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(57) ABSTRACT 

A process for producing a polymer of an ot-ole?n Which 
comprises polymerizing an ot-ole?n having at least 4 carbon 
atoms in the presence of a catalyst for producing polymers 
of ole?ns Which comprises (A) a speci?c metal compound 
and (B) at least one compound selected from (b-l) an 
organoaluminum oXy compound and (b-2) an ionic com 
pound. 

The polymer of an ot-ole?n is useful as a component of 
lubricant. 
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PROCESS FOR PRODUCING A POLYMER OF AN 
ALPHA-OLEFIN AND LUBRICANT 

of component The present invention has been com 
pleted based on the knowledge. 

BACKGROUND OF THE INVENTION [0009] The present 1nvent1on prov1des: 
[0010] (1) A process for producing a polymer of an 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a novel process for 
producing a polymer of an ot-ole?n comprising polymeriZ 
ing an ot-ole?n having at least 4 carbon atoms and a lubricant 
comprising the polymer. 

[0003] 2. Description of the Related Arts 

[0004] Various attempts have been made to obtain poly 
ot-ole?ns Which are useful as synthetic hydrocarbon lubri 
cant. For example, a process for polymeriZing 1-decene in 
the presence of a Friedel-Crafts catalyst Which is aluminum 
chloride or boron tri?uoride is disclosed (US. Pat. Nos. 
3,149,178 and 3,382,291). 
[0005] HoWever, the obtained poly-ot-ole?n has a loW 
molecular Weight and the obtained lubricant had a loW 
viscosity. Moreover, boron tri?uoride is not only expensive 
but also causes an environmental problem since ?uorine 
corroding apparatuses is formed. 

[0006] It has been disclosed that ethylene or an ot-ole?n is 
polymeriZed in accordance With various processes and the 
obtained polymer is used as a synthetic hydrocarbon lubri 
cant. Examples of such processes include a process in Which 
a reduced chromium catalyst is used (Japanese Patent Appli 
cation (as a national phase under PCT) Laid-Open No. 
Heisei 9(1997)-508151), a process in Which cation polymer 
iZation is conducted (Japanese Patent Application (as a 
national phase under PCT) Laid-Open No. Heisei 8(1996) 
505888), a process in Which a Ziegler-type catalyst is used 
(Japanese Patent Application Laid-Open No. Heisei 
7(1995)-145205 and Heisei 5(1993)-271339) and processes 
in Which a metallocene catalyst is used (Japanese Patent 
Application Laid-Open Nos. Heisei 7(1995)-133234 and 
Heisei 6(1994)-80725 and Japanese Patent Nos. 2796376 
and 2664498). These processes have draWbacks in that an 
expensive catalyst is used, that the activity of the polymer 
iZation is small and that the use of ethylene is indispensable. 
Moreover, products obtained in accordance With these pro 
cesses have a draWback in that the obtained polymer alWays 
has a loW molecular Weight or the polymer having an 
extremely high molecular Weight is formed. 

SUMMARY OF THE INVENTION 

[0007] The present invention has an object of providing a 
novel process for producing a polymer of an ot-ole?n 
comprising polymeriZing an ot-ole?n having at least 4 car 
bon atoms ef?ciently and a lubricant comprising the poly 
mer. 

[0008] As the result of extensive studies by the present 
inventors to achieve the above object, it Was found that the 
above object can be achieved by a process for producing a 
polymer of an ot-ole?n Which comprises polymeriZing an 
ot-ole?n having at least 4 carbon atoms in the presence of a 
catalyst for producing polymers of ole?ns Which comprises 
(A) a speci?c transition metal catalyst and (B) at least one 
compound selected from (b-1) organoaluminum oxy com 
pounds and (b-2) ionic compounds Which can be converted 
into cations by reaction With the transition metal compounds 

ot-ole?n Which comprises polymeriZing an ot-ole?n 
having at least 4 carbon atoms in a presence of a 
catalyst for producing polymers of ole?ns Which com 
prises: 
[0011] (A) at least one compound selected from tran 

sition metal compounds represented by folloWing 
general formulae (I) and (II): 

(I) 

(H) 
R11 (R10)3 

R12 
X4 
/ 

Y4 Y M2 3 

R8 

WW 
[0012] Wherein R1 to R12 and X1 to X4 each inde 

pendently represent hydrogen atom, a halogen atom, 
a hydrocarbon group having 1 to 20 carbon atoms, a 
hydrocarbon group having 1 to 20 carbon atoms and 
a halogen atom, a group having silicon, a group 
having oxygen, a group having sulfur, a group hav 
ing nitrogen or a group having phosphorus; adjacent 
groups among groups represented by R1 to R12 and 
X1 to X4 may form a ring by forming bonds betWeen 
each other; three groups represented by R9 may be 
the same With or different from each other; three 
groups represented by R10 may be the same With or 
different from each other; Y1 to Y4 each indepen 
dently represent a divalent group Which forms a bond 
betWeen tWo ligands and is selected from hydrocar 
bon groups having 1 to 20 carbon atoms, hydrocar 
bon groups having 1 to 20 carbon atom and a halogen 
atom, a group having silicon, a group having ger 
manium, a group having tin, —O—, —CO—, 
—S—, —SO2—, —NR13—, —PR13—, 
—P(O)R13—, —BR13— and —AlR13—, R13 repre 
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senting hydrogen atom, a halogen atom, a hydrocar 
bon group having 1 to 20 carbon atoms or a hydro 
carbon group having 1 to 20 carbon atoms and a 
halogen atom, and M1 and M2 each independently 
represent a transition metal of Groups 4 to 6 of the 
Periodic Table; and 

[0013] (B) at least one compound selected from (b-1) 
organoaluminum oXy compounds and (b-2) ionic 
compounds Which can be converted into cations by 
reaction With the transition metal compounds of 
component (A); 

[0014] (2) A process described in (1), Wherein the 
groups represented by Y1 and Y2 in general formula (I) 
representing the transition metal compound are each 
bonded to ligands in a meso form; 

[0015] (3) A process described in any of (1) and (2), 
Which comprises polymeriZing an ot-ole?n having at 
least 4 carbon atoms in a presence of hydrogen; 

[0016] (4) A polymer of an ot-ole?n Which is obtained 
in accordance With a process described in any of (1) to 
(3) and has a Weight-average molecular Weight in a 
range of 300 to 1,000,000; 

[0017] (5) A polymer of an ot-ole?n Which is obtained 
by hydrogenating a polymer of an ot-ole?n described in 
any of (4); and 

[0018] (6) A lubricant Which comprises a polymer of an 
ot-ole?n described in any of (4) and 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] The present invention relates to the process for 
producing a polymer of an ot-ole?n and the lubricant Which 
are described above. 

[0020] The present invention Will be described in detail in 
the folloWing. 

[0021] 1. The Process for Producing a Polymer of an 
ot-ole?n 

[0022] In accordance With the process of the present 
invention, an ot-ole?n having at least 4 carbon atoms is 
polymeriZed in the presence of a catalyst for producing 
polymers of ole?ns Which comprises: 

[0023] (A) at least one compound selected from 
transition metal compounds represented by folloW 
ing general formulae (I) and (II): 

(1) 
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-continued 
(11) 

R11 
(Rloh 

[ R12 
X4 
/ 

Y4 Y3 M2 
\ 
X3 

(R9)3 R8 

[0024] Wherein R1 to R12 and X1 to X4 each inde 
pendently represent hydrogen atom, a halogen atom, 
a hydrocarbon group having 1 to 20 carbon atoms, a 
hydrocarbon group having 1 to 20 carbon atoms and 
a halogen atom, a group having silicon, a group 
having oxygen, a group having sulfur, a group hav 
ing nitrogen or a group having phosphorus; adjacent 
groups among groups represented by R1 to R12 and 
X1 to X4 may form a ring by forming bonds betWeen 
each other; three groups represented by R9 may be 
the same With or different from each other; three 
groups represented by R10 may be the same With or 
different from each other; Y1 to Y4 each indepen 
dently represent a divalent group Which forms a bond 
betWeen tWo ligands and is selected from hydrocar 
bon groups having 1 to 20 carbon atoms, hydrocar 
bon groups having 1 to 20 carbon atom and a halogen 
atom, a group having silicon, a group having ger 
manium, a group having tin, —O—, —CO—, 
—S—, —SO2—, —NR13—, —PR13—, 
—P(O)R13—, —BR13— and —AlR13—, R13 repre 
senting hydrogen atom, a halogen atom, a hydrocar 
bon group having 1 to 20 carbon atoms or a hydro 
carbon group having 1 to 20 carbon atoms and a 
halogen atom, and M1 and M2 each independently 
represent a transition metal of Groups 4 to 6 of the 
Periodic Table; and 

[0025] (B) at least one compound selected from (b-1) 
organoaluminum oXy compounds and (b-2) ionic 
compounds Which can be converted into cations by 
reaction With the transition metal compounds of 
component (A); and in the presence of hydrogen, 
Where necessary. 

[0026] The compound represented by general formula (I) 
described above may be a transition metal compound in 
Which the groups represented by Y1 and Y2 are each bonded 
to ligands in the meso form or in the racemic form. It is 
preferable that the groups represented by Y1 and Y2 are 
bonded to ligands in the meso form. 

[0027] Preferable examples of the compound represented 
by general formula (I) described above include transition 
metal compounds of Groups 4 to 6 of the Periodic Table 
Which are represented by the folloWing general formulae 
(I)A and (I)B: 
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(I) A 

R18 1 R23 
Y 

R17 R22 

@\Y2/@ R16 M1 R21 
14 / 19 

R15 R X1 \X2 R R20 
(1) B 

28 
R Y1 

R27 R31 

0gp 
R26 /M1 R30 

R25 R24 X1 \X2 R29 

[0028] wherein R14 to R31, X1 and X2 each independently 
represent hydrogen atom, a halogen atom, a hydrocarbon 
group having 1 to 20 carbon atoms, a hydrocarbon group 
having 1 to 20 carbon atoms and a halogen atom, a group 
having silicon, a group having oxygen, a group having 
sulfur, a group having nitrogen or a group having phospho 
rus; adjacent groups among groups represented by R14 to 
R31, X1 and X2 may form a ring by forming bonds betWeen 
each other; Y1 and Y2 each independently represent a diva 
lent group Which forms a bond betWeen tWo ligands and is 
selected from hydrocarbon groups having 1 to 20 carbon 
atoms, hydrocarbon groups having 1 to 20 carbon atom and 
a halogen atom, a group having silicon, a group having 
germanium, a group having tin, —O—, —CO—, —S—, 
—SO2—, —NR32—, —PR32—, —P(O)R32—, —BR32— 
and —AlR32—, R32 representing hydrogen atom, a halogen 
atom, a hydrocarbon group having 1 to 20 carbon atoms or 
a hydrocarbon group having 1 to 20 carbon atoms and a 
halogen atom, and M1 represents a transition metal of 
Groups 4 to 6 of the Periodic Table. 

[0029] Speci?c examples of the compound represented by 
general formula (I)A include dichloro compounds such as 
(1,1‘-ethylene) (2,2‘-ethylene) Bisindenyl Zirconium dichlo 
ride, (1,1‘-ethylene) (2,2‘-ethylene)bis (3-methylindenyl)Zir 
conium dichloride, (1,1‘-ethylene) (2,2‘-ethylene)bis(4-me 
thylindenyl)Zirconium dichloride, (1,1‘-ethylene) (2,2‘ 
ethylene)bis(5-methylindenyl)Zirconium dichloride, (1,1‘ 
ethylene) (2,2‘-ethylene)bis(5,6-benZoindenyl)Zirconium 
dichloride, (1,1‘-ethylene) (2,2‘-ethylene)bis(4,5-benZoinde 
nyl)Zirconium dichloride, (1,1‘-ethylene) (2,2‘-ethyl 
ene)bis(5,6-dimethylindenyl)Zirconium dichloride, (1,1‘ 
dimethylsilylene) (2,2‘-dimethylsilylene)bis indenyl 
Zirconium dichloride, (1,1‘-dimethylsilylene) (2,2‘-dimeth 
ylsilylene)bis(3-methylindenyl)Zirconium dichloride, (1,1‘ 
dimethylsilylene) (2,2‘-dimethylsilylene)bis(4-methylinde 
nyl)Zirconium dichloride, (1,1‘-dimethylsilylene) (2,2‘ 
dimethylsilylene)bis(5-methyl-indenyl)Zirconium 
dichloride, (1,1‘-dimethylsilylene) (2,2‘-dimethyl-silyle 
ne)bis(5,6-benZoindenyl)Zirconium dichloride, (1,1‘-dim 
ethylsilylene) (2,2‘-dimethylsilylene)bis(4,5-benZoinde 
nyl)Zirconium dichloride, (1,1‘-dimethylsilylene) (2,2‘ 
dimethylsilylene)bis(5,6-dimethylindenyl)Zirconium 
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dichloride, (1,1‘-dimethylsilylene) (2,2‘-ethylene)bis indenyl 
Zirconium dichloride, (1,1‘-dimethylsilylene) (2,2‘-ethyl 
ene)bis(3-methylindenyl)Zirconium dichloride, (1,1‘-dim 
ethylsilylene) (2,2‘-ethylene)bis(4-methylindenyl)Zirconium 
dichloride, (1,1‘-dimethylsilylene) (2,2‘-ethylene)bis(5-me 
thylindenyl)Zirconium dichloride, (1,1‘-dimethylsilyene) 
(2,2‘-ethylene)bis(5,6-benZoindenyl)Zirconium dichloride, 
(1,1‘-dimethylsilylene) (2,2‘-ethylene)bis(4,5-benZoinde 
nyl)Zirconium dichloride, (1,1‘-dimethylsilylene) (2,2‘-eth 
ylene)bis(5,6-dimethylindenyl)Zirconium dichloride, (1,1‘ 
ethylene) (2,2‘-dimethylsilylene)bisindenyl Zirconium 
dichloride, (1,1‘-ethylene) (2,2‘-dimethylsilylene)bis(3-me 
thylindenyl)Zirconium dichloride, (1,1‘-ethylene) (2,2‘-dim 
ethylsilylene)bis(4-methylindenyl)Zirconium dichloride, 
(1,1‘-ethylene) (2,2‘-dimethyl-silylene)bis(5-methylinde 
nyl)Zirconium dichloride, (1,1‘-ethylene) (2,2‘-dimethylsi 
lylene)bis(5,6-benZoindenyl)Zirconium dichloride, (1,1‘-eth 
ylene) (2,2‘-dimethylsilylene)bis(4,5 
benZoindenyl)Zirconium dichloride, (1,1‘-ethylene) (2,2‘ 
dimethylsilylene)bis(5,6-dimethylindenyl)Zirconium 
dichloride, (1,1‘-dimethylsilylene) (2,2‘-isopropylidene)bis 
indenyl Zirconium dichloride, (1,1‘-dimethylsilylene) (2,2‘ 
isopropylidene)bis(3-methyl-indenyl)Zirconium dichloride, 
(1,1‘-dimethylsilylene) (2,2‘-isopropylidene)bis(4-methylin 
denyl)Zirconium dichloride, (1,1‘-dimethylsilylene) (2,2‘ 
isopropylidene)bis(5-methylindenyl)Zirconium dichloride, 
(1,1‘-dimethylsilylene) (2,2‘-isopropylidene)bis(5,6-ben 
Zoindenyl)Zirconium dichloride, (1,1‘-dimethylsilylene) 
(2,2‘-isopropylidene)bis(4,5-benZo-indenyl)Zirconium 
dichloride, (1,1‘-dimethylsilylene) (2,2‘-isopropy 
lidene)bis(5,6-dimethylindenyl)Zirconium dichloride; dim 
ethyl compounds, diethyl compounds, dihydro compounds, 
diphenyl compounds and dibenZyl compounds correspond 
ing to the above dichloro compounds; titanium complex 
compounds corresponding to the above compounds; and 
hafnium complex compounds corresponding to the above 
compounds. 

[0030] Speci?c examples of the compound represented by 
general formula (I)B include dichloro compounds such as 
(1,1‘-ethylene) (2,2‘-ethylene) indenyl (3,5-dimethylcyclo 
pentadienyl)Zirconium dichloride, (1,1‘-ethylene) (2,2‘-eth 
ylene)indenyl(3,4-dimethylcyclopentadienyl)Zirconium 
dichloride, (1,1‘-ethylene) (2,2‘-ethylene)indenyl (3-methyl 
cyclopentadienyl)Zirconium dichloride, (1,1‘-ethylene) 
(2,2‘-ethylene) (4-methylindenyl) (3,5-dimethylcyclopenta 
dienyl)Zirconium dichloride, (1,1‘-ethylene) (2,2‘-ethylene) 
(4-methylindenyl) (3-methylcyclopentadienyl)Zirconium 
dichloride, (1,1‘-ethylene) (2,2‘-ethylene) (S-methylindenyl) 
(3,5-dimethylcyclopentadienyl)Zirconium dichloride, (1,1‘ 
ethylene) (2,2‘-ethylene) (S-methylindenyl) (3-methylcyclo 
pentadienyl)Zirconium dichloride, (1,1‘-dimethylsilylene) 
(2,2‘-isopropylidene)indenyl(3,S-dimethylcyclopentadi 
enyl)Zirconium dichloride, (1‘-dimethylsilylene) (2,2‘-iso 
propylidene)indenyl (3,4-dimethylcyclopentadienyl)Zir 
conium dichloride, (1,1‘-dimethylsilylene) (2,2‘ 
isopropylidene)indenyl (3-methyl 
cyclopentadienyl)Zirconium dichloride, (1,1‘ 
dimethylsilylene) (2,2‘-isopropylidene) (4-methylindenyl) 
(3,5-dimethylcyclopentadienyl)Zirconium dichloride, (1,1‘ 
dimethylsilylene) (2,2‘-isopropylidene)(4-methylindenyl) 
(3-methylcyclopentadienyl)Zirconium dichloride, (1,1‘-dim 
ethylsilylene) (2,2‘-isopropylidene) (S-methylindenyl) (3,5 
dimethylcyclopentadienyl)Zirconium dichloride and (1,1‘ 
dimethylsilylene) (2,2‘-isopropylidene) (S-methyl-indenyl) 
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(3-methylcyclopentadienyl)Zirconium dichloride; and dim 
ethyl compounds, diethyl compounds, dihydro compounds, 
diphenyl compounds and dibenZyl compounds correspond 
ing to the above compounds of transition metals of Group 4 
of the Periodic Table. 

[0031] Preferable examples of the compound represented 
by general formula (II) described above include transition 
metal compounds of Groups 4 to 6 of the Periodic Table 
represented by the following general formulae (IDA and 
(II)B: 

(IDA 

(II)B 

R45 R44 

[0032] Wherein R33 to R54, X3 and X4 each independently 
represent hydrogen atom, a halogen atom, a hydrocarbon 
group having 1 to 20 carbon atoms, a hydrocarbon group 
having 1 to 20 carbon atoms and a halogen atom, a group 
having silicon, a group having oxygen, a group having 
sulfur, a group having nitrogen or a group having phospho 
rus; adjacent groups among groups represented by R33 to 
R54, X3 and X4 may form a ring by forming bonds betWeen 
each other; Y3 and Y4 each independently represent a diva 
lent group Which forms a bond betWeen tWo ligands and is 
selected from hydrocarbon groups having 1 to 20 carbon 
atoms, hydrocarbon groups having 1 to 20 carbon atom and 
a halogen atom, a group having silicon, a group having 
germanium, a group having tin, —O—, —CO—, —S—, 
—SO2—, —NR55—, —PR55—, —P(O)R55—, —BR”— 
and —AlR55—, R55 representing hydrogen atom, a halogen 
atom, a hydrocarbon group having 1 to 20 carbon atoms or 
a hydrocarbon group having 1 to 20 carbon atoms and a 
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halogen atom, and M2 represents a transition metal of 
Groups 4 to 6 of the Periodic Table. 

[0033] Speci?c examples of the compound represented by 
general formula (II)A include dichloro compounds such as 
(1,1‘-ethylene) (7,7‘-ethylene)bisindenylZirconium diclo 
ride, (1,1‘-ethylene) (7,7‘-ethylene)bis(2-methylindenyl)Zir 
conium dichloride, (1,1‘-ethylene) (7,7‘-ethylene)bis(3-me 
thylindenyl)Zirconium dichloride, (1,1‘-dimethylsilylene) 
(7,7‘-dimethylsilylene)bisindenylZirconium dichloride, 
(1,1‘-dimethylsilylene) (7,7‘-dimethylsilylene)bis(2-methyl 
indenyl)Zirconium dichloride, (1,1,-dimethylsilylene) (7,7‘ 
dimethylsilylene)bis(3-methylindenyl)Zirconium dichloride, 
(1,1‘-ethylene) (7,7‘-dimethylsilylene)bisindenylZirconium 
dichloride, (1,1‘-ethylene) (7,7‘-dimethylsilylene)bis(2-me 
thylindenyl)-Zirconium dichloride, (1,1‘-ethylene) (7,7‘-dim 
ethylsilylene)bis(3-methylindenyl)Zirconium dichloride, 
(1,1‘-dimethylsilylene) (7,7‘-ethylene)bisindenylZirconium 
dichloride, (1,1‘-dimethylsilylene) (7,7‘-ethylene)bis(2-me 
thylindenyl) Zirconium dichloride and (1,1‘-dimethyl-si 
lylene) (7,7‘-ethylene)bis(3-methylindenyl)Zirconium 
dichloride; and dimethyl compounds, diethyl compounds, 
dihydro compounds, diphenyl compounds and dibenZyl 
compounds corresponding to the above compounds of tran 
sition metals of Group 4 of the Periodic Table. 

[0034] Speci?c examples of the compound represented by 
general formula (II)B include dichloro compounds such as 
(1,1‘-ethylene) (2,7‘-ethylene) (?uorenyl) (indenyl)Zirco 
nium dichloride, (1,1‘-ethylene) (2,7‘-ethylene) (?uorenyl) 
(2-methylindenyl)Zirconium dichloride, (1,1‘-ethylene)-(2, 
7‘-ethylene) (?uorenyl) (3-methylindenyl)Zirconium dichlo 
ride, (1,1‘-ethylene) (2,7‘-ethylene) (?uorenyl) (6-methylin 
denyl)Zirconium dichloride, (1,1‘-ethylene) (2,7‘-ethylene) 
(9-methyl?uorenyl) (indenyl)Zirconium dichloride, (1,1‘ 
ethylene) (2,7‘-ethylene) (8-methyl?uorenyl) (indenyl)Zir 
conium dichloride, (1,1‘-dimethylsilylene) (2,7‘-ethylene) 
(?uorenyl) (indenyl)Zirconium dichloride, (1,1‘-dimethylsi 
lylene) (2,7‘-ethylene) (?uorenyl) (2-methylindenyl)Zirco 
nium dichloride, (1,1‘-dimethyl-silylene) (2,7‘-ethylene) 
(?uorenyl) (3-methylindenyl)Zirconium dichloride, (1,1‘ 
dimethylsilylene) (2,7‘-ethylene) (?uorenyl) (6-methylinde 
nyl)Zirconium dichloride, (1,1‘-dimethylsilylene) (2,7‘-eth 
ylene) (9-methyl-?uorenyl) (indenyl)Zirconium dichloride, 
(1,1‘-dimethylsilylene) (2,7‘-ethylene) (8-methyl?uorenyl) 
(indenyl)Zirconium dichloride, (1,1‘-ethylene) (2,7‘-dimeth 
ylsilylene) (?uorenyl) (indenyl)Zirconium dichloride, (1,1‘ 
ethylene) (2,7‘-dimethylsilylene) (?uorenyl) (2-methylinde 
nyl)Zirconium dichloride, (1,1‘-ethylene) (2,7‘ 
dimethylsilylene) (?uorenyl) (3-methyl-indenyl)Zirconium 
dichloride, (1,1‘-ethylene) (2,7‘-dimethylsilylene) (?uore 
nyl) (6-methylindenyl)Zirconium dichloride, (1,1‘-ethylene) 
(2,7‘-dimethylsilylene) (9-methyl?uorenyl) (indenyl)Zirco 
nium dichloride, (1,1‘-ethylene) (2,7-dimethylsilylene) 
(8-methyl?uorenyl) (indenyl)Zirconium dichloride, (1,1‘ 
dimethylsilylene) (2,7‘-dimethylsilylene) (?uorenyl) (inde 
nyl)Zirconium dichloride, (1,1‘-dimethylsilylene) (2,7‘-dim 
ethylsilylene) (?uorenyl) (2-methylindenyl)Zirconium 
dichloride, (1,1‘-dimethylsilylene) (2,7‘-dimethylsilylene) 
(?uorenyl) (3-methylindenyl)Zirconium dichloride, (1,1‘ 
dimethylsilylene) (2,7‘-dimethylsilylene) (?uorenyl) (6-me 
thylindenyl)Zirconium dichloride, (1,1‘-dimethylsilylene) 
(2,7‘-dimethylsilylene) (9-methyl?uorenyl) (indenyl)Zirco 
nium dichloride and (1,1‘-dimethylsilylene) (2,7‘-dimethyl 
silylene) (8-methyl?uorenyl) (indenyl)Zirconium dichloride; 
and dimethyl compounds, diethyl compounds, dihydro com 
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pounds, diphenyl compounds and dibenZyl compounds cor 
responding to the above compounds of transition metals of 
Group 4 of the Periodic Table. 

[0035] The transition metal compounds used as compo 
nent (A) may be used singly or in combination of tWo or 
more. 

[0036] Examples of the organoaluminum oxy compound 
of component (b-1) of component (B) include chain alumi 
noxanes represented by the following general formula (III): 

(III) 

[0037] Wherein R56 represents a hydrocarbon group such 
as an alkyl group having 1 to 20 carbon atoms and preferably 
having 1 to 12 carbon atoms, an alkenyl group, an aryl group 
and an arylalkyl group or a halogen atom; n represents the 
degree of polymeriZation Which is an integer, in general, in 
the range of 2 to 50 and preferably in the range of 2 to 40; 
and the groups and the atoms represented by a plurality of 
R56 may the same With or different from each other; and 
cyclic aluminoxanes represented by the folloWing general 
formula (IV): 

(IV) 
R56 

[0038] Wherein R56 and n are as de?ned above. Speci?c 
examples of the above compounds include methylaluminox 
ane, ethylaluminoxane and isobutylaluminoxane. 

[0039] As the process for producing the above aluminox 
ane, a process in Which an alkylaluminum is brought into 
contact With a condensation agent such as Water can be 
conducted. HoWever, the process is not particularly limited 
and any conventional process can be conducted. Examples 
of the process include a process in Which an organoalu 
minum compound is dissolved in an organic solvent and the 
solution is brought into contact With Water, (ii) a process in 
Which an organoaluminum compound is added into the 
mixture for polymeriZation in advance and Water is added to 
the mixture thereafter, (iii) a process in Which crystal Water 
contained in a salt of a metal or Water adsorbed to an 
inorganic substance or an organic substance is brought into 
reaction With an organoaluminum compound and (iv) a 
process in Which a tetraalkyldialuminoxane is reacted With 
a trialkylaluminum and the product is further reacted With 
Water. An aluminoxane insoluble in toluene may be used. 
The aluminoxane may be used singly or in combination of 
tWo or more. 

[0040] As component (b-2), any ionic compound can be 
used as long as the ionic compound can be converted into a 
cation by reaction With the transition metal compound of 
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component Preferable examples of the above com 
pound include compounds represented by the folloWing 
general formulae (V) and (VI): 

[0041] In general formulae (V) and (VI), L2 represents M5, 
R58R59M6, R6O3C or R61M6, L1 represents a Lewis base and 
[Z]_ represents an anion Which does not coordinate and 
includes anions represented by [Z] and [Z2]_. [Z1]_ rep 
resents an anion in Which a plurality of groups are bonded 
to an element. [Z1]_ is also expressed as [M7G1G2 ' ' ' Gf]_, 
Wherein M7 represents an element of Groups 5 to 15 of the 
Periodic Table and preferably an element of Groups 13 to 15 
of the Periodic Table, G1 to Gf each represent 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 
hydrocarbon group having 1 to 20 carbon atoms and sub 
stituted With a halogen atom, an acyloxy group having 1 to 
20 carbon atoms, an organometalloid group or a hydrocar 
bon group having 2 to 20 carbon atoms and a hetero atom. 
TWo or more groups among the groups represented by G1 to 
Gf may form a ring. f represents an integer of [the valency 
of the central metal atom M7]+1. [Z2]_ represents an anion 
Which is a Br¢nsted acid alone, a conjugate base as a 
combination of the Br¢nsted acid and a LeWis acid or a 
conjugate base of an acid de?ned, in general, as a super 
strong acid and has a logarithm of the inverse of the acid 
dissociation constant (pKa) of —10 or smaller. ALeWis base 
may be coordinated. R57 represents hydrogen atom, an alkyl 
group having 1 to 20 carbon atoms, an aryl group having 6 
to 20 carbon atoms, an alkylaryl group or an arylalkyl group. 
R58 and R59 each represent cyclopentadienyl group, a sub 
stituted cyclopentadienyl group, indenyl group or ?uorenyl 
group. R60 represents an alkyl group having 1 to 20 carbon 
atoms, an aryl group, an alkylaryl group or an arylalkyl 
group. R61 represents a ligand having a large ring such as 
tetraphenylporphyrin and phthalocyanine. k represents an 
integer of 1 to 3 Which is the ionic charge number of 
[L1—R57] or [L2], a represents an integer of 1 or greater and 
b=(k><a). M5 represents an element including an element of 
Groups 1 to 3, 11 to 13 and 17 of the Periodic Table and MG 
represents an element of Groups 7 to 12 of the Periodic 
Table. 

[0042] Examples of the LeWis base group represented by 
L1 include ammonia; amines such as methylamine, aniline, 
dimethylamine, diethylamine, N-methylaniline, dipheny 
lamine, N,N-dimethylaniline, trimethylamine, triethy 
lamine, tri-n-butylamine, methyldiphenylamine, pyridine, 
p-bromo-N,N-dimethylaniline and p-nitro-N,N-dimethyla 
niline; phosphines such as triethylphosphine, triphenylphos 
phine and diphenylpliosphine; thioethers such as tetrahy 
drothiophene; esters such as ethyl benZoate; and nitriles such 
as acetonitrile and benZonitrile. 

[0043] Examples of the atom and the groups represented 
by R57 include hydrogen atom, methyl group, ethyl group, 
benZyl group and trityl group. Examples of the groups 
represented by R58 and R59 include cyclopentadienyl group, 
methylcyclopentadienyl group, ethyl-cyclopentadienyl 
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group and pentamethylcyclopentadienyl group. Examples of 
the group represented by R60 include phenyl group, p-tolyl 
group and p-methoxyphenyl group. Examples of the ligand 
represented by R61 include tetraphenylporphyrin, phthalo 
cyanine, allyl group and methallyl group. Examples of the 
element represented by M5 include Li, Na, K, Ag, Cu, Br, I 
and I3. Examples of the element represented by M6 include 
Mn, Fe, Co, Ni and Zn. 

[0044] In the anion represented by [Z1]_, Which is also 
expressed as [M7G1G2 ' ' ' Gf]_, examples of the element 
represented by M7 include B, Al, Si, P, As and Sb. Among 
these elements, B and A1 are preferable. Examples of the 
atoms and groups represented by G1 to Gf include dialky 
lamino groups such as dimethylamino group and diethy 
lamino group; alkoxy groups and aryloxy groups such as 
methoxy group, ethoxy group, n-propoxy group and phe 
noxy group; hydrocarbon groups such as methyl group, 
ethyl group, n-propyl group, isopropyl group, n-butyl group, 
isobutyl group, n-octyl group, n-eicosyl group, phenyl 
group, p-tolyl group, benZyl group, 4-t-butylphenyl group 
and 3,5-dimethylphenyl group; halogen atoms such as ?uo 
rine atom, chlorine atom, bromine atom and iodine atom; 
hydrocarbon groups having a heteroatom such as p-?uo 
rophenyl group, 3,5-di?uorophenyl group, pentachlorophe 
nyl group, 3,4,5-tri?uorophenyl group, penta?uorophenyl 
group, 3,5-bis(tri?uoromethyl)phenyl group and bis(trim 
ethylsilyl)methyl group; and organometalloid groups such 
as pentamethylantimony group, trimethylsilyl group, trim 
ethylgermyl group, diphenylarsine group, dicyclohexylanti 
mony group and diphenylboron group. 

[0045] Examples of the anion Which is represented by 
[Z2]_, does not coordinate and has a logarithm of the inverse 
of the acid dissociation constant (pKa) of —10 or smaller, i.e., 
the Br¢nsted acid alone or the conjugate base as a combi 
nation of the Br¢nsted acid and a LeWis acid, include 
tri?uoromethanesulfonate anion (CF3SO3)_, bis(tri?uo 
romethane-sulfonyl)methyl anion, bis(tri?uoromethane 
sulfonyl)benZyl anion, bis(tri?uoromethanesulfonyl)amide, 
perchlorate anion (ClO4)_, tri?uoroacetate anion 
(CF3COO)_, hexa?uoroantimony anion (SbF6)_, ?uorosul 
fonate anion (FSO3)_, chlorosulfonate anion (ClSO3)_, ?uo 
rosulfate anion/antimony penta?uoride (FSO3/SbF5)_, ?uo 
rosulfonate anion/arsenic penta?uoride (FSO3/AsF5)_ and 
tri?uoromethanesulfonate anion/antimony penta?uoride 
(CF3SO3/SbF5)_. 
[0046] Examples of the compound of component (b-2) 
include triethylammonium tetraphenyl borate, tri-n-buty 
lammonium tetraphenyl borate, trimethylammonium tet 
raphenyl borate, teraethylammonium tetraphenyl borate, 
methyl(tri-n-butyl)ammonium tetraphenyl borate, benZyl 
(tri-n-butyl)ammonium tetraphenyl borate, dimethyldiphe 
nyl-ammonium tetraphenyl borate, triphenyl(methyl)ammo 
nium tetraphenyl borate, trimethylanilinium tetraphenyl 
borate, methylpyridinium tetraphenyl borate, benZylpyri 
dinium tetraphenyl borate, methyl (2-cyanopyridinium)tet 
raphenyl borate, triethylammonium tetrakis(penta?uorophe 
nyl)borate, tri-n-butylammonium 
tetrakis(penta?uorophenyl)borate, tripentylammonium tet 
rakis(penta?uorophenyl)borate, tetra-n-butylammonium tet 
rakis(penta?uorophenyl)borate, tetraethylammonium tetrak 
is(penta?uorophenyl)borate, benZyl(tri-n-butyl)ammonium 
tetrakis(penta?uorophenyl)borate, methyldiphenylammo 
nium tetrakis(penta?uorophenyl)borate, triphenyl(methy 
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l)ammonium tetrakis(pentatluorophenyl)borate, methyla 
nilinium tetrakis(penta?uorophenyl)borate, 
dimethylanilinium tetrakis(penta?uorophenyl)borate, trim 
ethylanilinium tetrakis(penta?uorophenyl)borate, methylpy 
ridinium tetrakis(penta?uorophenyl)borate, benZylpyri 
dinium tetrakis(penta?uorophenyl)borate, methyl(2 
cyanopyridinium)tetrakis(penta?uorophenyl)borate, 
benZyl(2-cyanopyridinium)tetrakis(pen 
ta?uorophenyl)borate, methyl(4-cyanopyridinium)tetrak 
is(penta?uorophenyl)borate, triphenylphosphonium tetrak 
is(penta?uorophenyl)borate, dimethylanilinium tetrakis 
[bis(3,5-ditri?uoromethyl)phenyl]borate, ferrocenium 
tetraphenyl borate, silver tetraphenyl borate, trityl tetraphe 
nyl borate, tetraphenylporphyrin manganese tetraphenyl 
borate, ferrocenium tetrakis(penta?uorophenyl)borate, (1,1‘ 
dimethylferrocenium)tetrakis(penta?uorophenyl)borate, 
decamethylferrocenium tetrakis(penta?uorophenyl)borate, 
silver tetrakis (penta?uorophenyl)borate, trityl tetrakis(pen 
ta?uorophenyl)borate, lithium tetrakis(penta?uorophe 
nyl)borate, sodium tetrakis(penta?uorophenyl)borate, tet 
raphenylporphyrin manganese 
tetrakis(penta?uorophenyl)borate, silver tetra?uoroborate, 
silver hexa?uorophosphate, silver hexa?uoroarsenate, silver 
perchlorate, silver tri?uoroacetate and silver tri?uo 
romethanesulfonate. 

[0047] The compounds of component (b-2) may be used 
singly or in combination of tWo or more. 

[0048] The relative amounts of component (A) and com 
ponent (B) used in the present invention are as folloWs: 
When component (b-1) is used as component (B), the ratio 
of the amounts by mole of component (A) to component (B) 
is preferably 1:1 to 1:1,000,000 and more preferably 1:10 to 
10,000 and, When component (b-2) is used as component 
(B), the ratio of the amounts by mole of component (A) to 
component (B) is preferably 10:1 to 1:100 and more pref 
erably 2:1 to 1:10. As component (B), any of component 
(b-1) and component (b-2) may be used singly or in com 
bination of tWo or more. 

[0049] The catalyst for producing a polymer of an ot-ole?n 
used in the present invention may comprise component (A) 
and component (B) described above as the main components 
or component (A), component (B) and (C) an organoalumi 
num compound as the main components. As the organoalu 
minum compound of component (C), a compound repre 
sented by general formula (VII) is used. 

[0050] In general formula (VII), R62 represents an alkyl 
group having 1 to 10 carbon atoms, Q represents 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. 

[0051] Examples of the compound represented by general 
formula (VII) include trimethylaluminum, triethylalumi 
num, triisopropylaluminum, triisobutylaluminum, dimethy 
laluminum chloride, diethylaluminum chloride, methylalu 
minum dichloride, ethylaluminum dichloride, 
dimethylaluminum ?uoride, diisobutylaluminum hydride, 
diethylaluminum hydride and ethylaluminum sesquichlo 
ride. The organoaluminum compound may be used singly or 
in combination of tWo or more. Component (C) is used in 
such an amount that the ratio of the amounts by mole of 
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component (A) to component (C) is preferably 1:1 to 
1:10,000 and more preferably 1:5 to 1:2,000 and most 
preferably 1:10 to 1:1,000. By using component (C), the 
polymerization activity based on the amount of the transition 
metal can be increased. HoWever, When the amount of 
component (C) exceeds the above range, a portion of the 
organoaluminum compound is not utiliZed and residues of 
the organoaluminum compound remains in the polymer in a 
great amount. Therefore, such an amount is not preferable. 

[0052] In the present invention, at least one of the com 
ponents of the catalyst may be supported on a suitable 
support. The type of the support is not particularly limited. 
A support of an inorganic oxide, an inorganic support other 
than oxides or an organic support may be used. From the 
standpoint of controlling morphology, a support of an inor 
ganic oxide or an inorganic support other than oxides is 
preferable. 

[0053] Examples of the support of an inorganic oxide 
include SiO2, A1203, MgO, ZrO2, TiO2, Fe2O3, B203, CaO, 
ZnO, BaO, ThO2 and mixtures of these compounds and, 
more speci?cally, silica-alumina, Zeolite, ferrite and glass 
?ber. Among these substances, SiO2 and A1203 are prefer 
able. The above inorganic support may contain small 
amounts of carbonates, nitrates and sulfates. Examples of 
the inorganic support other than oxides include magnesium 
compounds represented by MgR63XX5y such as MgCl2 and 
Mg(OC2H5)2 and complexes of the magnesium compounds. 
In the formula, R63 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, X5 represents 
a halogen atom or an alkyl group having 1 to 20 carbon 
atoms, x represents a number of 0 to 2, y represents a number 
of 0 to 2 and x+y=2. Aplurality of groups represented by R63 
may be the same With or different from each other and a 
plurality of groups and atoms represented by X5 may be the 
same With or different from each other. 

[0054] Examples of the organic support include polymers 
such as polystyrene, copolymers of styrene and divinylben 
Zene, polyethylene, polypropylene, substituted polystyrenes 
and polyarylates, starch and carbon black. As the support 
used in the present invention, MgCl2, MgCl(OC2H5), 
Mg(OC2H5)2, SiO2 and A1203 are preferable. The properties 
of the support are different depending on the type and the 
process of preparation. The average particle diameter is, in 
general, 1 to 300 pm, preferably 10 to 200 pm and more 
preferably 20 to 100 pm. When the average particle diameter 
is smaller than the above range, the amount of ?ne poWder 
in the polymer increases. When the average particle diam 
eter exceeds the above range, the amount of rough particles 
in the polymer increases and a decrease in the bulk density 
and clogging of a hopper may take place. The speci?c 
surface area of the support is, in general, 1 to 1,000 m2/g and 
preferably 50 to 500 m2/g. The volume of pores is, in 
general, 0.1 to 5 cm3/g and preferably 0.3 to 3 cm3/g. When 
any of the speci?c surface area and the volume of pores is 
outside the above ranges, the catalyst activity occasionally 
decreases. The speci?c surface area and the volume of pores 
can be obtained, for example, from the volume of adsorbed 
nitrogen gas in accordance With the BET method (J. Am. 
Chem. Soc., 60, 309 (1983)). It is preferable that the above 
support is used after being calcined, in general, at 150 to 
1,000° C. and preferably at 200 to 800° C. 
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[0055] When the catalyst component is supported on the 
support described above, it is preferable that at least one of 
components (A) and (B) is supported and it is more prefer 
able that components (A) and (B) are both supported. The 
process for supporting at least one of components (A) and 
(B) is not particularly limited. Examples of the process 
include a process in Which at least one of components (A) 
and (B) is mixed With a support; (ii) a process in Which a 
support is treated With an organoaluminum compound or a 
silicon compound having a halogen and then at least one of 
components (A) and (B) is mixed With the treated support in 
an inert solvent; (iii) a process in Which a support, at least 
one of components (A) and (B) and an organoaluminum 
compound or a silicon compound having a halogen are 
reacted; (iv) a process in Which component (A) or compo 
nent (B) is supported on a support and then mixed With 
component (B) or component (A), respectively; (v) a process 
in Which a product of a catalytic reaction of components (A) 
and (B) is mixed With a support; and (vi) a process in Which 
a catalytic reaction of components (A) and (B) is conducted 
in the presence of a support. In the reactions described 
above, an organoaluminum compound of component (C) 
may be added. 

[0056] The catalyst obtained as described above may be 
used for the polymeriZation Without further treatments or 
may be taken out as a solid product after the solvent is 
removed and used for the polymeriZation. In the present 
invention, the operation for supporting at least one of 
components (A) and (B) on a support may be conducted in 
the polymeriZation system so that the polymeriZation cata 
lyst is formed. For example, at least one of components (A) 
and (B), a support and an organoaluminum compound of 
component (C), Where necessary, are placed into the poly 
meriZation system and particles of the catalyst are formed by 
a preliminary polymeriZation conducted by passing an ole?n 
such as ethylene at an ordinary pressure to 2 MPa at 20 to 
200° C. for 1 minute to 2 hours. 

[0057] In the present invention, it is preferable that com 
ponent (A) and the support described above are used in 
amounts such that the ratio of the amounts by Weight is 1:0.5 
to 1:1,000 and more preferably 1:1 to 1:50. It is preferable 
that component (B) and the support are used in amounts such 
that the ratio of the amounts by Weight is 1:5 to 1:10,000 and 
more preferably 1:10 to 1:500. When a mixture of tWo or 
more types of components are used as component (B), it is 
preferable that the relative amounts by mass of each com 
ponent of component (B) and the support is in the above 
range. It is preferable that component (A) and the support 
described above are used in amounts such that the ratio of 
the amounts by Weight is 1:5 to 1:10,000 and more prefer 
ably 1:10 to 1:500. When the relative amounts of component 
(B) (either component (A) or component and the 
support or the relative amounts of component (A) and the 
support are outside the above range, the activity occasion 
ally decreases. The polymeriZation catalyst of the present 
invention prepared as described above has an average par 
ticle diameter, in general, in the range of 2 to 200 pm, 
preferably in the range of 10 to 150 pm and more preferably 
in the range of 20 to 100 pm; a speci?c surface area, in 
general, in the range of 20 to 1,000 m2/g and preferably in 
the range of 50 to 500 m2/g. When the average particle 
diameter is smaller than 2 pm, the amount of ?ne particles 
in the polymer occasionally increases. When the average 
particle diameter exceeds 200 pm, the amount of rough 
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particles in the polymer occasionally increases. When the 
speci?c surface area is smaller than 20 m2/g, the activity 
occasionally decreases. When the speci?c surface area 
exceeds 1,000 m2/g, the bulk density of the polymer occa 
sionally decreases. In the present invention, it is preferable 
that the amount of the transition metal per 100 g of the 
support is, in general, in the range of 0.05 to 10 g and 
preferably in the range of 0.1 to 2 g. When the amount of the 
transition metal is outside the above range, the activity 
occasionally decreases. An industrially advantageous pro 
cess can be obtained by supporting the catalyst as described 
above. 

[0058] As the ot-ole?n having 4 or more carbon atoms 
used in the present invention, an ot-ole?n having 4 to 20 
carbon atoms is preferable. Examples of the ot-ole?n include 
1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-hep 
tene, 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-eicocene. The ot-ole?n may be used singly or in 
combination of tWo or more. Among the above ot-ole?ns, 
ot-ole?ns having 4 to 14 carbon atoms are preferable and 
ot-ole?ns having 6 to 10 carbon atoms Which are easily 
available and have loW prices are more preferable. 

[0059] In the present invention, the process for polymer 
iZation is not particularly limited. Any of the slurry poly 
meriZation, the gas phase polymeriZation, the bulk polymer 
iZation, the solution polymeriZation and the suspension 
polymeriZation may be used. As for the conditions of 
polymeriZation, the temperature of polymeriZation is, in 
general, in the range of —100 to 250° C., preferably in the 
range of —50 to 200° C. and more preferably in the range of 
0 to 160° C. As for the amount of the catalyst relative to the 
amount of the raW material of the reaction, it is preferable 
that the ratio of the amounts by mole of the monomer of the 
raW material to component (A) is in the range of 1 to 108 and 
more preferably in the range of 100 to 105. The time of 
polymeriZation is, in general, in the range of 5 minutes to 10 
hours. The pressure of polymeriZation is preferably in the 
range of an ordinary pressure to 20 MPa and more preferably 
in the range of an ordinary pressure to 10 MPa. 

[0060] In the process of the present invention, it is pref 
erable that hydrogen is added in the polymeriZation of an 
ot-ole?n having 4 or more carbon atoms since the polymer 
iZation activity is enhanced. When hydrogen is added, the 
pressure of hydrogen is, in general, in the range of an 
ordinary pressure to 5 MPa, preferably in the range of an 
ordinary pressure to 3 MPa and more preferably in the range 
of an ordinary pressure to 2 MPa. When a solvent is used for 
the polymeriZation, an aromatic hydrocarbon such as ben 
Zene, toluene, xylene and ethylbenZene, an alicyclic hydro 
carbon such as cyclopentane, cyclohexane and methylcy 
clohexane, an aliphatic hydrocarbon such as pentane, 
hexane, heptane and octane or a halogenated hydrocarbon 
such as chloroform and dichloromethane can be used as the 
solvent. The solvent may be used singly or in combination 
of tWo or more. A monomer such as 1-butene may be used 
as the solvent. The polymeriZation may be conducted With 
out using any solvents depending on the process of the 
polymeriZation. 

[0061] In the present invention, a preliminary polymeriZa 
tion may be conducted using the above polymeriZation 
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catalyst. The preliminary polymeriZation can be conducted, 
for example, by bringing a small amount of an ole?n into 
contact With a solid component of the catalyst. The process 
of the preliminary polymeriZation is not particularly limited 
and a conventional process can be used. The ole?n used for 
the preliminary polymeriZation is not particularly limited. 
For example, ethylene, an ot-ole?n having 3 to 20 carbon 
atoms or a mixture of these ole?ns may be used. It is 
advantageous that the same ole?n as the monomer used for 
the polymeriZation is used. The temperature of the prelimi 
nary polymeriZation is, in general, in the range of —20 to 
200° C., preferably in the range of —10 to 130° C. and more 
preferably in the range of 0 to 80° C. In the preliminary 
polymeriZation, inert hydrocarbons, aliphatic hydrocarbons, 
aromatic hydrocarbons and monomers may be used as the 
solvent. Among these solvents, aliphatic hydrocarbons are 
preferable. The preliminary polymeriZation may be con 
ducted Without any solvents. In the preliminary polymeriZa 
tion, it is preferable that the condition of the polymeriZation 
is adjusted so that the product of the preliminary polymer 
iZation has an intrinsic viscosity [1]] (as measured in decaline 
at 135° C.) of 0.1 dl/g or greater and the amount of the 
product of the preliminary polymeriZation is in the range of 
1 to 10,000 g and more preferably in the range of 10 to 1,000 
g per 1 mmole of the transition metal component of the 
catalyst. The copolymer of an ot-ole?n of the present inven 
tion can be obtained efficiently in accordance With the 
process described above. 

[0062] The molecular Weight of the polymer can be 
adjusted by suitably selecting the type and the amount of the 
catalyst components and the temperature of polymeriZation. 
The molecular Weight can also be adjusted by conducting 
the polymeriZation in the presence of hydrogen. An inert gas 
such as nitrogen gas may be present during the polymeriZa 
tion. 

[0063] 2. The Polymer of an ot-ole?n 

[0064] The polymer of an ot-ole?n is obtained in accor 
dance With the process for producing a polymer of an 
ot-ole?n described above. 

[0065] It is preferable that the polymer of an ot-ole?n of 
the present invention has a Weight-average molecular Weight 
in the range of 300 to 1,000,000 as measured in accordance 
With the gel permeation chromatography. When the Weight 
average molecular Weight is smaller than 300, the molecular 
Weight is so loW that the effect as a component of lubricant 
is occasionally not obtained. When the molecular Weight 
exceeds 1,000,000, the molecular Weight is so high that the 
effect as a component of lubricant is occasionally not 
obtained. From the standpoint of the above effect, it is more 
preferable that the molecular Weight is in the range of 300 
to 500,000. The method of obtaining the molecular Weight 
in accordance With the gel permeation chromatography Will 
be described in detail in EXAMPLES. 

[0066] It is preferable that the polymer of an ot-ole?n of 
the present invention has an intrinsic viscosity [1]] in the 
range of 0.01 to 20 dl/g as measured in decaline at 135° C. 
When [11] is smaller than 0.01 dl/g, the intrinsic viscosity is 
so loW that the effect as a component of lubricant is 
occasionally not obtained. When [11] exceeds 20 dl/g, the 
intrinsic viscosity is so high that the effect as a component 
of lubricant is occasionally not obtained. From the stand 
point of the above effect, it is more preferable that the 
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intrinsic viscosity is in the range of 0.1 to 10 dl/g and most 
preferably in the range of 0.1 to 5 dl/g. 

[0067] It is preferable that the polymer of an ot-ole?n of 
the present invention has a ratio (MW/Mn) of the Weight 
average molecular Weight (MW) to the number average 
molecular Weight (Mn), as measured in accordance With the 
gel permeation chromatography, satisfying the folloWing 
relation: 

more preferably, the folloWing relation: 

and most preferably, the folloWing relation: 

[0070] The polymer of an ot-ole?n of the present invention 
may be hydrogenated. When the polymer of an ot-ole?n is 
used as lubricant, a hydrogenated polymer of an ot-ole?n 
obtained from the above polymer of an ot-ole?n is prefer 
able. The process for hydrogenation is not particularly 
limited and a process suitably selected from conventional 
processes can be used. 

[0071] 3. The Lubricant 

[0072] The lubricant of the present invention comprises at 
least one of the polymer of an ot-ole?n and the hydrogenated 
polymer of an ot-ole?n obtained from the polymer of an 
ot-ole?n. The lubricant of the present invention comprises at 
least one of the polymer of an ot-ole?n and the hydrogenated 
polymer of an (x-ole?n obtained from the polymer of an 
ot-ole?n in an amount of 0.01 to 100% by Weight. The form 
of application of the lubricant of the present invention is not 
particularly limited. At least one of the polymer of an 
ot-ole?n and the hydrogenated polymer of an ot-ole?n 
obtained from the polymer of an ot-ole?n may be used as the 
base oil. As the base oil, polymers having a Wide range of 
molecular Weight can be used. When a polymer having a 
relatively loW molecular Weight (a Weight-average molecu 
lar Weight in the range of 300 to 3,000) is used as the base 
oil, the polymer may be used singly or as a mixture With 
other base oils. The content of the polymer in the base oil is 
not particularly limited. In general, the content is in the 
range of 1 to 100% by Weight. 

[0073] As an example of other forms of application of the 
lubricant, at least one of the polymer of an ot-ole?n and the 
hydrogenated polymer of an ot-ole?n obtained from the 
polymer of an ot-ole?n is used as an additive to lubricant. 
For example, the polymer is added to lubricant as the 
viscosity index improver. In this case, it is preferable that a 
polymer of an ot-ole?n having a relatively high molecular 
Weight is used. For example, as the polymer of ot-ole?n 
having a high molecular Weight, a polymer having a Weight 
average molecular Weight Which exceeds 3,000 and is 200, 
000 or smaller is used. The amount of the polymer added to 
the lubricant is, in general, in the range of 0.01 to 50% by 
Weight. 
[0074] The lubricant of the present invention may further 
comprise various suitable conventional additives as long as 
the object of the present invention is not adversely affected. 
Examples of the additive include extreme pressure agents 
containing phosphorus such as phosphoric acid esters and 
phosphorous acid esters; oiliness improvers such as car 
boxylic acids such as oleic acid, stearic acid and dimer acid 

J an. 24, 2002 

and esters of carboxylic acids; antiWear agents such as Zinc 
dithiophosphate (ZnDTP, excluding allyl-type compounds), 
Zinc dithiocarbamate (ZnDTC), molybdenum oxysul?de 
dithiocarbamate (MoDTC), nickel dithiophosphate (NiDTP) 
and nickel dithiocarbamate (NiDTC); antioxidants such as 
amine antioxidants and phenol antioxidants; metal inactiva 
tors such as thiadiaZole and benZotriaZole; sludge dispers 
ants such as alkenylsuccinic acids and esters and imides of 
alkenylsuccinic acids; rust preventives such as sorbitan 
esters and sulfonates, phenates and salicylates of neutral 
alkaline earth metals; and defoaming agents such as dim 
ethylpolysiloxane and polyacrylates. 

[0075] The type of the lubricant of the present invention is 
not particularly limited. Examples of the lubricant include 
gasoline engine oil (for 2-cycle and 4 cycle engines), oil for 
internal combustion engines such as Diesel engine oil, gear 
oil, ATF, PSF, oil for driving systems and chassis such as 
shock absorber oil, turbine oil, hydraulic oil, transmission 
oil, machine oil, oil for apparatuses such as refrigerating oil, 
oil for machine Working such as rolling oil, cutting oil and 
heat treatment oil, and grease. 

[0076] To summariZe the advantages of the present inven 
tion, the polymer of an ot-ole?n Which is useful as a 
component of lubricant is efficiently obtained. 

EXAMPLES 

[0077] The present invention Will be described more spe 
ci?cally With reference to examples in the folloWing. HoW 
ever, the present invention is not limited to the examples. 
Physical properties of a polymer of an ot-ole?n and a 
hydrogenated polymer obtained from a polymer of an ot-ole 
?n Were evaluated in accordance With the folloWing meth 
ods. 

[0078] (1) MW/Mn 
[0079] MW/Mn Was measured using an apparatus manu 
factured by NIPPON BUNKO Co., Ltd., GPC-880 (the 
column: TSKGMH-6><1 manufactured by TOSO Co., Ltd. 
and GL-A120><1 and GL-A130><1 manufactured by HITA 
CHI SEISAKUSHO Co., Ltd.) in chloroform as the solvent 
at a temperature of 23° C. and expressed as MW/Mn of the 
corresponding polystyrene. 

[0080] (2) Pour Point 

[0081] The pour point Was measured in accordance With 
the method of Japanese Industrial Standard K 2269. 

[0082] (3) Kinematic Viscosity and Viscosity Index 

[0083] The kinematic viscosity Was measured in accor 
dance With the method of Japanese Industrial Standard K 
2283. The viscosity index Was calculated from the kinematic 
viscosity in accordance With the method of Japanese Indus 
trial Standard K 2283. 

Example 1 

[0084] (1) Synthesis of (1,1‘-dimethylsilylene)(2,2‘-iso 
propylidene)bis(indenyl)Zirconium dichloride 

[0085] Into a three-necked ?ask Which Was purged 
With nitrogen, 10.8 g (444 mmoles) of Mg and 45 ml of 
tetrahydrofuran (THF) Were placed and then 0.6 ml of 
1,2-dibromomethane Was added. After the resultant 
mixture Was stirred for 5 minutes, the solvent Was 
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removed and then 200 ml of THF Was added. Asolution 

prepared by dissolving 18.3 g (105 mmoles) of ot,ot 
dichloro-o-xylene in 300 ml of THF Was added drop 
Wise to the obtained mixture at the room temperature 
over 3 hours. The reaction mixture Was further stirred 

at the room temperature for 15 hours. 

[0086] The reaction mixture Was cooled to —78° C. and 
100 ml of a THF solution containing 6.6 g (36.2 mmoles) of 
diethyl dimethylmalonate Was added dropWise to the reac 
tion mixture over 1 hour. After the resultant mixture Was 

further stirred at the room temperature for 2 hours, 100 ml 
of Water Was added. The obtained reaction mixture Was 

?ltered under suction. After the solvent in the ?ltrate Was 
removed by distillation in vacuo, a 1 N aqueous solution of 
ammonium chloride Was added and the resultant mixture 
Was subjected to extraction With dichloromethane. The 
organic phase Was Washed With 100 ml of Water tWice and 
dried With magnesium sulfate. After the solvent Was 
removed by distillation, a yelloW oily substance Was 
obtained. The obtained substance Was puri?ed in accordance 
With the column chromatography and recrystalliZed from 
hexane and 4.8 g (the yield: 44%) of colorless crystals of 
compound (1) Were obtained. 

[0087] The result of the measurement of 1H-NMR Was as 
folloWs: 

[0088] lH-NMR cnclg) 0; 1.235 (s, 6H, CH3), 3.002 (d, 
J=16.4 HZ), 3.470 (d, J=16.4 HZ), (8H, CH2), 3.767 (s, 2H, 
OH) and 7.2 to 7.4 (m, 8H, PhH) 

Me Me 

[0089] (Me represents methyl group; the same in the 
formulae shoWn hereinafter.) 

[0090] (ii) Compound (1) in an amount of 4.8 g (15.9 
mmoles) Was dissolved in 30 ml of dichloromethane. 
To the resultant solution, 3.04 g (15.9 mmoles) of 
p-toluenesulfonic acid Was added and the mixture Was 
heated under re?uxing for 8 hours. The reaction mix 
ture Was Washed With an aqueous solution of sodium 

hydrogencarbonate and Water, successively, and dried 
With anhydrous magnesium sulfate. After the solvent 
Was removed by distillation, a yelloW oily substance 
Was obtained. The obtained substance Was puri?ed in 
accordance With the column chromatography and 
recrystalliZed from hexane and 2.3 g (the yield: 54%) 
of compound (2) Was obtained. 

[0091] The result of the measurement of 1H-NMR Was as 
folloWs: 

[0092] lH-NMR CDC13) 6: 1.586 (s, 6H, CH3), 3.470 (s, 
4H, CH2), 3.767 (s, 2H, CpH) and 6.9 10 7.5 (m, 8H, PhH) 
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Me Me 

[0093] (iii) Into a Schlenk tube purged With nitrogen, 
6.2 g (22.7 mmoles) of compound (2) and 50 ml of 
diethyl ether Were placed. 

[0094] The above solution Was cooled at —78° C. and 28.4 
ml (45.4 mmoles) of a solution of butyllithium (1.60 moles/ 
liter) Was added dropWise. After the resultant mixture Was 
stirred at the room temperature for 3 hours, the supernatant 
liquid Was removed and the precipitates Were Washed tWice 
With 20 ml of diethyl ether. After being dried in vacuo, White 
poWder of dilithium salt (3) Was obtained. 

MeMe 

:: \/ : : C 

[0095] (iv) Dilithium salt (3) obtained above Was dis 
solved in 100 ml of THF and 3.0 g (22.7 mmoles) of 
dichlorodimethylsilane Was added dropWise at the 
room temperature. After the resultant mixture Was 
stirred at the room temperature for 3 hours, the solvent 
Was removed by distillation and then 100 ml of Water 
Was added. The aqueous phase Was subjected to extrac 
tion With 200 ml of dichloromethane and the organic 
phase Was Washed tWice With Water and dried With 
anhydrous magnesium sulfate. After the solvent Was 
removed by distillation and the obtained solid sub 
stance Was recrystalliZed from hexane, 6.5 g (the yield: 
86.5%) of colorless crystals of compound (4) Were 
obtained. 

[0096] The result of the measurement of 1H-NMR Was as 
folloWs: 

[0097] 1H-NMR(CDC13) 6: -0.354 (s, 6H, SiCH3), 1.608 
(s, 6H, CCH3), 3.347 (s, 2H, SiCH), 6.785 (s, 2H, CpH) and 
6.9 10 7.6 (m, 8H, PhH) 

2. 

(Li+)2 

Me Me 

[0098] (v) Into a Schlenk tube purged With nitrogen, 0.9 
g (2.7 mmoles) of compound (4) and 50 ml of hexane 
Were placed. The above solution Was cooled at 0° C. 
and 3.4 ml (5.4 mmoles) of a solution of butyllithium 
(1.60 moles/liter) Was added dropWise. After the result 
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ant mixture Was stirred at the room temperature for 3 
hours, the supernatant liquid Was removed and the 
precipitates Were Washed tWice With 50 ml of hexane. 
After the remaining solid substance Was dried in vacuo, 
pink poWder of dilithium salt (5) Was obtained. 

Me Me 

Me Me 

[0099] (vi) To dilithium salt (5) obtained above, 50 ml 
of toluene Was added. To the obtained suspension, 20 
ml of a suspension containing 0.63 g (2.7 mmoles) of 
Zirconium tetrachloride Was added dropWise at 0° C. 
After the resultant mixture Was stirred at the room 
temperature for 24 hours, the precipitates Were 
removed by ?ltration and the ?ltrate Was concentrated. 
After recrystallization from a mixture of toluene and 
hexane, 0.24 g (the yield: 19%) of yelloWish orange 
crystals of compound (6) Were obtained. 

[0100] The result of the measurement of 1H-NMR Was as 
folloWs: 

[0101] 1H-NMR(CDC13) 6: -0.172 (s, 3H, SiCH3), 0.749 
(s, 3H, SiCH3), 1.346 (s, 3H, CCH3), 2.141 (s, 3H, CCH3), 
6.692 (s, 2H, CpH) and 6.9 10 8.1 (m, 8H, PhH) 

[0102] (2) Polymerization of 1-octene 

[0103] Into an autoclave made of stainless steel and hav 
ing an inner volume of 1 liter, Which Was dried suf?ciently 
and purged With nitrogen, 200 ml of 1-octene and 5 mmoles 
of methylaluminoxane (as 2.5 ml of a heptane solution 
having a concentration of 2.0 mmoles/ml) Were placed. 
Then, hydrogen Was introduced so that the pressure Was 
adjusted at 0.2 MPaG and the temperature Was raised to 65° 
C. Into the reactor, 5 micromoles of (1,1‘-dimethylsilylene) 
(2,2‘-isopropylidene)bis(indenyl)Zirconium dichloride (as 1 
ml of a heptane solution having a concentration of 5 micro 
moles/ml) Was added and the polymeriZation Was started. 
After 30 minutes, 10 ml of methanol Was added and the 
polymeriZation Was terminated. The content Was taken out 
and solid substances Were removed by ?ltration through a 
?lter paper 2C manufactured by TOYO ROSHI Co., Ltd. 
From the obtained solution, heptane, the raW materials of the 
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reaction and methanol Were removed using a rotary evapo 
rator (under a vacuum of about 1.0><10_4 MPa in an oil bath 
at 100° C.) and 40 g of a colorless transparent liquid Was 
obtained. The results of evaluation obtained in accordance 
With the methods described above are shoWn in Table 1. 

Example 2 

[0104] The same procedures as those conducted in 
Example 1 Were conducted except that the pressure of 
hydrogen Was adjusted at 0.7 MPaG and 62 g of a colorless 
transparent liquid Was obtained. The results of evaluation 
obtained in accordance With the methods described above 
are shoWn in Table 1. 

Example 3 

[0105] The same procedures as those conducted in 
Example 1 Were conducted except that 1-dodecene Was used 
in place of 1-octene, 10 mmoles of methylaluminoxane (as 
5.0 ml of a hexane solution having a concentration of 2.0 

mmoles/ml) Was used and 10 micromoles of (1,1‘-dimeth 
ylsilylene) (2,2‘-isopropylidene)bis(indenyl)Zirconium 
dichloride (as 2 ml of a heptane solution having a concen 
tration of 5 micromoles/ml) Was used and 80 g of a colorless 
transparent liquid Was obtained. The results of evaluation 
obtained in accordance With the methods described above 
are shoWn in Table 1. 

Example 4 

Hydrogenation of a Polymer of an ot-ole?n 

[0106] (1) Preparation of a Catalyst 

[0107] Into a 2 liter autoclave made of SUS 316 stainless 
steel, 100 g of nickel diatomaceous earth (manufactured by 
NIKKI KAGAKU Co., Ltd.; N-113) and 300 ml of 2,2,4 
trimethylpentane Were placed. After the autoclave Was 
purged With hydrogen, the pressure of hydrogen Was raised 
to 2.0 MPaG and the temperature Was raised to 140° C. The 
autoclave Was kept in this condition for 1 hour and then 
cooled to the room temperature and a catalyst Was prepared. 

[0108] (2) Hydrogenation 

[0109] The autoclave containing the catalyst prepared 
above Was opened after being purged With nitrogen and 50 
g of the polymer of 1-octene obtained in Example 2 Was 
placed into the autoclave. After the autoclave Was purged 
With hydrogen, the pressure of hydrogen Was raised to 2.0 
MPaG and the temperature Was raised to 120° C. The 
autoclave Was kept in this condition for 2 hours and then 
cooled to the room temperature. The autoclave Was opened 
after being purged With nitrogen and the reaction mixture 
Was taken out. The catalyst Was removed from the reaction 
mixture by ?ltration. From the obtained solution, 2,2,4 
trimethylpentane Was removed using a rotary evaporator 
(under a vacuum of about 1.0><10_4 MPa in an oil bath at 
100° C.) and 47 g of a colorless transparent liquid Was 
obtained. The results of evaluation obtained in accordance 
With the methods described above are shoWn in Table 1. 
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TABLE 1 

Example 1 Example 2 Example 3 Example 4 

Number-average 2550 2080 3470 — 

molecular weight (Mn) 
Weight-average 6830 3430 5920 — 

molecular weight (Mw) 
Mw/Mn 2.68 1.65 1.71 — 

Kinemtic Viscosity 1620 382.3 419.0 389.0 
(mm2/s at 400 C.) 
Kinemtic Viscosity 139.0 42.95 53.61 43.06 
(mm2/s at 1000 C.) 
Viscosity index 192 168 195 166 
Pour point ‘O C.) —37.5 —50.0 —25.0 —50.0 

What is claimed is: 
1. Aprocess for producing a polymer of an ot-ole?n which 

comprises polymerizing an ot-ole?n having at least 4 carbon 
atoms in a presence of a catalyst for producing polymers of 
ole?ns which comprises: 

(A) at least one compound selected from transition metal 
compounds represented by following general formulae 
(I) and (II): 

(1) 
Y1 

R3 R6 

Y2 

R2 R5 

R1 /M1 R4 
x1 \x2 

(11) 
(R10)3 R11 

E R12 
X4 

/ 
4 3 2 M 

\X3 

Jan. 24, 2002 

wherein R1 to R12 and X1 to X4 each independently 
represent hydrogen atom, a halogen atom, a hydrocar 
bon group having 1 to 20 carbon atoms, a hydrocarbon 
group having 1 to 20 carbon atoms and a halogen atom, 
a group having silicon, a group having oxygen, a group 
having sulfur, a group having nitrogen or a group 
having phosphorus; adjacent groups among groups 
represented by R1 to R12 and X1 to X4 may form a ring 
by forming bonds between each other; three groups 
represented by R9 may be the same with or different 
from each other; three groups represented by R10 may 
be the same with or different from each other; Y1 to Y4 
each independently represent a divalent group which 
forms a bond between two ligands and is selected from 
hydrocarbon groups having 1 to 20 carbon atoms, 
hydrocarbon groups having 1 to 20 carbon atom and a 
halogen atom, a group having silicon, a group having 
germanium, a group having tin, —O—, —CO—, 
—S—, —SO2—, —NR13—, —PR13—, —P(O)R13—, 
—BR13— and —AlR13—, R13 representing hydrogen 
atom, a halogen atom, a hydrocarbon group having 1 to 
20 carbon atoms or a hydrocarbon group having 1 to 20 
carbon atoms and a halogen atom, and M1 and M2 each 
independently represent a transition metal of Groups 4 
to 6 of the Periodic Table; and 

(B) at least one compound selected from (b-1) organoalu 
minum oxy compounds and (b-2) ionic compounds 
which can be converted into cations by reaction with 
the transition metal compounds of component 

2. A process according to claim 1, wherein the groups 
represented by Y1 and Y2 in general formula (I) representing 
the transition metal compound are each bonded to ligands in 
a meso form. 

3. A process according to claim 1, which comprises 
polymerizing an ot-ole?n having at least 4 carbon atoms in 
a presence of hydrogen. 

4. A polymer of an ot-ole?n which is obtained in accor 
dance with a process described in claim 1 and has a 
weight-average molecular weight in a range of 300 to 
1,000,000. 

5. Apolymer of an ot-ole?n which is obtained by hydro 
genating a polymer of an ot-ole?n described in claim 4. 

6. A lubricant which comprises a polymer of an ot-ole?n 
described in claim 4. 


