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Specification 

PROCESS FOR PRODUCING α-OLEFIN POLYMER, α-OLEFIN POLYMER, AND 

LUBRICATING OIL COMPOSITION 

 

Technical Field 

[0001] The present invention relates to a method of  producing 

an α-olefin polymer, an α-olefin polymer obtained by the method 

of producing the same, and a lubricating oil compos ition containing 

the α-olefin polymer. 

 

Background Art 

[0002] As a characteristic, which has been hitherto  requested 

for lubricating oils for automobiles and industrial  machines, there 

is given a relatively high viscosity.  Along with a  recent improvement 

in performance of automobiles or industrial machine s, further 

improvement in performance has been requested for t hose lubricating 

oils as well.  With regard to the improvement in pe rformance of the 

lubricating oils, developments of various synthetic  lubricating 

oils have been conventionally known.  For example, the following 

technologies have been known about an α-olefin polymer as one kind 

of component of the synthetic lubricating oils. 

[0003] Patent Documents 1 and 2 each disclose a met hod of 

polymerizing 1-decene with a Friedel-Crafts catalys t using aluminum 

chloride or boron trifluoride.  In addition, an exa mple in which 

Specification PROCESS FOR PRODUCING a-OLEFIN POLYMER, a-OLEFIN POLYMER, AND
LUBRICATING OIL COMPOSITION Technical Field [0001]The present invention relates to a method
of producing an a-olefin polymer, an a-olefin polymer obtained by the method of producing the same,
and a lubricating oil composition containing the a-olefin polymer. Background Art [0002]As a
characteristic, which has been hitherto requested for lubricating oils for automobiles and industrial
machines, there  s given a relatively high vi s co s ity . Along with a recent improvement in
performance of automobiles or industrial machines, further improvement in performance has been
requested for those lubricating oils as well. With regard to the improvement in performance of the
lubricating oils, developments of various synthetic lubricating oils have been conventionally known. For
example, the following technologies have been known about an a-olefin polymer as one kind of
component of the synthetic lubricating oils. [0003]Patent Documents 1 and 2 each disclose a method
of polymerizing 1-decene with a Friedel-Crafts catalyst using aluminum chloride or boron trifluoride. In
addition, an example in which  ethylene or an a-olefin is polymerized by any one of the various
methods and the resultant polymer is used in a lubricating oil has been known. For example, Patent
Document 3 discloses a production method involving the use of a reduced chromium catalyst, Patent
Documents 4 and 5 each disclose a production method based on cationic polymerization, Patent
Documents 6 and 7 each disclose a production method involving the use of a Ziegler type catalyst,
and Patent Documents 8 to 16 each disclose a production method involving the use of a metallocene
catalyst. [0004]As described above, various technologies have been conventionally known about a
method of producing an a-olefin polymer . However, characteristics requested of the lubricating oils
have become more and more sophisticated, and hence additional technological development has
been requested of the method of producing an a-olefin polymer. That is, improved fuel efficiency,
reduced energy requirements, and a lengthened lifetime have been demanded of each of the
lubricating oil s in order that the lubricating oils may correspond to recent environmental problems .
Accordingly, easy production of an a-olefin polymer capable of corresponding to those problems has
been requested. In addition, an ability to produce assorted a-olefin polymers is preferred for providing
an optimum lubricating oil in accordance with each of friction conditions and the like. For example, a
production method by which the characteristics of an a-olefin polymer can be widely changed 
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ethylene or an α-olefin is polymerized by any one of the various 

methods and the resultant polymer is used in a lubr icating oil has 

been known.  For example, Patent Document 3 disclos es a production 

method involving the use of a reduced chromium cata lyst, Patent 

Documents 4 and 5 each disclose a production method  based on cationic 

polymerization, Patent Documents 6 and 7 each discl ose a production 

method involving the use of a Ziegler type catalyst , and Patent 

Documents 8 to 16 each disclose a production method  involving the 

use of a metallocene catalyst. 

[0004] As described above, various technologies hav e been 

conventionally known about a method of producing an  α-olefin polymer.  

However, characteristics requested of the lubricati ng oils have 

become more and more sophisticated, and hence addit ional 

technological development has been requested of the  method of 

producing an α-olefin polymer.  That is, improved fuel efficiency , 

reduced energy requirements, and a lengthened lifet ime have been 

demanded of each of the lubricating oils in order t hat the lubricating 

oils may correspond to recent environmental problem s.  Accordingly, 

easy production of an α-olefin polymer capable of corresponding 

to those problems has been requested.  In addition,  an ability to 

produce assorted α-olefin polymers is preferred for providing an 

optimum lubricating oil in accordance with each of friction 

conditions and the like.  For example, a production  method by which 

the characteristics of an α-olefin polymer can be widely changed 

through the control of reaction conditions has been desired. [0005]None of the above conventional
production methods suffices in such situations. For example, a polymer obtained with the
Friedel-Crafts catalyst is poor in viscosity index, low-temperature flowability, and durability. In addition,
there have also been problems that boron trifluoride is expensive, and further, discharges fluorine
having apparatus corrosiveness. In addition, various problems remain in the production methods
involving the use of the other catalysts as well. For example, problems concerning the characteristics
of the polymer are problems concerning it s molecular weight and low-temperature characteristic. In
addition, problems concerning the production methods are, for example, a problem concerning
polymerization activity, a problem concerning ethylene as an essential component, a problem
concerning a reaction condition such as a high pressure, the addition of a large amount of hydrogen,
or a high reaction temperature, a problem concerning dilution with an inert solvent, and a problem
concerning an expensive catalyst. As described above, even when any one of the conventional
methods of producing an a-olefin polymer is employed, it has been difficult to produce an a-olefin
polymer suitable for a lubricating oil on an industrial scale with ease, and it has also been difficult to
change the characteristics of the a-olefin polymer widely through the control of reaction conditions.
[0006]Patent Document 1: US 3,149,178  Patent Document 2: US 3,382,291 Patent Document 3: JP
09-508151 A Patent Document 4: JP 08-505888 A Patent Document 5: JP 2000-351813 A Patent
Document 6: JP 07-145205 A Patent Document 7: JP 05-271339 A Patent Document 8: JP 07-133234
A Patent Document 9: JP 06-80725 A Patent Document 10: JP 03-131612 A Patent Document 11: JP
02-169526 A Patent Document 12: JP 2006-176760 A Patent Document 13: JP 2005-200454 A Patent
Document 14: JP 2005-200446 A Patent Document 15: JP 2005-501957 A Patent Document 16: WO
2007/011459 Summary of the Invention Problems to be solved by the Invention [0007]The present
invention has been made in view of the above circumstances, and an object of the present invention is
to provide a method of producing an a-olefin polymer by which an a-olefin polymer having a viscosity
suitable for use in a lubricating oil can be produced on an industrial scale with ease, and further, the
characteristics of the product can be widely changed through the  control of reaction conditions. Means
for solving the Problems [0008]The inventors of the present invention have made extensive studies. As
a result, the inventors have found that the above problems can be solved by using a catalyst obtained
by using a specific transition metal compound. The present invention has been completed on the basis
of such finding. That is, the present invention provides: 
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through the control of reaction conditions has been  desired. 

[0005] None of the above conventional production me thods 

suffices in such situations.  For example, a polyme r obtained with 

the Friedel-Crafts catalyst is poor in viscosity in dex, 

low-temperature flowability, and durability.  In ad dition, there 

have also been problems that boron trifluoride is e xpensive, and 

further, discharges fluorine having apparatus corro siveness.  In 

addition, various problems remain in the production  methods 

involving the use of the other catalysts as well.  For example, 

problems concerning the characteristics of the poly mer are problems 

concerning its molecular weight and low-temperature  characteristic.  

In addition, problems concerning the production met hods are, for 

example, a problem concerning polymerization activi ty, a problem 

concerning ethylene as an essential component, a pr oblem concerning 

a reaction condition such as a high pressure, the a ddition of a 

large amount of hydrogen, or a high reaction temper ature, a problem 

concerning dilution with an inert solvent, and a pr oblem concerning 

an expensive catalyst.  As described above, even wh en any one of 

the conventional methods of producing an α-olefin polymer is employed, 

it has been difficult to produce an α-olefin polymer suitable for 

a lubricating oil on an industrial scale with ease,  and it has also 

been difficult to change the characteristics of the  α-olefin polymer 

widely through the control of reaction conditions. 

[0006] Patent Document 1: US 3,149,178 

1. a method of producing an a-olefin polymer, including a step of polymerizing one or more kinds of
a-olefins each having 6 to 20 carbon atoms with a catalyst obtained by using the following components
(A) and (B) (polymerizing step): (A) a transition metal compound represented by a general formula (I):
[0009][Chem 1]  [0010]where Rl to R6 each independently represent a hydrogen  atom, a halogen
atom, a hydrocarbon group having 1 to 20 carbon atoms, or an organic group having 1 to 20 carbon
atoms and containing one or more kinds of atoms selected from a halogen atom, a silicon atom, an
oxygen atom, a sulfur atom, a nitrogen atom, and aphosphorus atom, at least one selected from Alto
R3 representsa hydrogen atom, at least one selected from R4 to R6 represents a hydrogen atom, Ra
and Rh each independently represent a divalent group for bonding two cyclopentadienyl rings with one
to three atoms, X4 and X2 each independently represent a hydrogen atom, a halogen atom, a
hydrocarbon group having 1 to 20 carbon atoms, or an organic group having 1 to 20 carbon atoms and
containing one or more kinds of atoms selected from a halogen atom, a silicon atom, an oxygen atom,
a sulfur atom, a nitrogen atom, and a pho sphorus atom, and M repre sent s a transition metal
belonging to any one of Groups 4 to 6 of the periodic table; and (B) (b-1) an organic aluminum oxy
compound and/or (b-2) an ionic compound capable of reacting with the above trans it ion metal
compound to transform the compound into a cation;  2. the method of producing an a-olefin polymer
according to the item 1, in which each of Alto R6 inthe general formula (I) represents a hydrogen atom;
3. the method of producing an a-olefin polymer according to the item 1 or 2, in which the polymerizing
step includes the step of polymerizing two or more kinds of a-olefins each having 6 to 20  carbon
atoms;  4. the method of producing an a-olefin polymer according to any one of the items 1 to 3, in
which reaction conditions in the polymerizing step include a hydrogen pressure of 0 to 0.2 MPa (G)
and a reaction temperature of 0 to 200C;  5. the method of producing an a-olefin polymer according to
any one of the items 1 to 4, in which the a-olefin polymer is an a-olefin polymer having a kinematic
viscosity at 100C of 20 to 1,000 mm2/s;  6. the method of producing an a-olefin polymer according to
any one of the items 1 to 5, in which the a-olefin polymer is an a-olefin polymer whose a-olefin unit
sequence portion has an isotacticity of 20 to 40% and a syndiotacticity of 40% or less in terms of triad
expression;  7. the method of producing an a-olefin polymer according to any one of the items 1 to 6,
further including a step of removing a-olefin-based compounds each having 24 or less carbon atoms
after the polymerizing step;  8. an a-olefin polymer obtained by the production method according to
any one of the items 1 to 7; 
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Summary of the Invention 

Problems to be solved by the Invention 

[0007] The present invention has been made in view of the above 

circumstances, and an object of the present inventi on is to provide 

a method of producing an α-olefin polymer by which an α-olefin polymer 

having a viscosity suitable for use in a lubricatin g oil can be 

produced on an industrial scale with ease, and furt her, the 

characteristics of the product can be widely change d through the 

9. a hydrogenated a-olefin polymer obtained by hydrogenating the a-olefin polymer according to the
item 8; and  10. a lubricating oil composition including the a-olefin polymer according to the item 8
and/or the hydrogenated a-olefin polymer according to the item 9.  [0011]The present invention
provides a method of producing an a-olefin polymer by which an a-olefin polymer having a viscosity
suitable for use in a lubricating oil can be produced on an industrial scale with ease, and further, the
characteristics of the product can be widely changed through the control of reaction conditions, to
thereby produce an a-olefin polymer having desired characteristics with ease. [Brief Description of the
Drawings] [0012] [Fig.1]It is a drawing showing a relation of a reaction temperature for an a-olefin
polymer production to a kinematic viscosity at 100C of the a-olefin polymer. [Fig.2]It is a drawing
showing a relation of a kinematic viscosity at 100C of an a-olefin polymer to a pour point of the a-olefin
polymer. Best Mode for carrying out the Invention [0013][Method of producing a-olefin polymer]        A
method of producing an a-olefin polymer of the present invention is a method of producing an a-olefin
polymer, the method including the step of polymerizing one or more kinds of a-olefins each having 6 to
2 0 carbon atoms with a specific catalyst (polymerizing step). [0014]In the catalyst used in the present
invention, a transition metal compound represented by a general formula (I) is used as a component
(A). [0015][Chem 2] 
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control of reaction conditions. 

 

Means for solving the Problems 

[0008] The inventors of the present invention have made 

extensive studies.  As a result, the inventors have  found that the 

above problems can be solved by using a catalyst ob tained by using 

a specific transition metal compound.  The present invention has 

been completed on the basis of such finding. 

 That is, the present invention provides: 

1. a method of producing an α-olefin polymer, including a step of 

polymerizing one or more kinds of α-olefins each having 6 to 20 

carbon atoms with a catalyst obtained by using the following 

components (A) and (B) (polymerizing step): 

(A) a transition metal compound represented by a ge neral formula 

(I): 

[0009] [Chem 1] 

R1
R2

R3

Ra Rb

R6

R5
R4

M
X1

X2
(I)

 

[0010] where R 1 to R 6 each independently represent a hydrogen 

[0016]The compound represented by the general formula (I) is a transition metal compound formed of
a doubly crosslinked bis (cyclopentadienyl) -based metallocene complex. In the formula, Ri to R6 each
independently represent a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 20
carbon atoms, or an organic group having 1 to 20 carbon atoms and containing one or more kinds of
atoms selected from a halogen atom, a silicon atom, an oxygen atom, a sulfur atom, a nitrogen atom,
and a phosphorus atom. The case where the metallocene complex is a complex using a fused
cyclopentadienyl group as a ligand such as a doubly crosslinked bis(indeny1)-based metallocene
complex is not preferred because a reaction condition such as a high pressure condition, the addition
of a large amount of hydrogen, or a high reaction temperature, or dilution with an inert solvent is
needed when obtaining an a-olefin  polymer having a desired viscosity is tried. Alto R6 eachrepresent
preferably a hydrogen atom or an alkyl group having 1 to 20 carbon atoms, or more preferably a
hydrogen atom or an alkyl group having 1 to 4 carbon atoms. At least one selected from R4 to R3
represents a hydrogen atom, and at least one selected from R4 to R6 represents ahydrogen atom.
The case where none of Alto R3 representsahydrogen atom and none of R4 to R6 represents a
hydrogen atom is not preferred either because a reaction condition such as a high pre s sure
condition, the addition of a large amount of hydrogen, or a high reaction temperature, or dilution with
an inert solvent is needed when obtaining an a-olefin polymer having a desired viscosity is tried.
R7 and Rh each independently represent a divalent group for bonding two cyclopentadienyl rings with
one to three atoms or preferably a group represented by a general formula (II). [0017][Chem 3]
[0018]In the general formula (II), n represents an integer of 1 to 3, R3 and R8 each independently
represent a hydrogen atom, a halogen atom, a hydrocarbon group having 1 to 20 carbon atoms, or a
halogen-containing hydrocarbon group having 1 to 20 carbon atoms, preferably a hydrogen atom or a
hydrocarbon group having  1 to 4 carbon atoms, or more preferably a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms, and A represents an atom belonging to Group 14 of the periodic table.
Preferred examples of Pa and Rb include -0R2R2-, -SiR2R2-, and -0R2R2-0R2R2-.        X2 and X2
each independently represent a o-bonding ligand, for example, a hydrogen atom, a halogen atom, a
hydrocarbon group having 1 to 20 carbon atoms, or an organic group having 1 to 20 carbon atoms and
containing one or more kinds of atoms selected from a halogen atom, a silicon atom, an oxygen atom,
a sulfur atom, a nitrogen atom, and a phosphorus atom, or preferably each independently represent a
halogen atom. M represents a transition metal belonging to any one of Groups 4 to 6 of the periodic
table or preferably a trans ition metal belonging to Group 4 of the periodic table. [0019]Examples of the
compound represented by the general formula(I)include:adichlorocompoundsuchas 



 6 

atom, a halogen atom, a hydrocarbon group having 1 to 20 carbon 

atoms, or an organic group having 1 to 20 carbon at oms and containing 

one or more kinds of atoms selected from a halogen atom, a silicon 

atom, an oxygen atom, a sulfur atom, a nitrogen ato m, and a phosphorus 

atom, at least one selected from R 1 to R 3 represents a hydrogen atom, 

at least one selected from R 4 to R 6 represents a hydrogen atom, R a 

and R b each independently represent a divalent group for bonding 

two cyclopentadienyl rings with one to three atoms,  X 1 and X 2 each 

independently represent a hydrogen atom, a halogen atom, a 

hydrocarbon group having 1 to 20 carbon atoms, or a n organic group 

having 1 to 20 carbon atoms and containing one or m ore kinds of 

atoms selected from a halogen atom, a silicon atom,  an oxygen atom, 

a sulfur atom, a nitrogen atom, and a phosphorus at om, and M represents 

a transition metal belonging to any one of Groups 4  to 6 of the 

periodic table; and 

(B) (b-1) an organic aluminum oxy compound and/or ( b-2) an ionic 

compound capable of reacting with the above transit ion metal compound 

to transform the compound into a cation; 

2. the method of producing an α-olefin polymer according to the 

item 1, in which each of R 1 to R 6 in the general formula (I) represents 

a hydrogen atom; 

3. the method of producing an α-olefin polymer according to the 

item 1 or 2, in which the polymerizing step include s the step of 

polymerizing two or more kinds of α-olefins each having 6 to 20 

(1,1'-ethylene) (2,2'-ethylene)biscyclopentadienyl zirconium dichloride, (1,1'-ethylene)
(2,2'-ethylene)bis(3-methylcyclopentadienyl)zir conium dichloride, (1,1'-ethylene)
(2,2'-ethylene)bis(4-methylcyclopentadienyl)zir conium dichloride, (1,1'-ethylene)
(2,2'-ethylene)bis(3,4-dimethylcyclopentadienyl )zirconium dichloride,
(1,1'-ethylene)(2,2'-ethylene)bis(3,5-dimethylcyclopentadienyl )zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)biscyclopentadie nylzirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3-methylcycl opentadienyl)zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(4-methylcycl opentadienyl)zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3,4-dimethyl cyclopentadienyl)zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3,5-dimethyl cyclopentadienyl)zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-ethylene)biscyclopentadienyl zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-ethylene)bis(3-methylcyclopentadi 
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carbon atoms; 

4. the method of producing an α-olefin polymer according to any 

one of the items 1 to 3, in which reaction conditio ns in the 

polymerizing step include a hydrogen pressure of 0 to 0.2 MPa (G) 

and a reaction temperature of 0 to 200°C; 

5. the method of producing an α-olefin polymer according to any 

one of the items 1 to 4, in which the α-olefin polymer is an α-olefin 

polymer having a kinematic viscosity at 100°C of 20  to 1,000 mm 2/s; 

6. the method of producing an α-olefin polymer according to any 

one of the items 1 to 5, in which the α-olefin polymer is an α-olefin 

polymer whose α-olefin unit sequence portion has an isotacticity 

of 20 to 40% and a syndiotacticity of 40% or less i n terms of triad 

expression; 

7. the method of producing an α-olefin polymer according to any 

one of the items 1 to 6, further including a step o f removing 

α-olefin-based compounds each having 24 or less carb on atoms after 

the polymerizing step; 

8. an α-olefin polymer obtained by the production method a ccording 

to any one of the items 1 to 7; 

9. a hydrogenated α-olefin polymer obtained by hydrogenating the 

α-olefin polymer according to the item 8; and 

10. a lubricating oil composition including the α-olefin polymer 

according to the item 8 and/or the hydrogenated α-olefin polymer 

according to the item 9. 

enyl)zirconiumdichloride, (1,1'-dimethylsilylene)(2,2'-ethylene)bis(4-methylcyclopentadi
enyl)zirconiumdichloride, (1,1'-dimethylsilylene)(2,2'-ethylene)bis(3,4-dimethylcyclopen
tadienyl)zirconiumdichloride, (1,1'-dimethylsilylene)(2,2'-ethylene)bis(3,5-dimethylcyclopen
tadienyl)zirconiumdichloride, (1,1'-isopropylidene)(2,2'-dimethylsilylene)biscyclopentadieny
zirconiumdichloride,   (1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(3-methylcyclop
entadienyl)zirconium dichloride, (1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(4-methylcyclop
entadienyl)zirconium dichloride, (1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(3,4-dimethylcy
clopentadienyl)zirconium dichloride, (1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(3,5-dimethylcy
clopentadienyl)zirconium dichloride, (1,1'-isopropylidene)(2,2'-isopropylidene)bis(3-methylcyclopen
tadienyl)zirconium dichloride, (1,1'-isopropylidene)(2,2'-isopropylidene)bis(4-methylcyclopen
tadienyl)zirconium dichloride, (1,1'-isopropylidene)(2,2'-isopropylidene)bis(3,4-dimethylcycl
opentadienyl)zirconium dichloride, and (1,1'-isopropylidene) (2,2'-isopropylidene)bis(3,5-dimethylcycl
opentadienyl)zirconium dichloride; a dimethyl compound, a diethyl compound, a dihydro compound, a
diphenyl compound, and a dibenzyl compound of the above compounds; and titanium and hafnium
complexes thereof. [0020]One kind of a transition metal compound may be used as the component (A)
, or two or more kinds of trans ition metal compounds may be used in combination as the component.
[0021]In the catalyst used in the present invention, (b-1) an organic aluminum oxy compound and/or
(b-2) an ionic compound capable of reacting with the above transition metal compound to transform
the compound into a cation are each/is used as a component (B).        Examples of (b-1) the organic
aluminum oxy compound include a chain aluminoxane represented by the following general formula
(III): 
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[0011] The present invention provides a method of p roducing 

an α-olefin polymer by which an α-olefin polymer having a viscosity 

suitable for use in a lubricating oil can be produc ed on an industrial 

scale with ease, and further, the characteristics o f the product 

can be widely changed through the control of reacti on conditions, 

to thereby produce an α-olefin polymer having desired 

characteristics with ease. 

[Brief Description of the Drawings] 

[0012] 

[Fig.1] It is a drawing showing a relation of a rea ction 

temperature for an α-olefin polymer production to a kinematic 

viscosity at 100°C of the α-olefin polymer.   

[Fig.2] It is a drawing showing a relation of a kin ematic 

viscosity at 100°C of an α-olefin polymer to a pour point of the 

α-olefin polymer.   

 

Best Mode for carrying out the Invention 

[0013] [Method of producing α-olefin polymer] 

 A method of producing an α-olefin polymer of the present 

invention is a method of producing an α-olefin polymer, the method 

including the step of polymerizing one or more kind s of α-olefins 

each having 6 to 20 carbon atoms with a specific ca talyst (polymerizing 

step). 

[0014] In the catalyst used in the present inventio n, a 

[0022][Chem 4] Re Al R1 I   R1 I AI 0-Al R12 IR13 (III)    
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transition metal compound represented by a general formula (I) is 

used as a component (A). 

[0015] [Chem 2] 

R1
R2

R3

Ra Rb

R6

R5
R4

M
X1

X2
(I)

 

[0016] The compound represented by the general form ula (I) is 

a transition metal compound formed of a doubly cros slinked 

bis(cyclopentadienyl)-based metallocene complex.  I n the formula, 

R1 to R 6 each independently represent a hydrogen atom, a ha logen 

atom, a hydrocarbon group having 1 to 20 carbon ato ms, or an organic 

group having 1 to 20 carbon atoms and containing on e or more kinds 

of atoms selected from a halogen atom, a silicon at om, an oxygen 

atom, a sulfur atom, a nitrogen atom, and a phospho rus atom.  The 

case where the metallocene complex is a complex usi ng a fused 

cyclopentadienyl group as a ligand such as a doubly  crosslinked 

bis(indenyl)-based metallocene complex is not prefe rred because 

a reaction condition such as a high pressure condit ion, the addition 

of a large amount of hydrogen, or a high reaction t emperature, or 

dilution with an inert solvent is needed when obtai ning an α-olefin 

0       n-2 [0023]and a cyclic aluminoxane represented by the following general formula (IV).
[0024][Chem 5]    [0025]In the general formulae (III) and (IV), R9 to R14 each represent a hydrocarbon
group having 1 to 20, or preferably 1 to 12, carbon atoms, or a halogen atom. Examples of the
hydrocarbon group include an alkyl group, an alkenyl group, an aryl group, and an arylalkyl group, and
n represents a degree of polymerization and is an integer of typically 2 to 50 or preferably 2 to 40. It
should be noted that R9 to R'4 maybe identical to or different from  
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polymer having a desired viscosity is tried.  R 1 to R 6 each represent 

preferably a hydrogen atom or an alkyl group having  1 to 20 carbon 

atoms, or more preferably a hydrogen atom or an alk yl group having 

1 to 4 carbon atoms.  At least one selected from R 1 to R 3 represents 

a hydrogen atom, and at least one selected from R 4 to R 6 represents 

a hydrogen atom.  The case where none of R 1 to R 3 represents a hydrogen 

atom and none of R 4 to R 6 represents a hydrogen atom is not preferred 

either because a reaction condition such as a high pressure condition, 

the addition of a large amount of hydrogen, or a hi gh reaction 

temperature, or dilution with an inert solvent is n eeded when 

obtaining an α-olefin polymer having a desired viscosity is tried . 

 R a and R b each independently represent a divalent group for 

bonding two cyclopentadienyl rings with one to thre e atoms or 

preferably a group represented by a general formula  (II). 

[0017] [Chem 3] 

A

R7

R8
n

(II)

 

[0018] In the general formula (II), n represents an  integer 

of 1 to 3, R 7 and R 8 each independently represent a hydrogen atom, 

a halogen atom, a hydrocarbon group having 1 to 20 carbon atoms, 

or a halogen-containing hydrocarbon group having 1 to 20 carbon 

atoms, preferably a hydrogen atom or a hydrocarbon group having 

each other. [0026]Specific examples of the aluminoxanes include methylaluminoxane,
ethylaluminoxane, and isobutylaluminoxane.  [0027] A method of producing each of the aluminoxanes
is, for example, a method involving bringing an alkylaluminum and a condensation agent such as
water into contact with each other. However, an approach to the contact is not particularly limited, and
the alkylaluminum and the condensation agent have only to be caused to react with each other in
conformity with a known method. Available is, for example, a method involving dissolving an organic
aluminum compound in an organic solvent and bringing the solution into contact with water , a method
involving adding an organic aluminum compound at the beginning of polymerization and adding water
to the compound, a method involving causing crystal water in a metal salt or the like or water
adsorbing to an inorganic or organic substance to react with an organic aluminum compound, or a
method involving causing a trialkylaluminum to react with a tetraalkyldialuminoxane and causing water
to react with the resultant. It should be noted that the aluminoxane s may be insoluble in toluene. One
kind of those aluminoxanes may be used, or two or more kinds of them may be used in combination.
[0028]On the other hand, any ionic compound that may react with the transition metal compound as
the component (A) to convert to a cation can be used as the component (b-2), and a compound
represented by the following general formula (V) or (VI) can be preferably used. [L1_R15] k+) a ( [z](V)
(VI)  [0029]In the general formula (V), L2 represents a Lewis base and R25 represents a hydrogen
atom, an alkyl group having 1 to 20 carbon atoms, or a hydrocarbon group having 6 to 20 carbon
atoms selected from an aryl group, an alkylaryl group, and an arylalkyl group. [0030]Here, specific
examples of L2 include: amines such as ammonia, methyl amine, aniline, dimethyl amine, diethyl
amine, N-methyl aniline, diphenyl amine, N,N-dimethyl aniline, trimethyl amine, triethyl amine,
tri-n-butyl amine, methyldiphenyl amine, pyridine, p-bromo-N,N-dimethyl aniline, and
p-nitro-N,N-dimethyl aniline; phosphines such as triethylphosphine, triphenylphosphine, and diphenyl
phosphine; thioethers such as tetrahydrothiophene; esters such as ethyl benzoate; and nitriles such as
acetonitrile and benzonitrile. Specific examples of R25 include a hydrogen atom, a methyl group, an
ethyl group, a benzyl group, and a trityl group.  [0031] In the general formula (VI), L2 represents 1)42,
R16R122M2, RC, or Rl92. R16 and R11 each represent a cyclopentadienyl group, a substituted
cyclopentadienyl group, an indenyl group, or a fluorenyl group. R'8 representsan alkyl group having 1
to 20 carbon atoms, or a hydrocarbon group having 6 to 20 carbon atoms selected 
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1 to 4 carbon atoms, or more preferably a hydrogen atom or an alkyl 

group having 1 to 4 carbon atoms, and A represents an atom belonging 

to Group 14 of the periodic table.  Preferred examp les of R a and 

Rb include -CR 7R8-, -SiR 7R8-, and -CR 7R8-CR7R8-. 

 X 1 and X 2 each independently represent a σ-bonding ligand, 

for example, a hydrogen atom, a halogen atom, a hyd rocarbon group 

having 1 to 20 carbon atoms, or an organic group ha ving 1 to 20 

carbon atoms and containing one or more kinds of at oms selected 

from a halogen atom, a silicon atom, an oxygen atom , a sulfur atom, 

a nitrogen atom, and a phosphorus atom, or preferab ly each 

independently represent a halogen atom.  M represen ts a transition 

metal belonging to any one of Groups 4 to 6 of the periodic table 

or preferably a transition metal belonging to Group  4 of the periodic 

table. 

[0019] Examples of the compound represented by the general 

formula (I) include: a dichloro compound such as 

(1,1'-ethylene)(2,2'-ethylene)biscyclopentadienyl z irconium 

dichloride, 

(1,1'-ethylene)(2,2'-ethylene)bis(3-methylcyclopent adienyl)zir

conium dichloride, 

(1,1'-ethylene)(2,2'-ethylene)bis(4-methylcyclopent adienyl)zir

conium dichloride, 

(1,1'-ethylene)(2,2'-ethylene)bis(3,4-dimethylcyclo pentadienyl

)zirconium dichloride, 

from an aryl group, an alkylaryl group, and an arylalkyl group. R129 represents a macrocyclic ligand
such as tetraphenylporphyrin or phthalocyanine.        M2 contains an element belonging to any one of
Groups 1 to 3, 11 to 13, and 17 of the periodic table, andM2 represents an element belonging to any
one of Groups 7 to 12 of the periodic table.  [0032] Here, specific examples of R16 and R22 include a
cyclopentadienyl group, a methylcyclopentadienyl group, an ethylcyclopentadienyl group, and a
pentamethylcyclopentadienyl group. Specific examples of R129 include a phenyl group, a p-toly1
group, and a p-methoxyphenyl group, and specific examples of R129 include tetraphenylporphyrin and
phthalocyanine. In addition, specific examples of M2 include Li, Na, K, Ag, Cu, Br, I, and 13, and
specific examples of M2 include Mn, Fe, Co, Ni, and Zn. [0033]In the general formulae (V) and (VI):
k represents the ionic valence of each of [L1-R15] and [L2] which is an integer of 1 to 3, a represents
an integer of 1 or more, and be(kxa); -- [ Z ] - represents an uncoordinated anion [Z1 ] or [Z2 ] .
[Z2]- represents an anion obtained by bonding multiple groups to an element, that is [m3G1G2...Gfi .
Here, M3 represents an element belonging to any one of Groups 5 to 15 of the periodic table, or
preferably an element belonging to any one of Groups 13 to 15 of the periodic table. G1 to Gf each
repre sent a hydrogen atom, a halogen  atom, an alkyl group having 1 to 20 carbon atoms, a
dialkylamino group having 2 to 40 carbon atoms, an alkoxy group having 1 to 20 carbon atoms, an aryl
group having 6 to 20 carbon atoms, an aryloxy group having 6 to 20 carbon atoms, an alkylaryl group
having 7 to 40 carbon atoms, an arylalkyl group having 7 to 40 carbon atoms, a halogen- substituted
hydrocarbon group having 1 to 20 carbon atoms, an acyloxy group having 1 to 20 carbon atoms, an
organic metalloid group, or a hetero atom-containing hydrocarbon group having 2 to 20 carbon atoms.
Iwo ormore of G1 to Gfmay forma ring. f represents an integer obtained from [(valence of central metal
M3)+1].         [Z217 represents a conjugate base of a Bronsted acid alone, or a combination of a
Bronsted acid and a Lewis acid, the Bronsted acid having a logarithm of the reciprocal acid
dissociation constant (pKa) of -10 or less, or a conjugate base of an acid generally defined as a
superacid. In addition, [Z217 may be coordinated with a Lewis base. [0034]Here,specific examples of
M2 in[Z117,i.e., [msGoGo. [f             Gf]f include B, Al, Si, P, As, and Sb, and preferred are B and Al.
Further, specific examples of G2, and G2 to Gf include: a dimethylamino group and a diethylamino
group as dialkylamino groups; a methoxy group, an ethoxy group, an n-propoxy group, and a phenoxy
group as alkoxy groups or aryloxy groups; a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, an n-octyl group, a n-eicosyl group, a  phenyl
group, a p-toly1 group, a benzyl group, a 4-t-butylphenyl group, and a 3,5-dimethylphenyl group as
hydrocarbon groups; a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom as halogen
atoms; a p-fluorophenyl group, a 3, 5-difluorophenyl group, a pentachlorophenyl group, a
3,4,5-trifluorophenyl group, a pentafluorophenyl group, a 3,5-bis(trifluoromethyl)phenyl group, a
bis(trimethylsilyl)methyl group as hetero atom-containing hydrocarbon groups; and a
pentamethylantimony group, a trimethylsily1 group, a trimethylgermyl group, a diphenylarsine group, a
dicyclohexylantimony group, and a diphenylboron group as organic metalloid groups. [0035]Further,
specific examples of [321- as an uncoordinated 
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(1,1'-ethylene)(2,2'-ethylene)bis(3,5-dimethylcyclo pentadienyl

)zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)biscy clopentadie

nyl zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3 -methylcycl

opentadienyl)zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(4 -methylcycl

opentadienyl)zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3 ,4-dimethyl

cyclopentadienyl)zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3 ,5-dimethyl

cyclopentadienyl)zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-ethylene)biscyclopenta dienyl 

zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-ethylene)bis(3-methylc yclopentadi

enyl)zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-ethylene)bis(4-methylc yclopentadi

enyl)zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-ethylene)bis(3,4-dimet hylcyclopen

tadienyl)zirconium dichloride, 

(1,1'-dimethylsilylene)(2,2'-ethylene)bis(3,5-dimet hylcyclopen

tadienyl)zirconium dichloride, 

(1,1'-isopropylidene)(2,2'-dimethylsilylene)biscycl opentadieny

l zirconium dichloride, 

anion, that is, conjugate base of a Bronsted acid alone, or a combination of a Bronsted acid and a
Lewis acid, the Bronsted acid having pKa of -10 or less, include a trifluoromethanesulfonate anion
(0F3S03) , a bis(trifluoromethanesulfonyl)methyl anion, a bis(trifluoromethanesulfonyl)benzyl anion, a
bis(trifluoromethanesulfonyl)amide, a perchlorate anion (0104)-, a trifluoroacetate anion (0F3000)-, a
hexafluoroantimony anion (SloF6)-, a fluorosulfonate anion (FS03)-, a chlorosulfonate anion (03S03),
a fluorosulfonate anion/anitimony pentafluoride (FS03/SbF5) , a fluorosulfonate anion/arsenic
pentafluoride (FS03/A5F5)-, and a trifluoromethanesulfonate anion/antimony pentafluoride
(0F3S03/SbF5)-.  include triethylammonium tetraphenylborate, tri-n-butylammonium
tetraphenylborate,trimethylammoniumtetraphenylborate, tetraethylammoniumtetraphenylborate,
methyl(tri-n-butyl)ammoniumtetraphenylborate, benzyl(tri-n-butyl)ammoniumtetraphenylborate,
dimethyldiphenylammoniumtetraphenylborate, triphenyl(methyl)ammonium tetraphenylborate,
trimethylanilinium tetraphenylborate, methylpyridinium tetraphenylborate, benzylpyridinium
tetraphenylborate, methyl(2-cyanopyridinium) tetraphenylborate,triethylammonium
tetrakis(pentafluorophenyl)borate,tri-n-butylammonium
tetrakis(pentafluorophenyl)borate,triphenylammonium
tetrakis(pentafluorophenyl)borate,tetra-n-butyl-ammonium
tetrakis(pentafluorophenyl)borate,tetraethylammonium tetrakis(pentafluorophenyl)borate,
benzyl(tri-n-butyl)ammonium tetrakis(pentafluorophenyl)borate,methyldiphenylammonium 
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(1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(3-m ethylcyclop

entadienyl)zirconium dichloride, 

(1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(4-m ethylcyclop

entadienyl)zirconium dichloride, 

(1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(3,4 -dimethylcy

clopentadienyl)zirconium dichloride, 

(1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(3,5 -dimethylcy

clopentadienyl)zirconium dichloride, 

(1,1'-isopropylidene)(2,2'-isopropylidene)bis(3-met hylcyclopen

tadienyl)zirconium dichloride, 

(1,1'-isopropylidene)(2,2'-isopropylidene)bis(4-met hylcyclopen

tadienyl)zirconium dichloride, 

(1,1'-isopropylidene)(2,2'-isopropylidene)bis(3,4-d imethylcycl

opentadienyl)zirconium dichloride, and 

(1,1'-isopropylidene)(2,2'-isopropylidene)bis(3,5-d imethylcycl

opentadienyl)zirconium dichloride; a dimethyl compo und, a diethyl 

compound, a dihydro compound, a diphenyl compound, and a dibenzyl 

compound of the above compounds; and titanium and h afnium complexes 

thereof. 

[0020] One kind of a transition metal compound may be used as 

the component (A), or two or more kinds of transiti on metal compounds 

may be used in combination as the component. 

[0021] In the catalyst used in the present inventio n, (b-1) 

an organic aluminum oxy compound and/or (b-2) an io nic compound 

tetrakis(pentafluorophenyl)borate,triphenyl(methyl)ammonium
tetrakis(pentafluorophenyl)borate,methylanilinium tetrakis(pentafluorophenyl)borate,dimethylanilinium
tetrakis(pentafluorophenyl)borate,trimethylanilinium tetrakis(pentafluorophenyl)borate,methylpyridinium
tetrakis(pentafluorophenyl)borate,benzylpyridinium
tetrakis(pentafluorophenyl)borate,methyl(2-cyanopyridinium)
tetrakis(pentafluorophenyl)borate,benzyl(2-cyanopyridinium)
tetrakis(pentafluorophenyl)borate,methyl(4-cyanopyridinium)
tetrakis(pentafluorophenyl)borate,triphenyiphosphonium
tetrakis(pentafluorophenyl)borate,dimethylanilinium
tetrakis[bis(3,5-ditrifluoromethyl)phenyilborate,ferrocenium
tetraphenyiborate,silvertetraphenyiborate,trityl tetraphenyiborate, tetraphenyiporphyrin manganese
tetraphenyiborate, ferroceniumtetrakis(pentafluorophenyl)borate, (1,1'-dimethylferrocenium)
tetrakis(pentafluorophenyl)borate, decamethyiferrocenium tetrakis(pentafluorophenyl)borate, silver
tetrakis(pentafluorophenyl)borate,trityl tetrakis(pentafluorophenyl)borate,lithium 
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capable of reacting with the above transition metal  compound to 

transform the compound into a cation are each/is us ed as a component 

(B). 

 Examples of (b-1) the organic aluminum oxy compoun d include 

a chain aluminoxane represented by the following ge neral formula 

(III): 

[0022] [Chem 4] 

R9 Al

R10

O Al

R11

O Al

R12

R13

n-2

(III)

 

[0023] and a cyclic aluminoxane represented by the following 

general formula (IV). 

[0024] [Chem 5] 

O Al

R14

n (IV)

 

[0025] In the general formulae (III) and (IV), R 9 to R 14 each 

represent a hydrocarbon group having 1 to 20, or pr eferably 1 to 

12, carbon atoms, or a halogen atom.  Examples of t he hydrocarbon 

group include an alkyl group, an alkenyl group, an aryl group, and 

an arylalkyl group, and n represents a degree of po lymerization 

and is an integer of typically 2 to 50 or preferabl y 2 to 40.  It 

should be noted that R 9 to R 14 may be identical to or different from 

tetrakis(pentafluorophenyl)borate,sodium tetrakis(pentafluorophenyl)borate,tetraphenyiporphyrin
manganesetetrakis(pentafluorophenyl)borate,silver tetrafiuoroborate, silver hexafluorophosphate,
sliver hexafluoroarsenate, sliver perchiorate, silver trifluoroacetate, and silver
trifluoromethanesulfonate. [0037]One kind of component (b-2) may be used alone, or two or more
kinds thereof may be used In combination. A usage ratio between the components (A) and (B) In the
present Invention Is as described below. When the component (b-1) Is used as the component (B), the
molar ratio between them Is preferably 1:1 to 1:1,000,000 or more preferably 1:10 to 1:10,000. When
the component (b-2) Is  used as the component (B) , the molar ratio between them is preferably 10:1
to 1:100 or more preferably 2:1 to 1:10. In addition, one kind of components (b-1) , (b-2) , and the like
may be used alone as the component (B) , or two or more kinds of them may be used in combination
as the component. [0038]The catalyst in the present invention may contain the components (A) and
(B) as main components, or may contain the components (A) and (B) , and (C) an organic aluminum
compound as main components. Here, a compound represented by the general f ormula (VII) is used
as the organic aluminum compound as the component (C) . (R20) vALQ3_v  ( In the formula, R20
represents an alkyl group having 1 to 10 carbon atoms, Q represents a hydrogen atom, an alkoxy
group having 1 to 20 carbon atoms, an aryl group having 6 to 20 carbon atoms, or a halogen atom,
and v represents an integer of 1 to 3.) [0039]Specific examples of the compound represented by the
general formula (VII) include trimethylaluminum, triethylaluminum, triisopropylaluminum,
triisobutylaluminum, dimethylaluminum chloride, diethylaluminum chloride, methylaluminum dichloride,
ethylaluminum dichloride, dimethylaluminum fluoride, diisobutylaluminum hydride, diethylaluminum
hydride, and ethylaluminum se sguichlor ide . Those organic aluminum compounds may be used
alone, or two or more kinds thereof may be used in combination.  A usage ratio between the
components (A) and (C) is preferably 1:1 to 1 : 10, 000, morepreferablyI:Sto1:2,000, or still more
preferably 1:10 to 1:1,000 in terms of a molar ratio. The use of the component (C) can improve activity
per transition metal. However, an excessively large amount of the organic aluminum compound is not
preferred because the organic aluminum compound wastes, and remains in a large amount in the
a-olefin polymer. 
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each other. 

[0026] Specific examples of the aluminoxanes includ e 

methylaluminoxane, ethylaluminoxane, and isobutylal uminoxane. 

[0027] A method of producing each of the aluminoxan es is, for 

example, a method involving bringing an alkylalumin um and a 

condensation agent such as water into contact with each other.  

However, an approach to the contact is not particul arly limited, 

and the alkylaluminum and the condensation agent ha ve only to be 

caused to react with each other in conformity with a known method.  

Available is, for example, a method involving disso lving an organic 

aluminum compound in an organic solvent and bringin g the solution 

into contact with water, a method involving adding an organic aluminum 

compound at the beginning of polymerization and add ing water to 

the compound, a method involving causing crystal wa ter in a metal 

salt or the like or water adsorbing to an inorganic  or organic 

substance to react with an organic aluminum compoun d, or a method 

involving causing a trialkylaluminum to react with a 

tetraalkyldialuminoxane and causing water to react with the 

resultant.  It should be noted that the aluminoxane s may be insoluble 

in toluene.  One kind of those aluminoxanes may be used, or two or 

more kinds of them may be used in combination. 

[0028] On the other hand, any ionic compound that m ay react 

with the transition metal compound as the component  (A) to convert 

to a cation can be used as the component (b-2), and  a compound 

[0040]In the present invention, at least one kind of catalyst component can be used in a state of being
carried by a proper carrier. The kind of the carrier is not particularly limited, and any one of an
inorganic oxide carrier, an inorganic carrier except the foregoing, and an organic carrier can be used.
The inorganic oxide carrier or the inorganic carrier except the foregoing s particularly preferred in
terms of morphology control. [0041]Specific examples of the inorganic oxide carrier include Si02,
Al202, MgO, Zr02, Ii02, Fe202, B202, CaO, ZnO, BaO, and ThOz, and mixtures of them such as silica
alumina, zeolite, ferrite, and glass fibers. Of those, Si02 and A3202 are particularly preferred. It should
be noted that the above inorganic oxide carrier may contain a small amount of, for example, a
carbonate, nitrate, or sulfate. Meanwhile, examples of the carrier except the foregoing include
magnesium compounds represented by a general formula "mg(R21)axh" typified by, for example,
magnesium compounds such as MgC12 and Mg (0C2H5) 2, and complex salts of the compounds.
Here, R21 represents  an alkyl group having 1 to 20 carbon atoms, an alkoxy group having 1 to 20
carbon atoms, or an aryl group having 6 to 20 carbon atoms, X represents a halogen atom or an alkyl
group having 1 to 20 carbon atoms, a represents 0 to 2, b represents 0 to 2, and a+b=2. The re
spective R21' s or the re spective X s may be identical to or different from each other. [0042]In
addition, examples of the organic carrier include: polymers such as apolystyrene, a
styrene-divinylbenzene copolymer, a polyethylene, a polypropylene, a substituted polystyrene, and a
polyallylate; starch; and carbon. The carrier used in the present invention is preferably, for example,
MgC12, MgC1(002515), Mg(002515)2, Si02 , or Al203 . Although the properties of the carrier vary
depending on the kind of, and a production process for, the carrier, the carrier has an average particle
diameter of typically lto 300 pm, preferably 10 to 200 pm, or more preferably 20 to 100 pm. When the
particle diameter is small, the amount of a fine powder in the a-olefin polymer increases. When
theparticle diameter is large, the amount of coarse particles in the a-olefin polymer increases to be
responsible for a reduction in bulk density or the clogging of a hopper . In addition, the carrier has a
specific surface area of typically 1 to 1,000 m2/g or preferably 50 to 500 m2/g and a pore volume of
typically 0.1 to 5 cm2/g or preferably 0.3 to 3 cm2/g. When one of the specific surface area and the
pore volume deviates from the above range, the activity of the catalyst may reduce. It should be noted
that the specific surface area and the pore volume can each be determined from, f or example, the
volume of a nitrogen gas adsorbed in accordance with a BEI method (see "J. Ara. Chem. Soc. , 60,
309 (1983) " ) . Further, the above carrier is desirably used after having been baked at typically 150 to
1, 000C or preferably 200 to 800C. [0043]When the carrier is caused to carry at least one kind of
catalyst component, the carrier is desirably caused to carry at least one of the components (A) and
(B), or preferably both of the components (A) and (B). Although amethod of causingthe carrier to carry
at least one of the components (A) and (B) is not particularly limited, available is, for example, a
method involving mixing at least one of the components (A) and (B), and the carrier, a method
involving treating the carrier with an organic aluminum compound or a halogen-containing silicon
compound and mixing the treated product with at least one of the components (A) and (B) in an inert
solvent, a method involving causing the carrier, the component (A) and/or the component (B), and the
organic aluminum compound or the halogen-containing silicon compound to react with one another, a
method involving causing the carrier to carry the component (A) or (B) and mixing the resultant with
the component (B) or (A), a method involving mixing a product obtained by a contact reaction between
the components (A) and (B) with the carrier, or a method involving causing the carrier to coexist at the
time of a contact reaction between the components (A) and (B). It should be noted that the organic
aluminum compound as the component (C) can also be added in any one of the above reactions.
[0044]The catalyst thus obtained may be used in po lymeri z ation after having been extracted as a
solid through the removal of a solvent by distillation, or may be used in the polymerization as it is. In
addition, in the present invention, the catalyst can be produced by performing the operation of causing
the carrier to carry at least one of the components (A) and (B) in apolymerization system. Available is,
for example, a method involving adding at least one of the components (A) and (B), and the carrier,
and as required, the organic aluminum compound as the component (C), adding, to the mixture, an
olefin such as ethylene at normal pressure to 2 MPa, and subjecting the resultant mixture to
preliminary polymerization at -20 to 200C for about 1 minute to 2 hours, to thereby produce catalyst
particles. [0045]In the present invention, it is desired that a usage ratio between the component (b-1)
and the carrier be preferably 1:0.5 to 1:1,000 or more preferably 1:1 to 1:50 in terms of a mass ratio,
and a usage ratio between the component (b-2) and the carrier be preferably 1:5 to 1:10,000 or more
preferably 1:10 to 1:500 in terms of amass ratio. When two or more kinds of catalyst components (B)
are used as a mixture , a us age ratio between each of the components (B) and the carrier desirably
falls within the above range in terms of amass ratio. In addition, it is de s ired that a us age ratio
between the component (A) and the carrier be preferably 1:5 to 1:10,000 or more preferably 1:10 to
1:500 in terms of amass ratio . In addition, the catalyst in the present invention may contain the
components (A) , (B) , and (C) as main components. A usage ratio between the component (B) and
the carrier, and a usage ratio between the component (A) and the carrier each desirably fall within the
above range in terms of a mass ratio. As described above, a molar ratio of the amount of the
component (C) in this case to the amount of the component (A) is preferably 1:1 to 1:10,000, more
preferably 1:5 to 1:2,000, or still more preferably 1:10 to 1:1,000. When the usage ratio between the
component (B) (the component (b-1) or the component (b-2) ) and the carrier, the usage ratio between
the component (A) and the carrier, or the usage ratio between the component (C) and the component
(A) deviates from the above range, the activity may reduce. The catalyst of the present invention thus
prepared has an average particle diameter of typically 2 to 200 Tim, preferably 10 to 150 Tim, or
particularly preferably 20 to 100 Tim and a specific surface area of typically 20 to 1,000 m2/g or
preferably 50 to 500 m2/ g . When the average particle diameter is less than 2 Tim, the amount of a
fine powder in the polymer may increase. When the average particle diameter exceeds 200 nm, the
amount of coarse particles in the polymer may increase. When the specific surface area is less than
20 m2/g, the activity may reduce. When the specific surface area exceeds 1,000 m2/g, the bulk
density of the polymer may reduce. 
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represented by the following general formula (V) or  (VI) can be 

preferably used. 

 ([L 1-R 15] k+) a([Z] - ) b  ··· (V) 

 ([L 2] k+) a([Z] - ) b  ··· (VI) 

[0029] In the general formula (V), L 1 represents a Lewis base 

and R 15 represents a hydrogen atom, an alkyl group having 1 to 20 

carbon atoms, or a hydrocarbon group having 6 to 20  carbon atoms 

selected from an aryl group, an alkylaryl group, an d an arylalkyl 

group. 

[0030] Here, specific examples of L 1 include: amines such as 

ammonia, methyl amine, aniline, dimethyl amine, die thyl amine, 

N-methyl aniline, diphenyl amine, N,N-dimethyl anil ine, trimethyl 

amine, triethyl amine, tri-n-butyl amine, methyldip henyl amine, 

pyridine, p-bromo-N,N-dimethyl aniline, and p-nitro -N,N-dimethyl 

aniline; phosphines such as triethyl phosphine, tri phenyl phosphine, 

and diphenyl phosphine; thioethers such as tetrahyd rothiophene; 

esters such as ethyl benzoate; and nitriles such as  acetonitrile 

and benzonitrile.  Specific examples of R 15 include a hydrogen atom, 

a methyl group, an ethyl group, a benzyl group, and  a trityl group. 

[0031] In the general formula (VI), L 2 represents M 1, R 16R17M2, 

R18C, or R 19M2.  R 16 and R 17 each represent a cyclopentadienyl group, 

a substituted cyclopentadienyl group, an indenyl gr oup, or a 

fluorenyl group.  R 18 represents an alkyl group having 1 to 20 carbon 

atoms, or a hydrocarbon group having 6 to 20 carbon  atoms selected 

In addition, a transition metal amount in 100 g of the carrier in the catalyst of the present invention is
typically 0.05 to 10 g or particularly preferably 0.1 to 2 g. When the transition metal amount deviates
from the above range, the activity may reduce. As described above, an industrially advantageous
production method can be obtained by causing the carrier to carry at least one kind of the catalyst
components. [0046]One kind or more of a-olefins having 6 to 20 carbon atoms are used as raw
material monomers in the polymerization step in the method of producing an a-olefin polymer of the
present invention. Examples of the a-olefins having 6 to 20 carbon atoms include 1-hexene,
4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene,
1-tetradecene, 1-pentadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene, and
1-eicosene, and one kind or two or more kinds thereof are used. Of those, more preferred are a-olefins
having 6 or more to 14 or less carbon atoms, and particularly preferred are a-olefins having 8 or more
to 12 or less carbon atoms, which are easily obtainable and inexpensive. [0047]In the present
invention, a polymerization method is not particularly limited, and any one of the methods including a
bulk polymerization method, a solution polymerization method, a suspension polymerization method, a
slurry polymerization method, and a vapor phase polymeri z ation method may be employed. With
regard  to polymerization conditions, a polymerization temperature is typically 0 to 200C, preferably 30
to 150C, or more preferably 40 to 120C. In addition, a usage ratio of the catalyst to a raw material
monomer is such that a molar ratio " raw material monomer /the above component (A) " is preferably 1
to 109 or particularly preferably 100 to 105. Further, a polymerization time is typically 5 minutes to 20
hours, and a reaction pressure is preferably normal pressure to 0.2 MPaG or particularly preferably
normal pressure to 0.1 MPaG.  [0048] In the production method of the present invention,
polymerization is preferably performed without a solvent from the viewpoint of productivity, but a
solvent may be used. In the case of using a solvent, examples of the solvent which may be used
include: aromatic hydrocarbons such as benzene, toluene, xylene, and ethylbenzene; alicyclic
hydrocarbons such as cyclopentane, cyclohexane, and methylcyclohexane; aliphatic hydrocarbons
such as pentane, hexane, heptane, and octane; and halogenated hydrocarbons such as chloroform
and dichloromethane. One kind of solvent may be used alone or two or more kinds thereof may be
used in combination. In addition, a monomer such as 1-butene may also be used as the solvent.
[0049]In the production method of the present invention, the activity is Improved by adding hydrogen
upon polymerization of an a-olefin having 6 to 20 carbon atoms. When hydrogen is used, its pressure
is typically 0.2 MPaG or less, preferably 0.001 to 0.1  MPaG, or more preferably 0.01 to 0.1 MPaG.
[0050]In the present invention, preliminary polymerization can be performed by using the catalyst for
polymerization. The preliminary polymeri z ation can be performed by bringing, for example, a small
amount of an olefin into contact with the catalyst components. However, a method for the preliminary
polymerization is not particularly limited, and a known method can be employed. The olefin used in the
preliminary polymerization is not particularly limited, and examples of the olefin include ethylene, an
a-olefin having 3 to 20 carbon atoms, and mixtures of them. It is advantageous to use the same olefin
as the monomer used in the polymerization. In addition, a temperature for the preliminary
polymerization is typically-20 to 200C, preferably-10 to 130C, or more preferably 0 to 80C. In the
preliminary polymeri z ation , an inert hydrocarbon, an aliphatic hydrocarbon, an aromatic
hydrocarbon, a monomer, or the like can be used as a solvent. Of those, the aliphatic hydrocarbon is
particularly preferred. Alternatively, the preliminary polymerization may be performed in the absence of
any solvent. Conditions for the preliminary polymerization are preferably adjusted so that the amount
of a preliminary polymerization product with respect to 1 rarnol of a trans ition metal component in the
catalyst may be 1 to 10,000 g or particularly 1 to 1,000 g. [0051]Amethod of adjusting the molecular
weight of the polymer 
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from an aryl group, an alkylaryl group, and an aryl alkyl group.  

R19 represents a macrocyclic ligand such as tetrapheny lporphyrin 

or phthalocyanine. 

 M1 contains an element belonging to any one of Groups  1 to 

3, 11 to 13, and 17 of the periodic table, and M 2 represents an element 

belonging to any one of Groups 7 to 12 of the perio dic table. 

[0032] Here, specific examples of R 16 and R 17 include a 

cyclopentadienyl group, a methylcyclopentadienyl gr oup, an 

ethylcyclopentadienyl group, and a pentamethylcyclo pentadienyl 

group.  Specific examples of R 18 include a phenyl group, a p-tolyl 

group, and a p-methoxyphenyl group, and specific ex amples of R 19 

include tetraphenylporphyrin and phthalocyanine.  I n addition, 

specific examples of M 1 include Li, Na, K, Ag, Cu, Br, I, and I 3, 

and specific examples of M 2 include Mn, Fe, Co, Ni, and Zn. 

[0033] In the general formulae (V) and (VI): 

 k represents the ionic valence of each of [L 1-R 15] and [L 2] 

which is an integer of 1 to 3, a represents an inte ger of 1 or more, 

and b=(k×a); 

 [Z] -  represents an uncoordinated anion [Z 1] -  or [Z 2] - . 

 [Z 1] -  represents an anion obtained by bonding multiple g roups 

to an element, that is, [M 3G1G2···G f ] - .  Here, M 3 represents an element 

belonging to any one of Groups 5 to 15 of the perio dic table, or 

preferably an element belonging to any one of Group s 13 to 15 of 

the periodic table.  G 1 to G f  each represent a hydrogen atom, a halogen 

in the production method of the present invention is, for example, a method involving selecting the
kinds and usages of the respective catalyst components, and a polymerization temperature, a method
involving adding hydrogen, or a method involving adding an inert gas such as nitrogen. [0052]When
the a-olefin polymer is used in a lubricating oil, a-olefin-based compounds each having 24 or less
carbon atoms (an a-olefin and an a-olefin oligomer) are preferably removed after the above polymeri z
ing step. A method for the removal is, for example, a method involving performing distillation under
reduced pressure.         In addition, subj ecting the a-olefin polymer to a hydrogenation treatment to
produce a hydrogenated a-olefin polymer is preferred from the viewpoint of an improvement in the
stability. A method for the hydrogenation is not particularly limited, and a known method can be
employed. [0053]The employment of the production method of the present invention can produce an
a-olefin polymer having a vi s co s ity suitable for use in a lubricating oil on an industrial s cale with
ease . Further, the control of the reaction conditions such as the adjustment of the reaction
temperature can widely change the characteristics of the product.         It should be noted that the
above phrase "produce on an industrial scale with ease" means, for example, that the usage and
compression force of hydrogen may be small, that a reaction temperature which is relatively moderate
and easy to control is  adopted, or that the step of dilution with an inert solvent is not needed.
[0054][a-olefin polymer]         An a-olefin polymer of the present invention is an a-olefin polymer
obtained by the above production method, and preferably has a kinematic viscosity at 100C measured
in conformity with JIS K 2283 of 20 to 1,000 mm2/s. When the kinematic viscosity at 100C falls within
the above range, the polymer can be suitably used as a high-viscosity lubricating oil component. From
the foregoing viewpoint, the kinematic viscosity at 100C is more preferably 25 to 800 mm2/s or
particularly preferably 30 to 700 mm2/s.  [0055]The a-olefin polymer of the present invention has a
number-average molecular weight of typically 1,500 to 10,000, preferably 1,800 to 8,000, or more
preferably 2,000 to 7,000 and amolecular weight distribution (Mw/Mn) of typically 1 . 5 to 4 . Those
values can be determined by gel permeation chromatography.  [0056]The a-olefin polymer of the
present invention is such that its a-olefin unit sequence portion has an isotacticity of typically 20 to
40% or preferably 25 to 35% and a syndiotacticity of typically 40% or less or preferably 15 to 35% in
terms of triad expression.The polymer shows a good low-temperature 
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atom, an alkyl group having 1 to 20 carbon atoms, a  dialkylamino 

group having 2 to 40 carbon atoms, an alkoxy group having 1 to 20 

carbon atoms, an aryl group having 6 to 20 carbon a toms, an aryloxy 

group having 6 to 20 carbon atoms, an alkylaryl gro up having 7 to 

40 carbon atoms, an arylalkyl group having 7 to 40 carbon atoms, 

a halogen-substituted hydrocarbon group having 1 to  20 carbon atoms, 

an acyloxy group having 1 to 20 carbon atoms, an or ganic metalloid 

group, or a hetero atom-containing hydrocarbon grou p having 2 to 

20 carbon atoms.  Two or more of G 1 to G f  may form a ring.  f represents 

an integer obtained from [(valence of central metal  M3)+1]. 

 [Z 2] -  represents a conjugate base of a Bronsted acid alo ne, 

or a combination of a Bronsted acid and a Lewis aci d, the Bronsted 

acid having a logarithm of the reciprocal acid diss ociation constant 

(pKa) of -10 or less, or a conjugate base of an aci d generally defined 

as a superacid.  In addition, [Z 2] -  may be coordinated with a Lewis 

base. 

[0034] Here, specific examples of M 3 in [Z 1] - , i.e., 

[M3G1G2···G f ] -  include B, Al, Si, P, As, and Sb, and preferred ar e 

B and Al.  Further, specific examples of G 1, and G 2 to G f  include: 

a dimethylamino group and a diethylamino group as d ialkylamino 

groups; a methoxy group, an ethoxy group, an n-prop oxy group, and 

a phenoxy group as alkoxy groups or aryloxy groups;  a methyl group, 

an ethyl group, an n-propyl group, an isopropyl gro up, an n-butyl 

group, an isobutyl group, an n-octyl group, a n-eic osyl group, a 

characteristicwhenthepolymersatisfiestheabove stereoregularity. [0057]The a-olefin polymer of the
present invention is characterized in that the polymer has a lower pour point and a higher viscosity
index than those of a polymer obtained by a conventional production method. For example, an a-olefin
polymer having a kinematic viscosity at 100C of about 40 mm2/s has a pour point of -45C or lower and
a viscosity index (VI) of 170 or more in ordinary cases. In addition , an a-olefin polymer having a
kinematic vi s co s ity at 100C of about 100 mm2/s has a pour point of -40C or lower and a viscosity
index (VI) of 190 or more in ordinary cases. [0058][Lubricating oil composition]         A lubricating oil
compo s ition of the pre sent invention contains the a-olefin polymer and/or the hydrogenated a-olefin
polymer, and typically contains those polymers at a content of 0.01 to 100 mass% with reference to
the total amount of the composition.         The manner in which the a-olefin polymer or the
hydrogenated a-olefin polymer is used in the lubricating oil composition of the present invention is not
particularly limited, and any such polymer may be used as a base oil, or may be used as an additive.
When any such polymer is used as a base oil, the polymer to be used can be selected from a wide
range from a polymer having a low molecular weight to a polymer having a high molecular weight.
When any such polymer is used as a base oil, the polymer may be used alone, or may be used as a
mixture with any other base oil. Although a ratio of the mixture is not particularly limited, the ratio is
typically 1 to 100 mass% with reference to the total amount of the composition. When any such
polymer is used as an additive, the polymer is utilized as, for example, a viscosity index improver. In
this case, an a-olefin polymer having a relatively high molecular weight is preferably used. The a-olefin
polymer having a high molecular weight is, for example, a polymer having a number-average
molecular weight in excess of 5,000. In addition, the polymer is typically added at a content of 0.01 to
33 mass% with reference to the total amount of the composition. [0059]Any one of the various known
additives can be appropriately blended into the lubricating oil composition of the present invention to
such an extent that the object of the present invention is not inhibited. Examples of the additive
include: a phosphorus-based extreme pressure agent such as a phosphoric acid ester and a
phosphorous acid ester; an oiliness agent including a carboxylic acid such as oleic acid, stearic acid,
and diner acid, and esters thereof; an anti-wear agent such as zinc dithiophosphate (ZnDIP, excluding
an aryl type), zinc dithiocarbamate (ZnDIC), oxymolybdenum dithiocarbamate sulfide (MoDIC), nickel
dithiophosphate (NiDIP), and nickel dithiocarbamate (NiDIC); amine-based and phenol-based
antioxidants; a metal deactivator such as thiadiazole and benzotriazole; a sludge dispersing agent
such as an alkenyl succinic acid and esters and imides thereof; a rust inhibitor such as a sorbitan ester
and a sulfonate, a phenate, and a salicylate of neutral alkaline earth metals; and a deformer such as
dimethylpolysiloxane and polyacrylate. [0060]The application of the lubricating oil composition of the
present invention is not particularly limited, and the lubricating oil composition may be used as an
internal combustion engine oil such as a gasoline engine oil (2 cycles and 4 cycles) or a diesel engine
oil, a drive system oil such as a gear oil, ATF (automatic transmission fluid), PSF (power steering
fluid), or a buffer oil, an equipment oil such as a chassis oil, a turbine oil, an operating oil, a machine
tool oil, or a refrigerator oil, a processing oil such as a rolling oil, a cutting and grinding oil, or a heat
treatment oil, grease, or the like. Examples [0061]Next, the present invention is described in more
detail with reference to examples, but the present invention is not limited thereto. [0062]An a-olefin
polymer was evaluated for its physical 
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phenyl group, a p-tolyl group, a benzyl group, a 4- t-butylphenyl 

group, and a 3,5-dimethylphenyl group as hydrocarbo n groups; a 

fluorine atom, a chlorine atom, a bromine atom, and  an iodine atom 

as halogen atoms; a p-fluorophenyl group, a 3,5-dif luorophenyl group, 

a pentachlorophenyl group, a 3,4,5-trifluorophenyl group, a 

pentafluorophenyl group, a 3,5-bis(trifluoromethyl) phenyl group, 

a bis(trimethylsilyl)methyl group as hetero atom-co ntaining 

hydrocarbon groups; and a pentamethylantimony group , a 

trimethylsilyl group, a trimethylgermyl group, a di phenylarsine 

group, a dicyclohexylantimony group, and a diphenyl boron group as 

organic metalloid groups.  

[0035] Further, specific examples of [Z 2] -  as an uncoordinated 

anion, that is, conjugate base of a Bronsted acid a lone, or a 

combination of a Bronsted acid and a Lewis acid, th e Bronsted acid 

having pKa of -10 or less, include a trifluorometha nesulfonate anion 

(CF 3SO3) - , a bis(trifluoromethanesulfonyl)methyl anion, a 

bis(trifluoromethanesulfonyl)benzyl anion, a 

bis(trifluoromethanesulfonyl)amide, a perchlorate a nion (ClO 4) - , 

a trifluoroacetate anion (CF 3COO)- , a hexafluoroantimony anion 

(SbF 6) - , a fluorosulfonate anion (FSO 3) - , a chlorosulfonate anion 

(ClSO 3) - , a fluorosulfonate anion/anitimony pentafluoride 

(FSO3/SbF 5) - , a fluorosulfonate anion/arsenic pentafluoride 

(FSO3/AsF 5) - , and a trifluoromethanesulfonate anion/antimony 

pentafluoride (CF 3SO3/SbF 5) - . 

properties by the following methods. (1) Pour point Measurement was performed in conformity with JIS
K 2269. (2) Kinematic viscosity and viscosity index         A kinematic viscosity was measured in
conformity with JIS K 2283. A vi s co s ity index was determined from the kinematic vi s co s ity
through a calculation in conformity with JIS K 2283. (3) Number-average molecular weight and
molecular weight  distribution (Mw/Mn)         Determination was performed with a GPC-900
manufactured by JASCO Corporation (column; TOSOH TSK-GEL MULTIPORE HXL-M (two)+Shodex
KF801 (one)) and tetrahydrofuran as a solvent at a temperature of 23C in terms of polystyrene. (4)
Stereoregularity, terminal structure, and branched structure         Determination was performed by
employing 13C-NMR according to themethoddescribed in [Macromolecules 24, 2334 (1991); Polymer,
30, 1350 (1989)1. [0063][ProductionExample1]Synthesisof  (1, 1 ' -dimethylsilylene) (2, 2 '
-dimethylsilylene) -bis (cyclopentad ienyl) zirconium dichloride         About 13.8 g (600 rarnol) of metal
Na and 400 ml of dry tetrahydrofuran ( THE ) were loaded into a 1, 000-ml three-necked flask replaced
with nitrogen, and the mixture was stirred at 0C. 5 minutes after that, 1 to 2 ml of cyclopentadiene
were dropped to the mixture. Once the generation of hydrogen stopped, 1 to 2 ml of cyclopentadiene
were newly added to the resultant mixture. The above operation was repeated until a total of 50 ml
(600 rarnol) of cyclopentadiene were added. The reaction solution changed from a colorless,
transparent one to an incarnadine one. After THE had been removed by distillation under reduced
pressure, the resultant crystal was washed with hexane twice and solidified by drying under reduced
pressure. As a result, cyclopentadienyl sodium as a pink powder was obtained.         457 ml of THF
were added to 43 . 0 g ( 480 rarnol) of cyclopentadienyl sodium at 0C, and the mixture was stirred.
The mixture was cooled to -78C, and 29.2 ml (480 mmol) of dichlorodimethylsilane were slowly
dropped to the solution. The solution changed from a pink one to a white one. After the solution had
been stirred at room temperature overnight, THF was removed by di stillation . As a re suit , a yellow
powder [Compound (1)] was obtained.         Compound (1) was extracted with 150 ml of hexane, and
the supernatant was transferred to a 1,000-m3 three-necked flask replaced with nitrogen. After the
supernatant had been cooled to -78C, 175.8m3 ( 480 mmol) of n-butyllithium (2 . 73 mo1/1) were
dropped to the supernatant. The reaction solution changed from a yellow one to an opaque one. After
the solution had been stirred at room temperature overnight, the supernatant was removed by
distillation through filtration. The resultant white solid was washed with 100 ml of hexane. The washed
product was dried under reduced pressure. As a result, a dilithium salt [Compound (2)] as a white
powder was obtained. 
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[0036] Specific examples of such compounds of compo nent (b-2) 

include triethylammonium tetraphenylborate, tri-n-b utylammonium 

tetraphenylborate, trimethylammonium tetraphenylbor ate, 

tetraethylammonium tetraphenylborate, 

methyl(tri-n-butyl)ammonium tetraphenylborate, 

benzyl(tri-n-butyl)ammonium tetraphenylborate, 

dimethyldiphenylammonium tetraphenylborate, 

triphenyl(methyl)ammonium tetraphenylborate, trimet hylanilinium 

tetraphenylborate, methylpyridinium tetraphenylbora te, 

benzylpyridinium tetraphenylborate, methyl(2-cyanop yridinium) 

tetraphenylborate, triethylammonium 

tetrakis(pentafluorophenyl)borate, tri-n-butylammon ium 

tetrakis(pentafluorophenyl)borate, triphenylammoniu m 

tetrakis(pentafluorophenyl)borate, tetra-n-butyl-am monium 

tetrakis(pentafluorophenyl)borate, tetraethylammoni um 

tetrakis(pentafluorophenyl)borate, benzyl(tri-n-but yl)ammonium 

tetrakis(pentafluorophenyl)borate, methyldiphenylam monium 

tetrakis(pentafluorophenyl)borate, triphenyl(methyl )ammonium 

tetrakis(pentafluorophenyl)borate, methylanilinium 

tetrakis(pentafluorophenyl)borate, dimethylaniliniu m 

tetrakis(pentafluorophenyl)borate, trimethylanilini um 

tetrakis(pentafluorophenyl)borate, methylpyridinium  

tetrakis(pentafluorophenyl)borate, benzylpyridinium  

tetrakis(pentafluorophenyl)borate, methyl(2-cyanopy ridinium) 

50 ml of diethyl ether and 100 ml of hexane were added to 27.4 g (137 mmol) of Compound (2). After
the mixture had been cooled to -78C, 16.7 ml (137 mmol) of dichlorodimethylsilane were slowly
dropped to the mixture . After the re sultant mixture had been stirred at room temperature for 5 hours,
the precipitate was removed by filtration, and the filtrate was concentrated. Then,  recrystallization
from hexane was performed. As a result, 4.05 g of Compound (3) as a needle-like transparent crystal
were obtained (in 12% yield).         In a 200-m3 Schlenk flask replaced with nitrogen, 4.05 g (16.6
mmol) of Compound (3) were dissolved in 60 ml of hexane, and the solution was stirred. After the
solution had been cooled to -78C, 12.1 ml (33.1 mmol) of n-butyllithium (2.73 mo1/1) were dropped to
the solution, and the mixture was stirred at room temperature overnight. After the solvent of the
opaque solution had been removed by distillation under reduced pressure, the precipitate was washed
with 20 ml of hexane. The washed product was dried under reduced pressure. As a result, a dilithium
salt [Compound (4)1 as a white powder was obtained. [0064]3 4 ml of toluene were added to
Compound (4) . A suspens ion of 3.9 g (16.6 mmol) of zirconium tetrachloride in 51 ml of toluene was
dropped to the above suspension at -20C. After the mixture had been stirred at room temperature
overnight, the solvent was removed by di stillation under reduced pre s sure . As a re suit , a target
product [Compound (5)] was obtained. Compound (5) was extracted with 30 ml of dichloromethane,
and the filtrate was concentrated. The concentrated product was washed with 10 ml of hexane, and
was then dried under reduced pressure. As a result, 500 mg of Compound (5) were obtained (in 7.4%
yield). The determination of the 151-NMR of the compound provided the following results.  1-51-NMR
(500MHz, CDC13) a: 0.49 [6H, s, (CH3) 2S1], 0.87 [6H, s, (CH3) 2S1] 6.40 (2H, t, -CH-), 6.89 (4H, d,
-CH-). [0065][ProductionExample2]Synthesisof  (1,1'-dimethylsilylene)
(2,2'-isopropylidene)-bis(cyclopentadie nyl)zirconium dichloride         100 ml of THE were added to 12 .
8 g ( 143 rarnol) of cyclopentadienyl sodium at 0C, and the mixture was stirred. After the solution had
been cooled to -78C, 50 ml of a solution of 17.3 ml (143 mmol) of 6,6-dimethylfulvene in THF was
dropped to the solution. The reaction solution showed a deep orange color, and became slightly turbid.
After having been stirred at room temperature for 3 hours, the reaction solution was hydrolyzed with
100 ml of water. After the solvent had been removed by distillation under reduced pre s sure , the
remainder was separated with water and hexane, and the organic layer was dried with anhydrous
magnesium sulfate. The solvent was removed by distillation, and the remainder was distilled under
reduced pressure (30C/10.6 Pa). As a result, 4.66 g of Compound (6) were obtained (in 18.9% yield).
In a 200-m3 Schlenk flask replaced with nitrogen, 4.66g (27.0 mmol) of Compound (6) were dissolved
in 50 ml of THF, and the solution was stirred. After the solution had been cooled to -78C, 19.8 ml (54.0
mmol) of n-butyllithium (2.73 mo1/1) were dropped to the solution, and the mixture was stirred at room
temperature overnight. After the mixture had been cooled to -78C again, a solution of  3.3 ml (27.0
mmol) of dichlorodimethylsilane in 21 ml of THF was dropped to the mixture over 30 minutes. After
having been stirred at room temperature overnight, the reaction solution changed from an opaque one
to a yellow one. The precipitate was removed by filtration, and the filtrate was concentrated. The
resultant yellow oily matter was distilled under reduced pressure (35 to 45C/7.98 Pa). As aresult, 1 . 0
g of Compound (7) was obtained (in 16 .2% yield).         In a 200-m3 Schlenk flask replaced with
nitrogen, 1.0 g (4.38 mmol) of Compound (7) was dissolved in 41 ml of hexane, and the solution was
stirred. After the solution had been cooled to -78C, 3.20 ml (8.76 mmol) of n-butyllithium (2.73 mo1/1)
were dropped to the solution, and the mixture was stirred at room temperature overnight. After the
solvent of the opaque solution had been removed by distillation under reduced pressure, the
precipitate was washed with 10 ml of hexane. The washed product was dried under reduced pressure.
As a result, a dilithium salt [Compound (8)1 as a white powder was obtained. [0066]1 4 ml of toluene
were added to Compound (8) . A suspens ion of 1.02 g (4.38 mmol) of zirconium tetrachloride in 14 ml
of toluene was dropped to the above suspension at -20C. After the mixture had been stirred at room
temperature overnight, the solvent was removed by di stillation under reduced pre s sure . As a re suit
, a target product [Compound (9)] was obtained. Compound (9) was extracted with 20 ml of
dichloromethane, and the filtrate was concentrated. 
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tetrakis(pentafluorophenyl)borate, benzyl(2-cyanopy ridinium) 

tetrakis(pentafluorophenyl)borate, methyl(4-cyanopy ridinium) 

tetrakis(pentafluorophenyl)borate, triphenylphospho nium 

tetrakis(pentafluorophenyl)borate, dimethylaniliniu m 

tetrakis[bis(3,5-ditrifluoromethyl)phenyl]borate, f errocenium 

tetraphenylborate, silver tetraphenylborate, trityl  

tetraphenylborate, tetraphenylporphyrin manganese 

tetraphenylborate, ferrocenium tetrakis(pentafluoro phenyl)borate, 

(1,1'-dimethylferrocenium) tetrakis(pentafluorophen yl)borate, 

decamethylferrocenium tetrakis(pentafluorophenyl)bo rate, silver 

tetrakis(pentafluorophenyl)borate, trityl 

tetrakis(pentafluorophenyl)borate, lithium 

tetrakis(pentafluorophenyl)borate, sodium 

tetrakis(pentafluorophenyl)borate, tetraphenylporph yrin 

manganese tetrakis(pentafluorophenyl)borate, silver  

tetrafluoroborate, silver hexafluorophosphate, silv er 

hexafluoroarsenate, sliver perchlorate, silver trif luoroacetate, 

and silver trifluoromethanesulfonate.   

[0037] One kind of component (b-2) may be used alon e, or two 

or more kinds thereof may be used in combination.  A usage ratio 

between the components (A) and (B) in the present i nvention is as 

described below.  When the component (b-1) is used as the component 

(B), the molar ratio between them is preferably 1:1  to 1:1,000,000 

or more preferably 1:10 to 1:10,000.  When the comp onent (b-2) is 

The concentrated product was washed with 10 m1 of hexane, and was then dried under reduced
pressure. As a result, 140 mg of Compound (9) were obtained (in 8.2% yield) . The determination of
the 1-51-NMR of the compound provided the following results. 1-51-NMR (500MHz, CDC13) a: 0.45
[3H, s, (CH3) 2Ci] , 0.91  [3H, s, (CH3) 2Si] 1.43 [3H, s, (CH3)C], 2.06 [3H, s, (CH3)C], 6.06 (2H, m,
-CH-), 6.44 (2H, m, -CH-), 6.72 (2H, m, -CH-). [0067][Example 1]        A stainless autoclave having an
internal volume of 1 1 was sufficiently dried and replaced with nitrogen. After that, 200 ml of 1-decene
were charged into the autoclave, and the temperature of the mixture was increased to 60C. After 0.5
mmol of methylaluminoxane (2 . 0-mrnol/m1toluene solution; 0.25m1) was loaded into the autoclave,
loaded were 5 nmol of (1,1'-dimethylsilylene) (2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium
dichloride obtained in Production Example 1 (5-nmol/m1 toluene solution; 1 ml). After that, hydrogen
was immediately introduced into the autoclave to attain 0.05 MPaG, and polymerization was initiated.
120 minutes after that, 10 ml of methanol were added to the resultant so that the polymeri z ation
might be stopped. The contents were taken out and added to 200 ml of a 1-mo1/1 hydrochloric acid.
Then, the mixture was stirred. The solution was transferred to a separating funnel, and the organic
layer was fractionated. After that, the organic layer was washed with water, and the solid matter of the
organic layer was removed with a filter paper 20 manufactured by Ioyo Roshi Kaisha, Ltd. Heptane,
the raw materials, methanol, and the like were removed by distillation from the resultant solution with a
rotary evaporator (under a reduced pressure of about 1.0x107 MPa in an oil bath at 100C). As a result,
88 g of a colorless, transparent liquid were obtained. Table 1 shows the re suit s obtained by the
above analysis methods. [0068][Example 2]         111 g of a colorless, transparent liquid were obtained
in the same manner as in Example 1 except that the polymeri z ation temperature was changed to
70C. Table 1 shows the results obtained by the above analysis methods. [Example 3]         61 g of a
colorless, transparent liquid were obtained in the same manner as in Example 1 except that the
polymeri z ation temperature was changed to 50C. Table 1 shows the results obtained by the above
analysis methods. [Example 4]         61 g of a colorless, transparent liquid were obtained in the s ame
manner as inExample 1 except that 0 . 5 rarnol of trii s obutylaluminum and 0.01 mmol of
N,N-dimethylanilinium tetrakis(pentafluorophenyl)boratewereusedinsteadof methylaluminoxane Table
1 shows the results obtained by the above analysis methods. [Example 5]         230 g of a colorless,
transparent liquid were obtained in the same manner as in Example 4 except that 400 ml of 1-decene,
1.0 mmol of triisobutylaluminum, 0.02 mmol of N,N-dimethylanilinium
tetrakds(pentafluorophenyl)borate, and 10 nmol of (1,1'-dimethylsilylene)
(2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride were used, the polymerization
temperature was changed to 100C, and the reaction time was changed to 240 minutes. Table 1 shows
the results obtained by the above analysis methods. 
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used as the component (B), the molar ratio between them is preferably 

10:1 to 1:100 or more preferably 2:1 to 1:10.  In a ddition, one kind 

of components (b-1), (b-2), and the like may be use d alone as the 

component (B), or two or more kinds of them may be used in combination 

as the component. 

[0038] The catalyst in the present invention may co ntain the 

components (A) and (B) as main components, or may c ontain the 

components (A) and (B), and (C) an organic aluminum  compound as 

main components.  Here, a compound represented by t he general formula 

(VII) is used as the organic aluminum compound as t he component 

(C). 

 (R 20) vAlQ 3-v    ··· (VII) 

(In the formula, R 20 represents an alkyl group having 1 to 10 carbon 

atoms, Q represents a hydrogen atom, an alkoxy grou p having 1 to 

20 carbon atoms, an aryl group having 6 to 20 carbo n atoms, or a 

halogen atom, and v represents an integer of 1 to 3 .) 

[0039] Specific examples of the compound represente d by the 

general formula (VII) include trimethylaluminum, tr iethylaluminum, 

triisopropylaluminum, triisobutylaluminum, dimethyl aluminum 

chloride, diethylaluminum chloride, methylaluminum dichloride, 

ethylaluminum dichloride, dimethylaluminum fluoride , 

diisobutylaluminum hydride, diethylaluminum hydride , and 

ethylaluminum sesquichloride.  Those organic alumin um compounds may 

be used alone, or two or more kinds thereof may be used in combination.  

[Example 6]         212 g of a colorless, transparent liquid were obtained in the same manner as in
Example 5 except that the polymeri z ation temperature was changed to 88C. Table 1 shows the
results obtained by the above analysis methods. [0069][Example 7]        90 g of a colorless,
transparent liquid were obtained in the same manner as in Example 1 except that
(1,1'-dimethylsilylene) (2,2'-isopropylidene)-bis(cyclopentadie nyl)zirconium dichloride obtained in
Production Example 2 was used instead of (1,1'-dimethylsilylene)
(2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride. Table 1 shows the results obtained
by the above analysis methods. [Example 8]         69 g of a colorless, transparent liquid were obtained
in the same manner as in Example 7exceptthatthepolymerizationtemperature was changed to 80C.
Table 1 shows the results obtained by the above analysis methods. [Example 9]        81 g of a
colorless, transparent liquid were obtained in the same manner as in Example 4 except that
(1,1'-dimethylsilylene) (2,2'-isopropylidene)-bis(cyclopentadie nyl)zirconium dichloride obtained in
Production Example 2 was used instead of (1,1'-dimethylsilylene)
(2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride, and the polymerization temperature
was changed to 80C. Table 1 shows the results obtained by the above analysis methods.
[0070][Comparative Example 1]        65 g of a colorless, transparent liquid were obtained in the same
manner as in Example 1 except that bis(cyclopentadienyl)zirconium dichloride was used instead of
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride. Table 2 shows
the results obtained by the above analysis methods. [Comparative Example 2]         103 g of a
colorless, transparent liquid were obtained in the same manner as in Comparative Example 1 except
that the polymerization temperature was changed to 50C, and the usage of hydrogen was changed to
0.02 MPa. Table 2 shows the results obtained by the above analysis methods. [Comparative Example
3]         40 g of a colorless, transparent liquid were obtained in the same manner as in Example 1
except that bis (pentamethylcyclopentadienyl) zirconium dichloride was used instead of (1,1 '
-dimethylsilylene ) (2,2 ' -dimethylsilylene ) -bis (cyclopentad ienyl) zirconium dichloride . Table 2
shows the results obtained by the above analysis methods. [Comparative Example 4]         96 g of a
colorless, transparent liquid were obtained in the same manner as in Comparative Example 3 except
that the polymerization temperature was changed to 50C, and the usage of hydrogen was changed to
0.02 MPa. Table 2 shows the results obtained by the above analysis methods. 
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A usage ratio between the components (A) and (C) is  preferably 1:1 

to 1:10,000, more preferably 1:5 to 1:2,000, or sti ll more preferably 

1:10 to 1:1,000 in terms of a molar ratio.  The use  of the component 

(C) can improve activity per transition metal.  How ever, an 

excessively large amount of the organic aluminum co mpound is not 

preferred because the organic aluminum compound was tes, and remains 

in a large amount in the α-olefin polymer. 

[0040] In the present invention, at least one kind of catalyst 

component can be used in a state of being carried b y a proper carrier.  

The kind of the carrier is not particularly limited , and any one 

of an inorganic oxide carrier, an inorganic carrier  except the 

foregoing, and an organic carrier can be used.  The  inorganic oxide 

carrier or the inorganic carrier except the foregoi ng is particularly 

preferred in terms of morphology control. 

[0041] Specific examples of the inorganic oxide car rier include 

SiO 2, Al 2O3, MgO, ZrO 2, TiO 2, Fe 2O3, B 2O3, CaO, ZnO, BaO, and ThO 2, 

and mixtures of them such as silica alumina, zeolit e, ferrite, and 

glass fibers.  Of those, SiO 2 and Al 2O3 are particularly preferred.  

It should be noted that the above inorganic oxide c arrier may contain 

a small amount of, for example, a carbonate, nitrat e, or sulfate.  

Meanwhile, examples of the carrier except the foreg oing include 

magnesium compounds represented by a general formul a "Mg(R 21) aXb" 

typified by, for example, magnesium compounds such as MgCl 2 and 

Mg(OC2H5) 2, and complex salts of the compounds.  Here, R 21 represents 

[Comparative Example 5]         43 g of a colorless, transparent liquid were obtained in the same
manner as in Example 1 except that bis (n-butylcyclopentadienyl) zirconium dichloride was used
instead of  (1,1'-dimethylsilylene) (2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride.
Table 2 shows the results obtained by the above analysis methods. [0071][Comparative Example 6]
100 g of a colorless, transparent liquid were obtained in the same manner as in Example 1 except that
rac(ethylidene)-bis(1-indenyl)zirconium dichloride was used instead of (1,1'-dimethylsilylene)
(2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride. Table 2 shows the results obtained
by the above analysis methods. [Comparative Example 7]         107 g of a colorless, transparent liquid
were obtained in the same manner as in Example 1 except that
(ethylidene)-bis(2-methy1-4-phenylindenyl)zirconium dichloride was used instead of
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride, and the
polymerization temperature was changed to 80C. Table 2 shows the results obtained by the above
analysis methods. [Comparative Example 8]         38 g of a colorless, transparent liquid were obtained
in the samemannerasinExample1exceptthat diphenylmethylidene-cyclopentadienylfluorenylzirconium
dichloride was used, the polymerization temperature was changed to 90C, and the usage of hydrogen
was changed to 0.8 MPa. Table 2 shows the results obtained by the above analysis methods.
[Comparative Example 9]         112 g of a colorless, transparent liquid were obtained in the same
manner as in Example 1 except that (1,2'-dimethylsilylene) (2,1'-dimethylsilylene)-bis(indenyl)zir
conium dichloride was used instead of (1,1'-dimethylsilylene) (2,2'-dimethylsilylene)-bis(cyclopentad
ienyl)zirconium dichloride, the polymerization temperature was changed to 70C, and the usage of
hydrogen was changed to 0.5 MPa. Table 2 shows the results obtained by the above analysis
methods.  Example  cn PI  
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an alkyl group having 1 to 20 carbon atoms, an alko xy group having 

1 to 20 carbon atoms, or an aryl group having 6 to 20 carbon atoms, 

X represents a halogen atom or an alkyl group havin g 1 to 20 carbon 

atoms, a represents 0 to 2, b represents 0 to 2, an d a+b=2.  The 

respective R 21's or the respective X's may be identical to or dif ferent 

from each other. 

[0042] In addition, examples of the organic carrier  include: 

polymers such as a polystyrene, a styrene-divinylbe nzene copolymer, 

a polyethylene, a polypropylene, a substituted poly styrene, and 

a polyallylate; starch; and carbon.  The carrier us ed in the present 

invention is preferably, for example, MgCl 2, MgCl(OC 2H5), Mg(OC 2H5) 2, 

SiO 2, or Al 2O3.  Although the properties of the carrier vary depe nding 

on the kind of, and a production process for, the c arrier, the carrier 

has an average particle diameter of typically 1 to 300 µm, preferably 

10 to 200 µm, or more preferably 20 to 100 µm.  When the particle 

diameter is small, the amount of a fine powder in t he α-olefin polymer 

increases.  When the particle diameter is large, th e amount of coarse 

particles in the α-olefin polymer increases to be responsible for 

a reduction in bulk density or the clogging of a ho pper.  In addition, 

the carrier has a specific surface area of typicall y 1 to 1,000 

m2/g or preferably 50 to 500 m 2/g and a pore volume of typically 

0.1 to 5 cm 3/g or preferably 0.3 to 3 cm 3/g.  When one of the specific 

surface area and the pore volume deviates from the above range, 

the activity of the catalyst may reduce.  It should  be noted that 
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the specific surface area and the pore volume can e ach be determined 

from, for example, the volume of a nitrogen gas ads orbed in accordance 

with a BET method (see "J. Am. Chem. Soc., 60, 309 (1983)").  Further, 

the above carrier is desirably used after having be en baked at 

typically 150 to 1,000°C or preferably 200 to 800°C . 

[0043] When the carrier is caused to carry at least  one kind 

of catalyst component, the carrier is desirably cau sed to carry 

at least one of the components (A) and (B), or pref erably both of 

the components (A) and (B).  Although a method of c ausing the carrier 

to carry at least one of the components (A) and (B)  is not particularly 

limited, available is, for example, a method involv ing mixing at 

least one of the components (A) and (B), and the ca rrier, a method 

involving treating the carrier with an organic alum inum compound 

or a halogen-containing silicon compound and mixing  the treated 

product with at least one of the components (A) and  (B) in an inert 

solvent, a method involving causing the carrier, th e component (A) 

and/or the component (B), and the organic aluminum compound or the 

halogen-containing silicon compound to react with o ne another, a 

method involving causing the carrier to carry the c omponent (A) 

or (B) and mixing the resultant with the component (B) or (A), a 

method involving mixing a product obtained by a con tact reaction 

between the components (A) and (B) with the carrier , or a method 

involving causing the carrier to coexist at the tim e of a contact 

reaction between the components (A) and (B).  It sh ould be noted 

co cci  OEM  003  S0'0  08  69  -CST  3P  8TE  88T  S'LP- E8T 1Z  889'S  I19.3  EE  



 26 

that the organic aluminum compound as the component  (C) can also 

be added in any one of the above reactions. 

[0044] The catalyst thus obtained may be used in po lymerization 

after having been extracted as a solid through the removal of a 

solvent by distillation, or may be used in the poly merization as 

it is.  In addition, in the present invention, the catalyst can be 

produced by performing the operation of causing the  carrier to carry 

at least one of the components (A) and (B) in a pol ymerization system.  

Available is, for example, a method involving addin g at least one 

of the components (A) and (B), and the carrier, and  as required, 

the organic aluminum compound as the component (C),  adding, to the 

mixture, an olefin such as ethylene at normal press ure to 2 MPa, 

and subjecting the resultant mixture to preliminary  polymerization 

at -20 to 200°C for about 1 minute to 2 hours, to t hereby produce 

catalyst particles. 

[0045] In the present invention, it is desired that  a usage 

ratio between the component (b-1) and the carrier b e preferably 

1:0.5 to 1:1,000 or more preferably 1:1 to 1:50 in terms of a mass 

ratio, and a usage ratio between the component (b-2 ) and the carrier 

be preferably 1:5 to 1:10,000 or more preferably 1: 10 to 1:500 in 

terms of a mass ratio.  When two or more kinds of c atalyst components 

(B) are used as a mixture, a usage ratio between ea ch of the components 

(B) and the carrier desirably falls within the abov e range in terms 

of a mass ratio.  In addition, it is desired that a  usage ratio between 
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the component (A) and the carrier be preferably 1:5  to 1:10,000 

or more preferably 1:10 to 1:500 in terms of a mass  ratio.  In addition, 

the catalyst in the present invention may contain t he components 

(A), (B), and (C) as main components.  A usage rati o between the 

component (B) and the carrier, and a usage ratio be tween the component 

(A) and the carrier each desirably fall within the above range in 

terms of a mass ratio.  As described above, a molar  ratio of the 

amount of the component (C) in this case to the amo unt of the component 

(A) is preferably 1:1 to 1:10,000, more preferably 1:5 to 1:2,000, 

or still more preferably 1:10 to 1:1,000.  When the  usage ratio 

between the component (B) (the component (b-1) or t he component 

(b-2)) and the carrier, the usage ratio between the  component (A) 

and the carrier, or the usage ratio between the com ponent (C) and 

the component (A) deviates from the above range, th e activity may 

reduce.  The catalyst of the present invention thus  prepared has 

an average particle diameter of typically 2 to 200 µm, preferably 

10 to 150 µm, or particularly preferably 20 to 100 µm and a specific 

surface area of typically 20 to 1,000 m 2/g or preferably 50 to 500 

m2/g.  When the average particle diameter is less tha n 2 µm, the 

amount of a fine powder in the polymer may increase .  When the average 

particle diameter exceeds 200 µm, the amount of coarse particles 

in the polymer may increase.  When the specific sur face area is less 

than 20 m 2/g, the activity may reduce.  When the specific sur face 

area exceeds 1,000 m 2/g, the bulk density of the polymer may reduce.  
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In addition, a transition metal amount in 100 g of the carrier in 

the catalyst of the present invention is typically 0.05 to 10 g 

or particularly preferably 0.1 to 2 g.  When the tr ansition metal 

amount deviates from the above range, the activity may reduce.  As 

described above, an industrially advantageous produ ction method 

can be obtained by causing the carrier to carry at least one kind 

of the catalyst components. 

[0046] One kind or more of α-olefins having 6 to 20 carbon atoms 

are used as raw material monomers in the polymeriza tion step in 

the method of producing an α-olefin polymer of the present invention.  

Examples of the α-olefins having 6 to 20 carbon atoms include 1-hexe ne, 

4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene, 

1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene,  1-pentadecene, 

1-hexadecene, 1-heptadecene, 1-octadecene, 1-nonade cene, and 

1-eicosene, and one kind or two or more kinds there of are used.  

Of those, more preferred are α-olefins having 6 or more to 14 or 

less carbon atoms, and particularly preferred are α-olefins having 

8 or more to 12 or less carbon atoms, which are eas ily obtainable 

and inexpensive. 

[0047] In the present invention, a polymerization m ethod is 

not particularly limited, and any one of the method s including a 

bulk polymerization method, a solution polymerizati on method, a 

suspension polymerization method, a slurry polymeri zation method, 

and a vapor phase polymerization method may be empl oyed.  With regard 
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to polymerization conditions, a polymerization temp erature is 

typically 0 to 200°C, preferably 30 to 150°C, or mo re preferably 

40 to 120°C.  In addition, a usage ratio of the cat alyst to a raw 

material monomer is such that a molar ratio "raw ma terial monomer/the 

above component (A)" is preferably 1 to 10 8 or particularly preferably 

100 to 10 5.  Further, a polymerization time is typically 5 mi nutes 

to 20 hours, and a reaction pressure is preferably normal pressure 

to 0.2 MPaG or particularly preferably normal press ure to 0.1 MPaG. 

[0048] In the production method of the present inve ntion, 

polymerization is preferably performed without a so lvent from the 

viewpoint of productivity, but a solvent may be use d.  In the case 

of using a solvent, examples of the solvent which m ay be used include: 

aromatic hydrocarbons such as benzene, toluene, xyl ene, and 

ethylbenzene; alicyclic hydrocarbons such as cyclop entane, 

cyclohexane, and methylcyclohexane; aliphatic hydro carbons such 

as pentane, hexane, heptane, and octane; and haloge nated 

hydrocarbons such as chloroform and dichloromethane .  One kind of 

solvent may be used alone or two or more kinds ther eof may be used 

in combination.  In addition, a monomer such as 1-b utene may also 

be used as the solvent. 

[0049] In the production method of the present inve ntion, the 

activity is improved by adding hydrogen upon polyme rization of an 

α-olefin having 6 to 20 carbon atoms.  When hydrogen  is used, its 

pressure is typically 0.2 MPaG or less, preferably 0.001 to 0.1 
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MPaG, or more preferably 0.01 to 0.1 MPaG. 

[0050] In the present invention, preliminary polyme rization 

can be performed by using the catalyst for polymeri zation.  The 

preliminary polymerization can be performed by brin ging, for example, 

a small amount of an olefin into contact with the c atalyst components.  

However, a method for the preliminary polymerizatio n is not 

particularly limited, and a known method can be emp loyed.  The olefin 

used in the preliminary polymerization is not parti cularly limited, 

and examples of the olefin include ethylene, an α-olefin having 

3 to 20 carbon atoms, and mixtures of them.  It is advantageous to 

use the same olefin as the monomer used in the poly merization.  In 

addition, a temperature for the preliminary polymer ization is 

typically -20 to 200°C, preferably -10 to 130°C, or  more preferably 

0 to 80°C.  In the preliminary polymerization, an i nert hydrocarbon, 

an aliphatic hydrocarbon, an aromatic hydrocarbon, a monomer, or 

the like can be used as a solvent.  Of those, the a liphatic hydrocarbon 

is particularly preferred.  Alternatively, the prel iminary 

polymerization may be performed in the absence of a ny solvent.  

Conditions for the preliminary polymerization are p referably 

adjusted so that the amount of a preliminary polyme rization product 

with respect to 1 mmol of a transition metal compon ent in the catalyst 

may be 1 to 10,000 g or particularly 1 to 1,000 g. 

[0051] A method of adjusting the molecular weight o f the polymer 

in the production method of the present invention i s, for example, 
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a method involving selecting the kinds and usages o f the respective 

catalyst components, and a polymerization temperatu re, a method 

involving adding hydrogen, or a method involving ad ding an inert 

gas such as nitrogen. 

[0052] When the α-olefin polymer is used in a lubricating oil, 

α-olefin-based compounds each having 24 or less carb on atoms (an 

α-olefin and an α-olefin oligomer) are preferably removed after 

the above polymerizing step.  A method for the remo val is, for example, 

a method involving performing distillation under re duced pressure. 

 In addition, subjecting the α-olefin polymer to a hydrogenation 

treatment to produce a hydrogenated α-olefin polymer is preferred 

from the viewpoint of an improvement in the stabili ty.  A method 

for the hydrogenation is not particularly limited, and a known method 

can be employed. 

[0053] The employment of the production method of t he present 

invention can produce an α-olefin polymer having a viscosity suitable 

for use in a lubricating oil on an industrial scale  with ease.  Further, 

the control of the reaction conditions such as the adjustment of 

the reaction temperature can widely change the char acteristics of 

the product. 

 It should be noted that the above phrase "produce on an 

industrial scale with ease" means, for example, tha t the usage and 

compression force of hydrogen may be small, that a reaction 

temperature which is relatively moderate and easy t o control is 
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adopted, or that the step of dilution with an inert  solvent is not 

needed. 

[0054] [ α-olefin polymer] 

 An α-olefin polymer of the present invention is an α-olefin 

polymer obtained by the above production method, an d preferably 

has a kinematic viscosity at 100°C measured in conf ormity with JIS 

K 2283 of 20 to 1,000 mm 2/s.  When the kinematic viscosity at 100°C 

falls within the above range, the polymer can be su itably used as 

a high-viscosity lubricating oil component.  From t he foregoing 

viewpoint, the kinematic viscosity at 100°C is more  preferably 25 

to 800 mm 2/s or particularly preferably 30 to 700 mm 2/s. 

[0055] The α-olefin polymer of the present invention has a 

number-average molecular weight of typically 1,500 to 10,000, 

preferably 1,800 to 8,000, or more preferably 2,000  to 7,000 and 

a molecular weight distribution (Mw/Mn) of typicall y 1.5 to 4.  Those 

values can be determined by gel permeation chromato graphy. 

[0056] The α-olefin polymer of the present invention is such 

that its α-olefin unit sequence portion has an isotacticity o f 

typically 20 to 40% or preferably 25 to 35% and a s yndiotacticity 

of typically 40% or less or preferably 15 to 35% in  terms of triad 

expression.  The polymer shows a good low-temperatu re 

characteristic when the polymer satisfies the above  

stereoregularity. 

[0057] The α-olefin polymer of the present invention is 
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characterized in that the polymer has a lower pour point and a higher 

viscosity index than those of a polymer obtained by  a conventional 

production method.  For example, an α-olefin polymer having a 

kinematic viscosity at 100°C of about 40 mm 2/s has a pour point of 

-45°C or lower and a viscosity index (VI) of 170 or  more in ordinary 

cases.  In addition, an α-olefin polymer having a kinematic viscosity 

at 100°C of about 100 mm 2/s has a pour point of -40°C or lower and 

a viscosity index (VI) of 190 or more in ordinary c ases. 

[0058] [Lubricating oil composition] 

 A lubricating oil composition of the present inven tion contains 

the α-olefin polymer and/or the hydrogenated α-olefin polymer, and 

typically contains those polymers at a content of 0 .01 to 100 mass% 

with reference to the total amount of the compositi on. 

 The manner in which the α-olefin polymer or the hydrogenated 

α-olefin polymer is used in the lubricating oil comp osition of the 

present invention is not particularly limited, and any such polymer 

may be used as a base oil, or may be used as an add itive.  When any 

such polymer is used as a base oil, the polymer to be used can be 

selected from a wide range from a polymer having a low molecular 

weight to a polymer having a high molecular weight.   When any such 

polymer is used as a base oil, the polymer may be u sed alone, or 

may be used as a mixture with any other base oil.  Although a ratio 

of the mixture is not particularly limited, the rat io is typically 

1 to 100 mass% with reference to the total amount o f the composition.  

VSZ  TE  IGE OE   4  OVN 006 scoI 09I 88 61 95 03P ZOZ 



 34 

When any such polymer is used as an additive, the p olymer is utilized 

as, for example, a viscosity index improver.  In th is case, an 

α-olefin polymer having a relatively high molecular weight is 

preferably used.  The α-olefin polymer having a high molecular weight 

is, for example, a polymer having a number-average molecular weight 

in excess of 5,000.  In addition, the polymer is ty pically added 

at a content of 0.01 to 33 mass% with reference to the total amount 

of the composition. 

[0059] Any one of the various known additives can b e 

appropriately blended into the lubricating oil comp osition of the 

present invention to such an extent that the object  of the present 

invention is not inhibited.  Examples of the additi ve include: a 

phosphorus-based extreme pressure agent such as a p hosphoric acid 

ester and a phosphorous acid ester; an oiliness age nt including 

a carboxylic acid such as oleic acid, stearic acid,  and dimer acid, 

and esters thereof; an anti-wear agent such as zinc  dithiophosphate 

(ZnDTP, excluding an aryl type), zinc dithiocarbama te (ZnDTC), 

oxymolybdenum dithiocarbamate sulfide (MoDTC), nick el 

dithiophosphate (NiDTP), and nickel dithiocarbamate  (NiDTC); 

amine-based and phenol-based antioxidants; a metal deactivator such 

as thiadiazole and benzotriazole; a sludge dispersi ng agent such 

as an alkenyl succinic acid and esters and imides t hereof; a rust 

inhibitor such as a sorbitan ester and a sulfonate,  a phenate, and 

a salicylate of neutral alkaline earth metals; and a deformer such 

5' LP - ezs tz  80E'L  68'3 63   PZ  Transition metal compound: kind  I Transition metal compound:
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as dimethylpolysiloxane and polyacrylate. 

[0060] The application of the lubricating oil compo sition of 

the present invention is not particularly limited, and the 

lubricating oil composition may be used as an inter nal combustion 

engine oil such as a gasoline engine oil (2 cycles and 4 cycles) 

or a diesel engine oil, a drive system oil such as a gear oil, ATF 

(automatic transmission fluid), PSF (power steering  fluid), or a 

buffer oil, an equipment oil such as a chassis oil,  a turbine oil, 

an operating oil, a machine tool oil, or a refriger ator oil, a 

processing oil such as a rolling oil, a cutting and  grinding oil, 

or a heat treatment oil, grease, or the like. 

Examples 

[0061] Next, the present invention is described in more detail 

with reference to examples, but the present inventi on is not limited 

thereto. 

[0062] An α-olefin polymer was evaluated for its physical 

properties by the following methods. 

(1) Pour point 

 Measurement was performed in conformity with JIS K  2269. 

(2) Kinematic viscosity and viscosity index 

 A kinematic viscosity was measured in conformity w ith JIS K 

2283.  A viscosity index was determined from the ki nematic viscosity 

through a calculation in conformity with JIS K 2283 . 

(3) Number-average molecular weight and molecular w eight 

Kinematic viscosity at 100C (mm2/s)  Kinematic viscosity at 400C (mm2/s)  Viscosity index  Pour point
(C)  Number-average molecular weight  Weight-average molecular weight  Molecular weight
distribution: Mw/Mn  Stereoregularity: mm (mol%)  (%pm) am :AqTasinbaJosaaqs Stereoregularity: rr
(mol%)  Reaction conditions     
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distribution (Mw/Mn) 

 Determination was performed with a GPC-900 manufac tured by 

JASCO Corporation (column; TOSOH TSK-GEL MULTIPORE HXL-M 

(two)+Shodex KF801 (one)) and tetrahydrofuran as a solvent at a 

temperature of 23°C in terms of polystyrene. 

(4) Stereoregularity, terminal structure, and branc hed structure 

 Determination was performed by employing 13C-NMR according 

to the method described in [Macromolecules 24, 2334  (1991); Polymer, 

30, 1350 (1989)]. 

[0063] [Production Example 1] Synthesis of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride 

 About 13.8 g (600 mmol) of metal Na and 400 ml of dry 

tetrahydrofuran (THF) were loaded into a 1,000-ml t hree-necked flask 

replaced with nitrogen, and the mixture was stirred  at 0°C.  5 minutes 

after that, 1 to 2 ml of cyclopentadiene were dropp ed to the mixture.  

Once the generation of hydrogen stopped, 1 to 2 ml of cyclopentadiene 

were newly added to the resultant mixture.  The abo ve operation was 

repeated until a total of 50 ml (600 mmol) of cyclo pentadiene were 

added.  The reaction solution changed from a colorl ess, transparent 

one to an incarnadine one.  After THF had been remo ved by distillation 

under reduced pressure, the resultant crystal was w ashed with hexane 

twice and solidified by drying under reduced pressu re.  As a result, 

cyclopentadienyl sodium as a pink powder was obtain ed. 

Comparative Example 1  OH  OVIAI  00Z  50  OL  
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 457 ml of THF were added to 43.0 g (480 mmol) of c yclopentadienyl 

sodium at 0°C, and the mixture was stirred.  The mi xture was cooled 

to -78°C, and 29.2 ml (480 mmol) of dichlorodimethy lsilane were 

slowly dropped to the solution.  The solution chang ed from a pink 

one to a white one.  After the solution had been st irred at room 

temperature overnight, THF was removed by distillat ion.  As a result, 

a yellow powder [Compound (1)] was obtained. 

 Compound (1) was extracted with 150 ml of hexane, and the 

supernatant was transferred to a 1,000-ml three-nec ked flask 

replaced with nitrogen.  After the supernatant had been cooled to 

-78°C, 175.8 ml (480 mmol) of n-butyllithium (2.73 mol/l) were dropped 

to the supernatant.  The reaction solution changed from a yellow 

one to an opaque one.  After the solution had been stirred at room 

temperature overnight, the supernatant was removed by distillation 

through filtration.  The resultant white solid was washed with 100 

ml of hexane.  The washed product was dried under r educed pressure.  

As a result, a dilithium salt [Compound (2)] as a w hite powder was 

obtained. 

 50 ml of diethyl ether and 100 ml of hexane were a dded to 27.4 

g (137 mmol) of Compound (2).  After the mixture ha d been cooled 

to -78°C, 16.7 ml (137 mmol) of dichlorodimethylsil ane were slowly 

dropped to the mixture.  After the resultant mixtur e had been stirred 

at room temperature for 5 hours, the precipitate wa s removed by 

filtration, and the filtrate was concentrated.  The n, 
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recrystallization from hexane was performed.  As a result, 4.05 g 

of Compound (3) as a needle-like transparent crysta l were obtained 

(in 12% yield). 

 In a 200-ml Schlenk flask replaced with nitrogen, 4.05 g (16.6 

mmol) of Compound (3) were dissolved in 60 ml of he xane, and the 

solution was stirred.  After the solution had been cooled to -78°C, 

12.1 ml (33.1 mmol) of n-butyllithium (2.73 mol/l) were dropped 

to the solution, and the mixture was stirred at roo m temperature 

overnight.  After the solvent of the opaque solutio n had been removed 

by distillation under reduced pressure, the precipi tate was washed 

with 20 ml of hexane.  The washed product was dried  under reduced 

pressure.  As a result, a dilithium salt [Compound (4)] as a white 

powder was obtained. 

[0064] 34 ml of toluene were added to Compound (4).   A suspension 

of 3.9 g (16.6 mmol) of zirconium tetrachloride in 51 ml of toluene 

was dropped to the above suspension at -20°C.  Afte r the mixture 

had been stirred at room temperature overnight, the  solvent was 

removed by distillation under reduced pressure.  As  a result, a target 

product [Compound (5)] was obtained.  Compound (5) was extracted 

with 30 ml of dichloromethane, and the filtrate was  concentrated.  

The concentrated product was washed with 10 ml of h exane, and was 

then dried under reduced pressure.  As a result, 50 0 mg of Compound 

(5) were obtained (in 7.4% yield).  The determinati on of the 1H-NMR 

of the compound provided the following results. 

00Z  80  06  8E  8  L55  9TT '9  8PZ  53 -  66P 'L  TPO'LT  LUZ  LT  65  53   
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1H-NMR (500 MHz, CDCl 3) δ: 0.49 [6H, s, (CH 3) 2Si], 0.87  [6H, s, (CH 3) 2Si], 

6.40 (2H, t, -CH-), 6.89 (4H, d, -CH-). 

[0065] [Production Example 2] Synthesis of 

(1,1'-dimethylsilylene)(2,2'-isopropylidene)-bis(cy clopentadie

nyl)zirconium dichloride 

 100 ml of THF were added to 12.8 g (143 mmol) of c yclopentadienyl 

sodium at 0°C, and the mixture was stirred.  After the solution had 

been cooled to -78°C, 50 ml of a solution of 17.3 m l (143 mmol) 

of 6,6-dimethylfulvene in THF was dropped to the so lution.  The 

reaction solution showed a deep orange color, and b ecame slightly 

turbid.  After having been stirred at room temperat ure for 3 hours, 

the reaction solution was hydrolyzed with 100 ml of  water.  After 

the solvent had been removed by distillation under reduced pressure, 

the remainder was separated with water and hexane, and the organic 

layer was dried with anhydrous magnesium sulfate.  The solvent was 

removed by distillation, and the remainder was dist illed under 

reduced pressure (30°C/10.6 Pa).  As a result, 4.66  g of Compound 

(6) were obtained (in 18.9% yield). 

 In a 200-ml Schlenk flask replaced with nitrogen, 4.66 g (27.0 

mmol) of Compound (6) were dissolved in 50 ml of TH F, and the solution 

was stirred.  After the solution had been cooled to  -78°C, 19.8 ml 

(54.0 mmol) of n-butyllithium (2.73 mol/l) were dro pped to the 

solution, and the mixture was stirred at room tempe rature overnight.  

After the mixture had been cooled to -78°C again, a  solution of 
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3.3 ml (27.0 mmol) of dichlorodimethylsilane in 21 ml of THF was 

dropped to the mixture over 30 minutes.  After havi ng been stirred 

at room temperature overnight, the reaction solutio n changed from 

an opaque one to a yellow one.  The precipitate was  removed by 

filtration, and the filtrate was concentrated.  The  resultant yellow 

oily matter was distilled under reduced pressure (3 5 to 45°C/7.98 

Pa).  As a result, 1.0 g of Compound (7) was obtain ed (in 16.2% yield). 

 In a 200-ml Schlenk flask replaced with nitrogen, 1.0 g (4.38 

mmol) of Compound (7) was dissolved in 41 ml of hex ane, and the 

solution was stirred.  After the solution had been cooled to -78°C, 

3.20 ml (8.76 mmol) of n-butyllithium (2.73 mol/l) were dropped 

to the solution, and the mixture was stirred at roo m temperature 

overnight.  After the solvent of the opaque solutio n had been removed 

by distillation under reduced pressure, the precipi tate was washed 

with 10 ml of hexane.  The washed product was dried  under reduced 

pressure.  As a result, a dilithium salt [Compound (8)] as a white 

powder was obtained. 

[0066] 14 ml of toluene were added to Compound (8).   A suspension 

of 1.02 g (4.38 mmol) of zirconium tetrachloride in  14 ml of toluene 

was dropped to the above suspension at -20°C.  Afte r the mixture 

had been stirred at room temperature overnight, the  solvent was 

removed by distillation under reduced pressure.  As  a result, a target 

product [Compound (9)] was obtained.  Compound (9) was extracted 

with 20 ml of dichloromethane, and the filtrate was  concentrated.  

I  w Ix,  OVIAI  003  500  09  OOT  6TZ  66P  9TT '9  L9Z  9T- 888'8  968 'ST  
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The concentrated product was washed with 10 ml of h exane, and was 

then dried under reduced pressure.  As a result, 14 0 mg of Compound 

(9) were obtained (in 8.2% yield).  The determinati on of the 1H-NMR 

of the compound provided the following results. 

1H-NMR (500 MHz, CDCl 3) δ: 0.45 [3H, s,  (CH3) 2Si], 0.91 [3H, s, (CH 3) 2Si], 

1.43 [3H, s, (CH 3)C], 2.06  [3H, s, (CH 3)C], 6.06 (2H, m, -CH-), 6.44 

(2H, m, -CH-), 6.72 (2H, m,  -CH-). 

[0067] [Example 1] 

 A stainless autoclave having an internal volume of  1 l was 

sufficiently dried and replaced with nitrogen.  Aft er that, 200 ml 

of 1-decene were charged into the autoclave, and th e temperature 

of the mixture was increased to 60°C.  After 0.5 mm ol of 

methylaluminoxane (2.0-mmol/ml toluene solution; 0. 25 ml) was loaded 

into the autoclave, loaded were 5 µmol of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride obtained in Production E xample 1 

(5- µmol/ml toluene solution; 1 ml).  After that, hydrog en was 

immediately introduced into the autoclave to attain  0.05 MPaG, and 

polymerization was initiated. 

 120 minutes after that, 10 ml of methanol were add ed to the 

resultant so that the polymerization might be stopp ed.  The contents 

were taken out and added to 200 ml of a 1-mol/l hyd rochloric acid.  

Then, the mixture was stirred.  The solution was tr ansferred to a 

separating funnel, and the organic layer was fracti onated.  After 
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that, the organic layer was washed with water, and the solid matter 

of the organic layer was removed with a filter pape r 2C manufactured 

by Toyo Roshi Kaisha, Ltd.  Heptane, the raw materi als, methanol, 

and the like were removed by distillation from the resultant solution 

with a rotary evaporator (under a reduced pressure of about 1.0×10 -4  

MPa in an oil bath at 100°C).  As a result, 88 g of  a colorless, 

transparent liquid were obtained.  Table 1 shows th e results obtained 

by the above analysis methods. 

[0068] [Example 2] 

 111 g of a colorless, transparent liquid were obta ined in the 

same manner as in Example 1 except that the polymer ization temperature 

was changed to 70°C.  Table 1 shows the results obt ained by the above 

analysis methods. 

[Example 3] 

 61 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Example 1 except that the polymer ization temperature 

was changed to 50°C.  Table 1 shows the results obt ained by the above 

analysis methods. 

[Example 4] 

 61 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Example 1 except that 0.5 mmol of  triisobutylaluminum 

and 0.01 mmol of N,N-dimethylanilinium 

tetrakis(pentafluorophenyl)borate were used instead  of 

methylaluminoxane.  Table 1 shows the results obtai ned by the above 

OS- TE9 'T  SET iT7  PS  8E  I I   0  0114  003  300  OS  96  TTZ  
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analysis methods. 

[Example 5] 

 230 g of a colorless, transparent liquid were obta ined in the 

same manner as in Example 4 except that 400 ml of 1 -decene, 1.0 

mmol of triisobutylaluminum, 0.02 mmol of N,N-dimet hylanilinium 

tetrakis(pentafluorophenyl)borate, and 10 µmol of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride were used, the polymeriz ation 

temperature was changed to 100°C, and the reaction time was changed 

to 240 minutes.  Table 1 shows the results obtained  by the above 

analysis methods. 

[Example 6] 

 212 g of a colorless, transparent liquid were obta ined in the 

same manner as in Example 5 except that the polymer ization temperature 

was changed to 88°C.  Table 1 shows the results obt ained by the above 

analysis methods. 

[0069] [Example 7] 

 90 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Example 1 except that 

(1,1'-dimethylsilylene)(2,2'-isopropylidene)-bis(cy clopentadie

nyl)zirconium dichloride obtained in Production Exa mple 2 was used 

instead of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride.  Table 1 shows the resu lts obtained by 
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the above analysis methods. 

[Example 8] 

 69 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Example 7 except that the polymer ization temperature 

was changed to 80°C.  Table 1 shows the results obt ained by the above 

analysis methods. 

[Example 9] 

 81 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Example 4 except that 

(1,1'-dimethylsilylene)(2,2'-isopropylidene)-bis(cy clopentadie

nyl)zirconium dichloride obtained in Production Exa mple 2 was used 

instead of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride, and the polymerization temperature was 

changed to 80°C.  Table 1 shows the results obtaine d by the above 

analysis methods. 

[0070] [Comparative Example 1] 

 65 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Example 1 except that 

bis(cyclopentadienyl)zirconium dichloride was used instead of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride.  Table 2 shows the resu lts obtained by 

the above analysis methods. 

[Comparative Example 2] 
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 103 g of a colorless, transparent liquid were obta ined in the 

same manner as in Comparative Example 1 except that  the polymerization 

temperature was changed to 50°C, and the usage of h ydrogen was changed 

to 0.02 MPa.  Table 2 shows the results obtained by  the above analysis 

methods. 

[Comparative Example 3] 

 40 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Example 1 except that 

bis(pentamethylcyclopentadienyl)zirconium dichlorid e was used 

instead of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride.  Table 2 shows the resu lts obtained by 

the above analysis methods. 

[Comparative Example 4] 

 96 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Comparative Example 3 except that  the polymerization 

temperature was changed to 50°C, and the usage of h ydrogen was changed 

to 0.02 MPa.  Table 2 shows the results obtained by  the above analysis 

methods. 

[Comparative Example 5] 

 43 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Example 1 except that 

bis(n-butylcyclopentadienyl)zirconium dichloride wa s used instead 

of 

(NW  003 30'0  OS  LOT  9ZZ  PZ 65T  E8T  S  ZS -  5P8 'T  L30 'T  8T' Z  LE I I  



 46 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride.  Table 2 shows the resu lts obtained by 

the above analysis methods. 

[0071] [Comparative Example 6] 

 100 g of a colorless, transparent liquid were obta ined in the 

same manner as in Example 1 except that 

rac(ethylidene)-bis(1-indenyl)zirconium dichloride was used 

instead of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride.  Table 2 shows the resu lts obtained by 

the above analysis methods. 

[Comparative Example 7] 

 107 g of a colorless, transparent liquid were obta ined in the 

same manner as in Example 1 except that 

(ethylidene)-bis(2 - methyl-4 - phenylindenyl)zirconium dichloride 

was used instead of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride, and the polymerization temperature was 

changed to 80°C.  Table 2 shows the results obtaine d by the above 

analysis methods. 

[Comparative Example 8] 

 38 g of a colorless, transparent liquid were obtai ned in the 

same manner as in Example 1 except that 

diphenylmethylidene-cyclopentadienylfluorenyl zirco nium 

rt 0  OVN  00Z 500 09 59 ET P' 8  84 ZST OS- SECT  PZO'E PPZ 9E 



 47 

dichloride was used, the polymerization temperature  was changed 

to 90°C, and the usage of hydrogen was changed to 0 .8 MPa.  Table 

2 shows the results obtained by the above analysis methods. 

[Comparative Example 9] 

 112 g of a colorless, transparent liquid were obta ined in the 

same manner as in Example 1 except that 

(1,2'-dimethylsilylene)(2,1'-dimethylsilylene) - bis(indenyl)zir

conium dichloride was used instead of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride, the polymerization temp erature was 

changed to 70°C, and the usage of hydrogen was chan ged to 0.5 MPa.  

Table 2 shows the results obtained by the above ana lysis methods. 

Transition metal compound: kind  Transition metal compound: usage (pmol)  Co-catalyst  Usage of
1-decene (ml)  Usage of H2 (MPaG)  Temperature (C)  1 Yield (g)  1 Activity (kg/gZr)  Kinematic
viscosity at 100C (mm2/s)  Kinematic viscosity at 40C (mm2/s)  Viscosity index  Pour point (C)
Number-average molecular weight  



Weight-average molecular weight  Molecular weight distribution: Mw/Mn  Stereoregularity: mm
(mol%)  Stereoregularity: mr (mol%)  1 Stereoregularity: rr (mol%)  Reaction conditions          



[0074]Items listed in Table 1 and Table 2 are described below. [Transition metal compound]
A:  (1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride B:
(1,1'-dimethylsilylene)(2,2'-isopropylidene)-bis(cyclopentadie nyl)zirconium dichloride C:
bis(cyclopentadienyl)zirconium dichloride D: bis(pentamethylcyclopentadienyl)zirconium
dichloride E: bis(n-butylcyclopentadienyl)zirconium dichloride F:
rac(ethylidene)-bis(1-indenyl)zirconium dichloride  G:
(ethylidene)-bis(2-methy1-4-phenylindenyl)zirconium dichloride  H:
diphenylmethylidene-cyclopentadienylfluorenylzirconium dichloride 
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[0074] Items listed in Table 1 and Table 2 are desc ribed below. 

[Transition metal compound] 

A: 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride 

B: 

(1,1'-dimethylsilylene)(2,2'-isopropylidene)-bis(cy clopentadie

nyl)zirconium dichloride 

C: bis(cyclopentadienyl)zirconium dichloride 

D: bis(pentamethylcyclopentadienyl)zirconium dichlo ride 

E: bis(n-butylcyclopentadienyl)zirconium dichloride  

F: rac(ethylidene)-bis(1-indenyl)zirconium dichlori de 

G: (ethylidene)-bis(2 - methyl-4 - phenylindenyl)zirconium 

dichloride 

H: diphenylmethylidene-cyclopentadienylfluorenyl zi rconium 

dichloride 

I: 

(1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(i ndenyl)zirc

onium dichloride 

[Co-catalyst] 

MAO: methylaluminoxane 

B1: N,N-dimethylanilinium tetrakis(pentafluoropheny l)borate 

TIBA: triisobutylaluminum 

[0075] As can be seen from Tables 1 and 2, polymers  showing 

(1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(indenyl)zirc onium dichloride [Co-catalyst] MAO:
methylaluminoxane Bl: N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate TIBA:
triisobutylaluminum [0075]As can be seen from Tables 1 and 2, polymers showing values for the
stereoregularity mm similar to those of the polymers of the examples have been obtained in
Comparative Examples 1 to 5 as well. However, as illustrated in Table 3 and FIG. 1, a-olefin polymers
each having a kinematic viscosity preferred for use in a lubricating oil (a kinematic viscosity at 100C of
20 to 1,000 mm2/S) can be freely produced by using the same transition metal compound and by
changing the co-catalyst or adjusting the reaction temperature within a moderate range in Examples 1
to 6, but polymers each having a characteristic preferred for use in a lubricating oil are hardly obtained
in Comparative Examples 1 to 5 when polymerization is performed in the same temperature range.     ;
1 )    eva  



 51 

values for the stereoregularity mm similar to those  of the polymers 

of the examples have been obtained in Comparative E xamples 1 to 

5 as well.  However, as illustrated in Table 3 and FIG. 1, α-olefin 

polymers each having a kinematic viscosity preferre d for use in 

a lubricating oil (a kinematic viscosity at 100°C o f 20 to 1,000 

mm2/s) can be freely produced by using the same transi tion metal 

compound and by changing the co-catalyst or adjusti ng the reaction 

temperature within a moderate range in Examples 1 t o 6, but polymers 

each having a characteristic preferred for use in a  lubricating 

oil are hardly obtained in Comparative Examples 1 t o 5 when 

polymerization is performed in the same temperature  range. 
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[0077] As can be seen from Tables 1 and 2, the α-olefin polymers 

of Comparative Examples 6 to 9 each show a kinemati c viscosity at 

100°C preferred for use in a lubricating oil.  Howe ver, the catalytic 

activity is low in Comparative Example 8.  In addit ion, the 

stereoregularity of each of the polymers obtained i n Comparative 

Examples 6, 7, and 9 differs from that of any one o f the examples.  

Accordingly, as illustrated in Table 4 and FIG. 2, the α-olefin 

polymer obtained in the invention of the subject ap plication shows 

a low pour point as compared to the α-olefin polymer of a comparative 

example having the same kinematic viscosity as that  of the α-olefin 

polymer obtained in the present invention.  Accordi ngly, the 

α-olefin polymer obtained in the present invention h as a nature 

more preferred for use in a lubricating oil. 

A/B1TIBA  1_ 09  6Z9  M OVW/V OS   N 1 ovw/v OL    1 ovw/v 09 



Catalyst system  Polymerization temperature (QC) 1 atic viscosity at 100C (mm2/s)
[0077]As can be seen from Tables 1 and 2, the a-olefin polymers of Comparative Examples 6
to 9 each show a kinematic viscosity at 100Cpreferred for use in a lubricating oil. However,
the catalytic activity is low in Comparative Example 8. In addition, the stereoregularity of each
of the polymers obtained in Comparative Examples 6, 7, and 9 differs from that of any one of
the examples. Accordingly, as illustrated in Table 4 and FIG. 2, the a-olefin polymer obtained
in the invention of the subject application shows a low pour point as compared to the a-olefin
polymer of a comparative example having the same kinematic viscosity as that of the a-olefin
polymer obtained in the present invention. Accordingly, the a-olefin polymer obtained in the
present invention has a nature more preferred for use in a lubricating oil.    [0079][Example
10] 
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[0079] [Example 10] 

 A stainless autoclave having an internal volume of  1 l was 

sufficiently dried and replaced with nitrogen.  Aft er that, 400 ml 

of 1-decene were charged into the autoclave.  Next,  0.3 mmol of 

triisobutylaluminum was loaded into the autoclave, and the 

temperature of the mixture was increased to 105°C.  1.6 ml of a 

separately prepared catalyst mixed liquid [prepared  by loading 0.20 

mmol of triisobutylaluminum (0.5-mmol/ml toluene so lution; 0.4 ml), 

4 µmol of 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride obtained in Production E xample 1 

(5- µmol/ml toluene solution; 0.8 ml), and 0.08 mmol (64  mg) of powdery 

N,N-dimethylanilinium tetrakis(pentafluorophenyl)bo rate into a 

10-ml glass Schlenk bottle under a nitrogen atmosph ere, stirring 

the mixture at room temperature for about 1 minute,  adding 2 ml 

of 1-decene to the mixture, and stirring the result ant mixture at 

room temperature for an additional one hour] were c harged into the 

autoclave.  After that, 0.02 MPaG of hydrogen was i ntroduced into 

the autoclave, and polymerization was initiated.  1 20 minutes after 

that, the remaining 1.6 ml of the catalyst mixed li quid were added 

to the resultant, and the mixture was subjected to a reaction at 

105°C for an additional 120 minutes.  After that, 1 0 ml of methanol 

were added to the resultant so that the polymerizat ion might be 

stopped.  The contents were taken out and added to 200 ml of a 1-wt% 

A stainless autoclave having an internal volume of 1 I was sufficiently dried and replaced with nitrogen.
After that, 400 ml of 1-decene were charged into the autoclave. Next, 0.3 mmol of triisobutylaluminum
was loaded into the autoclave, and the temperature of the mixture was increased to 105C. 1.6 ml of a
separately prepared catalyst mixed liquid [prepared by loading 0.20 mmol of triisobutylaluminum
(0.5-mmol/m1 toluene solution; 0.4 ml), 4 nmol of (1,1'-dimethylsilylene)
(2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride obtained in Production Example 1 (
5-nmol/m1 toluene solution; 0 . 8 ml ) , and0.085=cl ( 64 mg) of powdery N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate into a 10-m3 glass Schlenk bottle under a nitrogen atmosphere,
stirring the mixture at room temperature for about 1 minute, adding 2 ml of 1-decene to the mixture,
and stirring the resultant mixture at room temperature for an additional one hour] were charged into the
autoclave. After that, 0.02 MPaG of hydrogen was introduced into the autoclave, andpolymerization
was initiated. 120 minutes after that, the remaining 1.6 ml of the catalyst mixed liquid were added to
the resultant, and the mixture was subjected to a reaction at 105C for an additional 120 minutes. After
that, 10 ml of methanol were added to the resultant so that the polymerization might be stopped. The
contents were taken out and added to 200 ml of a 1-wt% aqueous solution of NaOH. Then, the mixture
was stirred. The solution was transferred to a separating funnel, and the organic layer was
fractionated. After that, the organic layer was washed with water, and the solid matter of the organic
layer was removed with a filter paper 20 manufactured by Toyo Roshi Kaisha, Ltd. Toluene, the raw
materials, methanol, and the like were removed by distillation from the resultant solution with a rotary
evaporator (under a reduced pressure of about 1.0x1074 MPa in an oil bath at 100C). As a result, 275
g of a colorless, transparent liquid were obtained. Further, the liquid was distilled with a thin-film
distilling device (a molecular distilling device Model MS-300 manufactured by Sibata Scientific
Technology Ltd. and a high-vacuum exhausting device DS-212Z) under a reduced pressure of 5x1076
Pa at 180C. As a result, 261 g of a polymerized product from which components having 20 or less
carbon atoms had been removed were obtained. Table 5 shows the results obtained by the above
analysis methods. [0080][Example 11]         The polymerized product obtained in Example 10 was
loaded into a stainless autoclave having an internal volume of 1 1, and a stabilizing nickel catalyst
(5N750 manufactured by Sakai Chemical Industry Co., Ltd.) was added to the polymerized product at
a weight ratio of 1 wt%. After that, the polymerized product was subjected to a reaction in 2 MPa of
hydrogen at 130C for 6 hours. After the completion of the reaction, the temperature of the contents
was cooled to around 80C, and then the contents were taken out. The catalyst component was
separated by filtration with a 1-nm filter at 70C. As a result, 260 g of a hydrogenated product were
obtained. Table 5 shows the results obtained by the above analysis methods.  [0081] [Example 12]
230 g of a colorless, transparent polymerized product from which components having 24 or less
carbon atoms had been removed were obtained in the same manner as in Example 10 except that 400
ml of 1-dodecene was used instead of 1-decene. Table 5 shows the results obtained by the above
analysis methods. [Example 13]         229 g of a hydrogenated polymerized product were obtained in
the same manner as in Example 11 except that the polymerized product of Example 12 was used and
the catalyst was changed to a palladium/alumina catalyst (product carrying 5% of Pd). Table 5 shows
the results obtained by the above analysis methods. [0082][Example 14]         254 g of a colorless,
transparent polymerized product from which components having 24 or less carbon atoms had been
removed were obtained in the same manner as in Example 10 except that 400 ml of 1-octene was
used instead of 1-decene. Table 5 shows the re suit s obtained by the above analysis methods.
[Example 15]        252 g of a hydrogenated polymerized product were obtained in the same manner as
in Example 13 except that the polymerized product of Example 14 was used. Table 5 shows the
results obtained by the above analysis methods.  Example 1 ST  1 1 
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aqueous solution of NaOH.  Then, the mixture was st irred.  The 

solution was transferred to a separating funnel, an d the organic 

layer was fractionated.  After that, the organic la yer was washed 

with water, and the solid matter of the organic lay er was removed 

with a filter paper 2C manufactured by Toyo Roshi K aisha, Ltd.  

Toluene, the raw materials, methanol, and the like were removed 

by distillation from the resultant solution with a rotary evaporator 

(under a reduced pressure of about 1.0×10 -4  MPa in an oil bath at 

100°C).  As a result, 275 g of a colorless, transpa rent liquid were 

obtained.  Further, the liquid was distilled with a  thin-film 

distilling device (a molecular distilling device Mo del MS-300 

manufactured by Sibata Scientific Technology Ltd. a nd a high-vacuum 

exhausting device DS-212Z) under a reduced pressure  of 5×10 -6  Pa 

at 180°C.  As a result, 261 g of a polymerized prod uct from which  

components having 20 or less carbon atoms had been removed were 

obtained.  Table 5 shows the results obtained by th e above analysis 

methods. 

[0080] [Example 11] 

 The polymerized product obtained in Example 10 was  loaded into 

a stainless autoclave having an internal volume of 1 l, and a 

stabilizing nickel catalyst (SN750 manufactured by Sakai Chemical 

Industry Co., Ltd.) was added to the polymerized pr oduct at a weight 

ratio of 1 wt%.  After that, the polymerized produc t was subjected 

to a reaction in 2 MPa of hydrogen at 130°C for 6 h ours.  After the 

I 1 1 1 1 I ZSZ  1 9  139   Cft-  I7T  <  VSII/TH  



 57 

completion of the reaction, the temperature of the contents was 

cooled to around 80°C, and then the contents were t aken out.  The 

catalyst component was separated by filtration with  a 1- µm filter 

at 70°C.  As a result, 260 g of a hydrogenated prod uct were obtained.  

Table 5 shows the results obtained by the above ana lysis methods. 

[0081] [Example 12] 

 230 g of a colorless, transparent polymerized produ ct from 

which components having 24 or less carbon atoms had  been removed 

were obtained in the same manner as in Example 10 e xcept that 400 

ml of 1-dodecene was used instead of 1-decene.  Tab le 5 shows the 

results obtained by the above analysis methods. 

[Example 13] 

229 g of a hydrogenated polymerized product were ob tained in 

the same manner as in Example 11 except that the po lymerized product 

of Example 12 was used and the catalyst was changed  to a 

palladium/alumina catalyst (product carrying 5% of Pd).  Table 5 

shows the results obtained by the above analysis me thods. 

[0082] [Example 14] 

 254 g of a colorless, transparent polymerized prod uct from 

which components having 24 or less carbon atoms had  been removed 

were obtained in the same manner as in Example 10 e xcept that 400 

ml of 1-octene was used instead of 1-decene.  Table  5 shows the results 

obtained by the above analysis methods. 

[Example 15] 

1 1 00tr  SO  0  SOT  rSZ  969  1 1 1 1  I  1 1   
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252 g of a hydrogenated polymerized product were ob tained in 

the same manner as in Example 13 except that the po lymerized product 

of Example 14 was used.  Table 5 shows the results obtained by the 

above analysis methods.

633  1 0E- 881 T8  ZT  <  VSII/TH  1 0017  1 
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[0084] A: 

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad

ienyl)zirconium dichloride 

B1: N,N-dimethylanilinium tetrakis(pentafluoropheny l)borate 

TIBA: triisobutylaluminum 

 

Industrial Applicability 

[0085] According to the present invention, an α-olefin polymer 

having a viscosity suitable for use in a lubricatin g oil can be 

produced on an industrial scale with ease, and cont ributes to improved 

fuel efficiency, reduced energy requirements, and a  lengthened 

lifetime requested of the lubricating oil. 

8-1  VVI7  CS  OT   VEII/TH  FCC 0017 II  S0'0 SOT  193 STL  S'ZI7- S8T 017D, 
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CLAIMS 

 1. A method of producing an α-olefin polymer, comprising a 

step of polymerizing one or more kinds of α-olefins each having 

6 to 20 carbon atoms with a catalyst obtained by us ing the following 

components (A) and (B) (polymerizing step): 

(A) a transition metal compound represented by a ge neral formula 

(I): 

[Chem 1] 

R1
R2

R3

Ra Rb

R6

R5
R4

M
X1

X2
(I)

 

where R 1 to R 6 each independently represent a hydrogen atom, a ha logen 

atom, a hydrocarbon group having 1 to 20 carbon ato ms, or an organic 

group having 1 to 20 carbon atoms and containing on e or more kinds 

of atoms selected from a halogen atom, a silicon at om, an oxygen 

atom, a sulfur atom, a nitrogen atom, and a phospho rus atom, at 

least one selected from R 1 to R 3 represents a hydrogen atom, at least 

one selected from R 4 to R 6 represents a hydrogen atom, R a and R b each 

independently represent a divalent group for bondin g two 

cyclopentadienyl rings with one to three atoms, X 1 and X 2 each 

ES  Transition metal compound: kind  Transition metal compound: usage (pmol)  qsATequo-op Usage
of 1-decene (ml)  Usage of 1-dodecene (ml)  Usage of 1-octene (ml)  Usage of H2 (MPaG)
Temperature (C)  (5) PTaTA 1 Activity (kg/gZr)  Kinematic viscosity at 100C (mm2/s) Kinematic
viscosity at 40C (mm2/s) Viscosity index 
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independently represent a hydrogen atom, a halogen atom, a 

hydrocarbon group having 1 to 20 carbon atoms, or a n organic group 

having 1 to 20 carbon atoms and containing one or m ore kinds of 

atoms selected from a halogen atom, a silicon atom,  an oxygen atom, 

a sulfur atom, a nitrogen atom, and a phosphorus at om, and M represents 

a transition metal belonging to any one of Groups 4  to 6 of the 

periodic table; and 

(B) (b-1) an organic aluminum oxy compound and/or ( b-2) an ionic 

compound capable of reacting with the above transit ion metal compound 

to transform the compound into a cation. 

 

 2. The method of producing an α-olefin polymer according to 

claim 1, wherein each of R 1 to R 6 in the general formula (I) represents 

a hydrogen atom. 

 

 3. The method of producing an α-olefin polymer according to 

claim 1 or 2, wherein the polymerizing step compris es the step of 

polymerizing two or more kinds of α-olefins each having 6 to 20 

carbon atoms. 

 

 4. The method of producing an α-olefin polymer according to 

any one of claims 1 to 3, wherein reaction conditio ns in the 

polymerizing step comprise a hydrogen pressure of 0  to 0.2 MPa (G) 

and a reaction temperature of 0 to 200°C. 

Pour point (C)  CO 00 - H -ri 4J4.) U -.-1 ni 73 a) c4 o C)     [0084]A:
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride Bl:
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate IIBA: triisobutylaluminum Industrial
Applicability [0085]Accordingtothepresentinvention, ana-olefinpolymer having a viscosity suitable for
use in a lubricating oil can be producedonanindustrialscalewithease,andcontributestoimproved fuel
efficiency, reduced energy requirements, and a lengthened lifetime requested of the lubricating oil. 
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 5. The method of producing an α-olefin polymer according to 

any one of claims 1 to 4, wherein the α-olefin polymer is an α-olefin 

polymer having a kinematic viscosity at 100°C of 20  to 1,000 mm 2/s. 

 

 6. The method of producing an α-olefin polymer according to 

any one of claims 1 to 5, wherein the α-olefin polymer is an α-olefin 

polymer whose α-olefin unit sequence portion has an isotacticity 

of 20 to 40% and a syndiotacticity of 40% or less i n terms of triad 

expression. 

 

 7. The method of producing an α-olefin polymer according to 

any one of claims 1 to 6, further comprising a step  of removing 

α-olefin-based compounds each having 24 or less carb on atoms after 

the polymerizing step. 

 

 8. An α-olefin polymer obtained by the production method 

according to any one of claims 1 to 7. 

 

 9. A hydrogenated α-olefin polymer obtained by hydrogenating 

the α-olefin polymer according to claim 8. 

 

 10. A lubricating oil composition comprising the α-olefin 

polymer according to claim 8 and/or the hydrogenate d α-olefin polymer 

CLAIMS         1. A method of producing an a-olefin polymer, comprising a step of polymerizing one or
more kinds of a-olefins each having 6 to 20 carbon atoms with a catalyst obtained by using the
following components (A) and (B) (polymerizing step): (A) a transition metal compound represented by
a general formula (I): [Chem 1]    R5 where to R6 each independently represent a hydrogen atom, a
halogen atom, a hydrocarbon group having 1 to 20 carbon atoms, or an organic group having 1 to 20
carbon atoms and containing one or more kinds of atoms selected from a halogen atom, a silicon
atom, an oxygen atom, a sulfur atom, a nitrogen atom, and a phosphorus atom, at least one selected
from Alto R3 representsa hydrogen atom, at least one selected from R4 to R5 represents a hydrogen
atom, Ra and Rh each independently represent a divalent group for bonding two cyclopentadienyl
rings with one to three atoms, X4 and X2 each  independently represent a hydrogen atom, a halogen
atom, a hydrocarbon group having 1 to 20 carbon atoms, or an organic group having 1 to 20 carbon
atoms and containing one or more kinds of atoms selected from a halogen atom, a silicon atom, an
oxygen atom, a sulfur atom, a nitrogen atom, and a pho sphorus atom, and M repre sent s a transition
metal belonging to any one of Groups 4 to 6 of the periodic table; and (B) (b-1) an organic aluminum
oxy compound and/or (b-2) an ionic compound capable of reacting with the above trans it ion metal
compound to transform the compound into a cation.         2. The method of producing an a-olefin
polymer according to claim 1, wherein each of Ri to R6 in the general formula (I) represents a
hydrogen atom.         3. The method of producing an a-olefin polymer according to claim 1 or 2,
wherein the polymerizing step comprises the step of polymerizing two or more kinds of a-olefins each
having 6 to 20 carbon atoms.         4. The method of producing an a-olefin polymer according to any
one of claims 1 to 3, wherein reaction conditions in the polymerizing step comprise a hydrogen
pressure of 0 to 0.2 MPa (G) and a reaction temperature of 0 to 200C. 
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according to claim 9. 

5. The method of producing an a-olefin polymer according to any one of claims 1 to 4, wherein the
a-olefin polymer is an a-olefin polymer having a kinematic viscosity at 100C of 20 to 1,000 mm2/s.
6. The method of producing an a-olefin polymer according to any one of claims 1 to 5, wherein the
a-olefin polymer is an a-olefin polymer whose a-olefin unit sequence portion has an isotacticity of 20 to
40% and a syndiotacticity of 40% or less in terms of triad expression.         7. The method of producing
an a-olefin polymer according to any one of claims 1 to 6, further comprising a step of removing
a-olefin-based compounds each having 24 or less carbon atoms after the polymerizing step.         8.
An a-olefin polymer obtained by the production method according to any one of claims 1 to 7.         9. A
hydrogenated a-olefin polymer obtained by hydrogenating the a-olefin polymer according to claim 8.
10. A lubricating oil composition comprising the a-olefin
polymeraccordingtoclaim8and/orthehydrogenateda-olefinpolymer  according to claim 9. 


