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 machings, further improvement in performance has been
requested for those lubricating oils as Well.sﬁﬁﬁ' QSHP(Tto the improvement in performance of the

lubricating Qi fvarl synthetic Iubricati iIs h ventignally known. For
example, T TSR e RO TA0R DAL LKA SO H-ofutet I Sghe A3 of
component of the synthetic lubricati @AR {5’ t and 2 each disclose a method
of polymerizing 1-decene with a ;ﬁé@gﬁf_ raf '3%21 A@%ﬁ%ﬂﬁm 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
Documeq,te%ﬁﬁ%??gla 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

Documerﬁtﬁglind 7e et%i%%%jgic%m 'tjqutgg? orﬂéwga/(%ﬁg the use of a Zie I%&ﬁfgﬁ‘l atalyst,

and Pate[n ocuments Isclose a production method involving the uSe o tallocene

catalyst. £$004alﬁgfﬁ1e68ﬂ£ﬁ§ragﬂve, variog&ﬁg%rg&% rtb%\fgipggrbgqﬂgqﬂg ly known about a

method o pr% cing an efin polymer ."However, tharacteristics requested of the lubricating oils
have be ISt additional technologi ment has
been reéﬁﬂ?e@%ﬁﬁg gnsregtﬁ?dggfa p?r@gﬁi%%@ garc]ﬂ g:-ole %%polymer. That is, i‘rﬁ%ﬁg\(}(ﬁ@?@ﬁiciency,
reduced ﬁ{éergy_g?éﬁﬂrﬁmjm%_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 optimpgm-lubricaiing, @il 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

[0002] Asacharacteristic,whichhasbeenhitherto requested
forlubricatingoilsforautomobilesandindustrial machines,there
igiverarelativelyhighviscosity. Alongwitha recenimprovement
in performance of automobiles or industrial machine s, further
improvementinperformancehasbeenrequestedfort hoselubricating
oilsaswell. Withregardtotheimprovementinpe rformanceofthe
lubricating oils, developments of various synthetic lubricating
oils have been conventionally known. For example, the following
technologieshave beenknownaboutan o-olefinpolymerasonekind

of component of the synthetic lubricating oils.

[0003] Patent Documents 1 and 2 each disclose a met hod of
polymerizingl-decenewithaFriedel-Craftscatalys tusingaluminum
chloride or boron trifluoride. In addition, an exa mple in which



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 pol E}Er are Problems Coﬂc?mj%iﬁi mo.Iec#c@ Weigoht angd Jow-temperature characteristic. In
addition,%l ?Qﬂ?cgﬂcerninﬁ' 8 ';5‘r§ RO Rods R Ol 8 ngr,'g roblem concerning
polymerization activity, a ro@lpe? copcernin eta lene as an essential compopent,.a problem
concerniﬂbeﬁpe%sc%%ﬁhegr%ﬁ ﬁﬁﬂ‘%@%rtﬁ R @%@BV the addition of a IE?@%”QQ'(EU%? of hydrogen,
or a high reachn temperature a}FDE) Iemgoncerningéiilufion with an inert solvent,%an a problem
concerniRSeaer QQ&%Si\%%ﬁ?ﬁ% s g&é‘% r%:éltﬁngl%v ,'Sec\/%ﬁ when any one of the conventional
methodsno]g%ro ucing an at-olefin pql)érrr]er is eaw%y%dt hé;ls[hbeen difficult to pra Lll_petéamta-olefin

polymer Qitase ora I'lrflgri(pa iHaeoﬂ on grqli'r? us scale Wi aease, and it has'also been difficult to

(0006 P A e O HG b BB BLEh > s 5 367 20 A Blument 5
Documehe A SE B L IBE L K A DACCRE 20 Bz 71330 A Paton? DGR L3P o7-138234
02-1605380 R Eesia, e 1200 ZBEE IIRETME n ocument 12: I 30D J00464 A Patent
Documegs kB A08% 209445 & RAISH PO AT R #905-501957 & Fajeyyogyment 16: WO

2007/0114 ummary of the Invention Pr ms to be solved by the Invention e present

inventiomg@so?%]%ﬁ%}%gi%\g@%mg above circumstances, and an object of the present invention is
thod o ucing a

to provide a me pro a-olefin polymer by which an a-olefin polymer having a viscosity

suitable BiT ina 'UQ@CGBEErFHEBaQHQﬁ/QIQ%WEﬁ% qgmmgqggq{g\gale with ease, a%dggétner, the

characteristics of the product can be widely changed throughthe control of reaction conditions. Means

for SOMrl%mfeﬁtriBm% m%gﬂ%ﬂﬁ‘é{ﬁ{g%ﬁp%d%iﬁq%ﬁem invention ha&eomﬁgﬁomsive studies. As

a result, the inventors have found that the above problems can be solved by using a catalyst obtained

by using apegiic tiansitnisiRitsqraMnds e pERReR invention has beer,gapigiRA on the basis
of such finding. That is, the present invention provides:
become more and more sophisticated, and hence addit ional
technological development has been requested of the method of

producingan a-olefinpolymer. Thatis,improvedfuelefficiency :

reduced energy requirements, and a lengthened lifet ime have been
demandedofeachotthelubricatingoilsinordert hatthelubricating
oilsmaycorrespondtorecentenvironmentalproblem s. Accordingly,
easy production of an o-olefin polymer capable of corresponding

to those problems has beenrequested. In addition, an ability to
produce assorted o-olefin polymers is preferred for providing an

optimum lubricating oil in accordance with each of friction
conditionsandthelike. Forexample,aproduction methodbywhich
the characteristics of an o-olefin polymer can be widely changed



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 (1):
[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, g sulfur atom, a nitrogen atom, and aphqgsphorus atom, at least one selected from Alto
R3 repre@ﬂ@h%&gﬁgﬁ%&r{ %&%FBH@%@?&E%%I‘R4 to R6 represent &% ogen atom, Ra
o three TSR] x4 and Q04 Tt RN Eo Ay YERT LA R AORFGE Som. & halogen albhe
hydrocarbon group having 1 to 20 carbon atgms, or. an organic group having 1 to 20,carbon atoms and
containinsgughe %V{r)%%?e ﬂﬁﬁjg '%?%tgﬁrseé(&@(@gd%f)oorlr)( r5"?1alogen atom, a sili&%ﬁtg{%%%% hoxygen atom,

s su g A NGMER e AP oo o e sem s atarsion pgl
oo R N RSO 0 e shoveg g e
oG OIS 1 MR AIATIRIg aperal o ) et pyocen o
o P SRER SRS Bt g e coch hagpafia 2 caon,
hih s AR ENTRIRR SR SR B0 pesere o O RAGNPR C)

any one mﬁﬁiiﬁgr{ﬁe%}&edfoi"’i'h‘@'ﬂ%‘eﬁh@a% gfinpolygyer is an a-olefin polymegpa 'rr‘f%é"i;‘p'afénc,c‘z%?g; o

viscosity at 100C of 20 to 1,000 mm2/s; 6. the method of producing an a-olefin poly

any one BFcSBf‘e_H%ESrgcé‘?rﬁn. H@E%é@%ﬁﬁl@gﬂ?ﬂﬁ’l@gg@r is an a-olefin polm?ér\e(ﬁmé}f@efin unit

sequence portion has an isotacticity of 20 to 40% a syndiotacticity of 40% or less in terms of triad

eXpreSSi%BhJermﬁgi’t’@%%’cﬂiéW@lBﬁiﬁ%d’&@t@lﬁﬂ%r&%@er according to gy gpR.Akfjee items 110 6,

further including a Step of removing a-olefin-based compounds each having 24 or less carbon atoms

after the pOlHRHANSKSEEMS BRI REYFBRLERSRIRGSE by the production,Belhpg, #eording to

any one of the items 1 to 7,

example, a problem concerning polymerization activi ty, a problem
concerningethyleneasanessentialcomponent,apr oblemconcerning
a reaction condition such as a high pressure, the a ddition of a
largeamountofhydrogen,orahighreactiontemper ature,aproblem
concerningdilutionwithaninertsolvent,andapr oblemconcerning
an expensive catalyst. As described above, even wh en any one of
theconventionaimethodsofproducingan o-olefinpolymernsemployed,
ithas been difficultto produce an o-olefin polymer suitable for
alubricatingoilonanindustrialscalewithease, andithasalso
beendifficulttochangethecharacteristicsofthe o-olefinpolymer

widely through the control of reaction conditions.

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



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 havi ired characteristics with ease. [Brief Description of the
Drawings] [0012? ﬁ&&ﬁ%@&éﬁn%h&%ﬁé lation of a reaction temperature for an a-olefin
polymer production to g kinematic yi ' C of the a-olefin polymer. [Fig.2]It is a drawing
showing a relati%?r?r}t?ga?rﬂ(é%%%\;?{s?ﬁﬁg 8\‘ an a-olefin polymer to a pour point of the a-olefin
polymer. Best Mqgde for carryin t VenLi éo 13][Method of producing a-olefin polymer] A
method of prod’\ﬁ%’}ﬁ%rﬁn[f -%ll}lg?éhgglymié %f$ﬁ§%$ nt invention is a method of producing an a-olefin
polymer, the me&aqgrﬁmgggmﬁréﬂ?gtﬁgs(? pgfyégigilg%\one or more kinds of a-olefins each having 6 to

2 0 carbon atoms with a specific cataly ymerizing step). [0014]In the catalyst used in the present

invention, a tranﬁiéi%rh {Ti%%'u%gﬂﬁ%%%fﬁ?fﬁg%d A)y a general formula (I) is used as a component

(A). [0015][Chem
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] Thepresentinventionhasbeenmadeinview oftheabove
circumstances,andanobjectofthepresentinventi onistoprovide
amethodofproducingan o-olefinpolymerbywhichan o-olefinpolymer
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



[0016]The compound represented by the general formula (1) 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 liggnd such as a doubly crosslinked bis(indenyl)-based metallocene
complex(fg'ﬁ%?g?g{&?&ﬂ%ggﬁag'%q%action 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 hyd ogen atom,or an alkyl group having 1 to 20 carbon atoms, or more preferably a
hydroger%I aet%% i(r) a?%‘ﬂ?ﬂ%'?&ﬁrﬂﬁ 1 to 4 carbon atoms. At least one selected from R4 to R3
represen drogen atom, and at least,one selected from.R4 to R6 represents ahydrogen atom.
e casdigR8 nome AL B e s aredin e GRS, of s o R represiAdes
hydroge | t prefer, ither hec tion condition such asa high pre,s sure

o dmor%%ﬁ%%'éf&%?“& ) '&S%Feéuff{ &Féﬁﬁ%‘ﬁ&%ﬁsﬁ?&vg fBuhdifire

on of a large amoun rogen, or a high reaction temperature, or dilution with

7 and L P Fo e bancing two S Aty rng

oup for bonding two cyclopentadienyl rings with

one to théf%a%@ﬁ%%%n@[ﬁ&?n; I%(a"f‘&f%@@ﬁffiﬁ%ﬁ?e?&ﬁ general formula (QHJQ%&JMEQW 3l

[0018]In general formu ,hrep eger of 1 to 3, R3 and R8 each independently

represenﬁgeiﬁygéﬂﬁg%@% @Qaﬂ%g@ﬁtgﬁ&haﬁmﬂ% carbon group having 1 to 20 carbon atoms, or a
ng ny

halogen-containi rocarbon group having 1 to 20 carbon atoms, preferably a hydrogen atom or a

hydrocarbon gr%@@i% b?@s‘éﬁﬁ%ﬁﬂmowﬁgre 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 exaraple?) of fdandRfaclude -ORR e YGigRer Al fiRFRGRgR2- X2 and X2

each independently represent a 0-bonding ligand, for'example, a hydrogen atom, a halogen atom, a

hydrocarsg@&%r{bagﬁ@&rmg@ sy atoms, or an orgaRic-akgHR HQ\V]H@ ¢ 18 2@ carbon atoms and

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

a sulfur a9fBeA HHREE VAR, ea%ﬁ’ﬁh%%ﬁw B§°ﬁ‘siﬁ§ Rigterably each indepeﬂthﬁéepresent a

halogen atom. M represents a transition metal belohging to any one of Groups 4 to 6 of the periodic

table or prsierBRbRIAY SO TENeRIPeSRgiRg deefproup 4 of the periodic table. [0019]Examples of the

compound represented by the general formula(l)include:adichlorocompoundsuchas
(A) atransition metal compound represented by a ge neral formula

(D:
[0009] [Chem 1]

0

[0010] whereR  'toR °eachindependently representahydrogen



(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)(Z 2'- dimethylsiIylene)biscyclopentadie nylzirconiumdichloride,

1,1-dimethy 2.2"-dimethy bi thylcycl opentadienyl)zirconiymdichloride,
(L - B RS 2o A AEABIR L MRIEV dpentadionyl eirc L ERERGice,

1,1'-di ilyl 2:-d I 4-d hyl cycl d dichlorid
(1 1-dim G e IEHe O AmaH S‘é@?@%@%{?ﬁ@ﬁm evclopentad G MM Heloride
(1,1- dlmet |SI len lene)hisc fjn? entaﬁq 2|rcon|umd|chlor|det i

R S e B AR el dom, asiicon

atom,anoxygenatom,asulfuratom,anitrogenato
atom,atleastoneselectedfromR toR
atleast one selected fromR ‘toR
and R P each independently represent a divalent group for
two cyclopentadienyl rings with one to three atoms,

independently represent a hydrogen atom, a halogen

hydrocarbongroup having 1to 20 carbonatoms, ora

® represents a hydrogen atom, R

m,andaphosphorus

3representsahydrogenatom,

bonding
XlandX 2each
atom, a

norganicgroup

having 1 to 20 carbon atoms and containing one or m ore kinds of
atomsselectedfromahalogenatom,asiliconatom, anoxygenatom,
asulfuratom anitrogenatom andaphosphorusat omandVirepresents
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) anionic
compoundcapableofreactingwiththeabovetransit ionmetalcompound

to transform the compound into a cation;
2. the method of producing an
item1,inwhicheachofR toR
a hydrogen atom;

3. the method of producing an

item 1 or 2, in which the polymerizing step include

polymerizing two or more kinds of

o-olefin polymer according to the

®inthegeneralformula(l)represents

o-olefin polymer according to the

s the step of

o-olefins each having 6 to 20



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
entadieng%irconium dichloride, (1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(3,4-dimethylcy
clopenta Zﬁ)ﬂslzﬁ’tt%ﬂﬁxm dichloride, (1,1'-isopropylidene)(2,2'-dimethylsilylene)bis(3,5-dimethylcy

I ienyl)zi ium. dich|orid 1 lid li bis(3-methylcycl

tactonyyrdBh A b RSO e ropyonel (o SR RN A Heyclonen
dienyl)zi wm dichloride, (1,1'-i lidene)(2,2'-isqp: lid bis(3,4-dimethylcycl

E)T:)eﬁ?gd)igﬁgl))gmﬁ%iﬂ?%Orgﬁééd’%, Lflr? %ciai{{s%%%%yl? y @?gé'-iseggr)opsy(lidene%eé(%gtﬁ%methylcycl

opentadienylzirconium dichlgride; a dimethyl compound, a diethyl compoun ihydro compound, a
diphenyl%%Kﬁpgﬂﬁ{mgagr:tg%lr&%%gnez%%@édrﬁo %¥Inr8{$ uerea?()jfoc\?e compounds; angdtqgﬁﬁagn hafnium

complex%?1 gﬁgrr%gcégﬂj}%ﬁgr%mFieo&aot@%%g&_metal compound may be used as the component (A)

, Or two or more Kin Ition metal compouhds may be used in combination as the component.

[0021]In g?%h%a%m%toﬁsgpﬁpo%cﬁﬁ%%m invention?ﬁ@élggzi}%owg{%ﬂ%g&wléﬁgoogx ompound and/or

(b-2) an 10nic compound capable of reacting with on me ompound to transform

the comw&tmﬂ&ﬁﬂﬁ% m%ﬁ%@nﬁg_used asa com%c_)glpe%éﬁ%gd ey Xamples of (b-1ldhe organic

aluminum oxy compoun e a chain aluminoxane repres the following general formula
(in): polymerhavingakinematicviscosityat100°Cof20 t01,000mm  ?/s;
6. the method of producing an o-olefin polymer according to any
oneoftheitems1to5,inwhichthe a-olefinpolymerisan o-olefin

polymerwhose  «-olefin unit sequence portion has an isotacticity

of20to 40% and a syndiotacticity of40%orlessi ntermsoftriad
expression;

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

one of the items 1 to 6, further including a step o f removing
a-olefin-based compoundseachhaving24orlesscarb onatomsafter

the polymerizing step;

8.an «-olefinpolymerobtainedbythe productionmethoda ccording
to any one of the items 1 to 7,

9. ahydrogenated o-olefin polymer obtained by hydrogenating the

o-olefin polymer according to the item 8; and

10. a lubricating oil composition including the o-olefin polymer
according to the item 8 and/or the hydrogenated o-olefin polymer

according to the item 9.



[0022][Chem 4] Re AIR1 | R1 1Al 0-Al R12 IR13 (lll)

[0011] The present invention provides a method of p roducing
an o-olefinpolymerbywhichan o-olefinpolymerhavingaviscosity
suitableforuseinalubricatingoilcanbeproduc edonanindustrial
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 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 rea ction
temperature for an o-olefin polymer production to a kinematic

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

[Fig.2] It is a drawing showing a relation of a kin ematic
viscosity at 100°C of an a-olefin polymer to a pour point of the

o-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
inventionisamethod of producingan o-olefinpolymer, the method
including the step of polymerizing one or more kind sof «-olefins
eachhavingaa20carbonatomswithespecificca talyst(polymerizing
step).

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



0 n-2 [0023]and a cyclic aluminoxane represented by the following general formula (V).
[0024][Chem 5] [0025]In the general formulae (Ill) and (1V), 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

transition metal compound represented by ageneral formula(l)is
used as a component (A).

[0015] [Chem 2]

)

[0016] Thecompoundrepresentedbythegeneralform ula(l)is

a transition metal compound formed of a doubly cros slinked
bis(cyclopentadienyl)-basedmetallocenecomplex. | ntheformula,
R'to R °each independently represent a hydrogen atom, a ha logen
atom,ahydrocarbongrouphavinglto20carbonato ms,oranorganic
group having 1to 20 carbon atoms and containingon e ormorekinds
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
areactionconditionsuchasahighpressurecondit ion,theaddition

of alarge amount of hydrogen, or a high reaction t emperature, or
dilutionwithaninertsolventisneededwhenobtai ningan o-olefin



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

lumi di ) i | ingi h lution j ith , hod

R D R S ST atne becimmine, of K BB B g wator
h di Ivi i | i | sal ik

oo e A oG B S S R s orcanic alonhi 2y Rt or a

method invoIving causing g tri II|< Ievéjlrélinumt reactwitt]atetraalkyIdiaIumipoxaneBand causing water

to renct VIATIRETLRaTE RleTP LR HATR9Eh AT RLAL Al noxane & may bl OB INdoiuene. One

kind of thpse, aluminoxanes be used. or two.or more kinds of them may.besused in combination.
10028101 1R SR A O 8 e O se SCEE Feact with the tratCRon DS B pound ac

o S AR R e comonen i dagapponnd
() O3S TR BN Koioggen 2 Lovs e 0g B2 eyl vcogen
coms SR FAAY oA B RN AR ARSIl R 0O e, sl
amine, BRI ARSI TR e, vty e i emne.

e NS B AT ARSI UBhenyBhagphagnd dohen

acetonitriig AHd bepzoairiauweE WiheXATes QiRaxn 1Clyde a hydrogen atom, g meihyhapup. an
ethyl group, a benzyl'group, and a trityl group. [0031] In the general formula (VI), L2 represents 1)42,

RlGRlZ%M%i%E% R|9zo<-%i'eﬁiﬁBglﬁﬁéﬁ%%R&%ﬂ%ﬁ%&gﬁﬂ%ﬁ@&nyl group, a substituted

cyclopentadienyl'group, an indenyl group, or a fluorenyl group. R'8 representsan alkyl group having 1

to 20 carbon atoEs 4AHRNYUREATAABEAHEAG B 84023 BRARMAIRE Rslected

bonding two cyclopentadienyl rings with one to thre e atoms or
preferably a group represented by a general formula (.
[0017] [Chem 3]

/ i \
|A (1)

\ R / n
[0018] In the general formula (Il), n represents an integer
of1to3,R "andR ®eachindependently 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
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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 1to 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-tolyl

ohelocs AR FOAMII, QUL P RO SPRES e L, Na, K, Aol BN Rl 13, and
Tepres RN SRR TEAIETERT 2 which s an GG EPE RGNS epresens
2] rentee L R S B ST e bps 10 an clement T Eimaclis.. i
preferab} AQIERES bolonbiiy B ny ore QARG 150 T4 aFhe periodis table. 61 1o G each
Ciloamino 1un Ay 2 2500 LA ST K SRS roup having LA 0L AR atoms, an ay

hayi I hayi b laryl
Paving 7 8 SR Ao S AR A NI, Carbon atoms LA, bitod

having 7 to on atoms; an arylalkyl group having ubstituted

hyd ' b t having 1 t t ,

organic TR o A e on aroup heving 21d 1 Aarbon atoms.

o ormarg B F MY BHBATNG oL RISR R g0 Cbtained ffom [ypleacpfgentral metal
[f 217 re ﬁ%gateq) Qb

M3)+1]. Z presents a co ase of a Bronsted acid alone, or a combination of a

Bronste r%ﬂfja%qjo éﬁg\f glf@@n 'EBH?E?H' j M&% a logarithm of thggﬁ i 9 acid
dissociact%mn consta%t (pKlgSﬁ:’) -iO or%ess, or a(l%?)gujugate ase of an acid denerﬁé{ﬁy efined as a
superacid. In it 'bt%,ﬂaﬂ}f‘yab%ﬁ%’ﬁﬂi@ﬁ}gdd%%,a 619%%@5% [0034]Here,spegifig £yamples of
M2 in[Z117,1.e.,TmsGoGo. [f Gf]finclude B, Al, Si, P, As, and Sb, and preferréd are B and Al.

Further, ﬁggg&@éﬁﬂ}ﬂ@&@é&%aﬁﬁﬂ)%t&ﬂ.irh‘/l’%(iiﬁ'eé‘éﬂmethylamino grRupRaRdiagiethylamino

group as ylaming groups; a methoxy group, an ethoxy group, an n-propoxy group, and a phenoxy

group asAkGKY ERRSACAPONSEPLISBIRAIN G, an ethyl group, andRRiRRUEOUP. an

isopropyl group, an n-butyl group, an isobutyl group, an n-octyl group, a n-eicosyl group, a phenyl
group, a HriRba it ARRRAHetaRI S ihBleEiRgNY! group, and a 3,5gimetyiplrny! group as
hydrocarbon groups; a fluorine atom, a chlorine atom, a bromine atom, and an iodine atom as halogen
atoms; atgrfjgorophenyl 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(trimefbyiedyl) methyt gHpiRAS IR @ G iipieg ey an groups; and ageneral

pentamethylantimony group, a trimethylsilyl group, a trimethylgermyl group, a diphenylarsine group, a

dicyclohggphamamony) grouisiaae: a dphenyitineps grasshasoarasnicgpetalloiggroups. [0035]Further,
specific examples of [321- as an uncoordinated

(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,
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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
(OF3S03) , a bhis(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 (FSQ3/A5FES)-, and a trifluorgomethanesulfonate anion/antimony pentaflyorid
(OF 3503 LSV RERI BRI RSB ate, 1 butylammm RO S
tetraphe? Iborate, trimethylammoniumtetraphenylborate, tetraethylammoniumtet %ﬁf@rﬁlborate,

r -

methyl(t 'R mmoniumtetraphenylborate, benzyl(tri-n-butyl)ammoniumtet BOrate,

dimethyldiphenylammoniymt 1epylbgrate, triphenyl(methyl)ammonium tetraphenylborate,
trimethylﬁ‘ﬁﬂﬁ%%ﬂygﬁ)@ﬂ}%ggé, ﬁ&%@i‘}ﬁ(‘ﬁﬂﬁ%&é&aphenylborate, benz@@?%ﬁlﬁw

tetrapherrgll orate, methyl(2-cyanopyridlirni8rr}&rtﬁ:traphenylborate,triethylammgﬁlig'[lrae
tetrakis(p ntafluorophenyl)borate,tri-n-zbu(iy[};lmmonium '

Ki f h [ I I
e e PR,
tetrakis(poeé%)ﬁ{%{ﬁgm%ﬂ%%ﬁ%e,tetraethylammonium tetrakis(pentaﬂuorophengl&%ﬁr&
-butyl)a

benzyl(tri- onium tetrakis(pentafluorophenyl)borate,methyldiphenylammoniun
(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
I zirconium dichloride,

12



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(penn?a [GOY

tetrakis(pentafluorophenyl)borate, methyl(4-cyanopyridinium)
RN ey e e ethylcyclop

tetrakis(pentafluoraphenyl)borate,dimethylanilinium . :

tetrakis[b‘??r(}ﬁ‘, - *ﬁpﬂ[ﬁ% Thyl)phenyilborate, ferrocenium dichloride,

ibprate,silvertetra yiborate trityl tetraphenyiborate, tetraphenyiporphyrin manganese

e B A R N TR b orace, .1 cimermy RN CB i)
tetrakis(peeqta Iuorgohr%gw. barate, decamethyiferrocenium tetrakis(pentafluoropgf%w(l)rtlngéate, silver
51!1enyl orate,trityl tetrakis(pentafluorophenyl)borate,lithium ’

(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)zirconiumdichloride;adimethylcompo und,adiethyl

compound, adihydro compound, adiphenyl compound,

compoundoftheabovecompounds;andtitaniumandh

and adibenzyl

afniumcomplexes

thereof.

[0020] Onekind ofatransition metalcompound may beusedas
thecomponent(A),ortwoormorekindsoftransiti onmetalcompounds
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
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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 betweep them Is preferably 1:1 to 1:1,000,000 or more preferably 1:10 to 1:1Q,000. When
the comp ARAR G BB D S CHREB TS 8 oiar ratio bewween tRAMROIFably 10:1
to 1:100 or more preferably 2:1 to 1:10. In addition, one kind of component %({1{@%)2 nd the like
may be JE PR G R P TR Sre kinds of thern OGS QAP P ELmbintion
as the cogﬁfonent. [0038]The catalyst in the present invention may contain the components (A) and

(B) as mairti‘components, or may contain the components (A) and (B) , and (C) an organic aluminum

compound as main com onﬁlgt_i) hl]ere a compound re§resented b¥| the general f ormuﬁ;}éVIl) is used

as the organic altRINgm ©o poun ggqeglggrhlggﬂgm é)f(.:?ﬁ%))uvALQ:%_v (In thdeI (():rmuefa, R20

o oS TR SRR BA 8 A SRR ffgtayQ gepresents a hydiogenaigm, ap ako
group havmgai (9 20 carbon at ms, an ary )éroup aving 6 to 20 carbon atoms, or a halogen atom,
andvre rﬁr)rs]ents an integer of 1 to 3.) [0039]Specific examples of the compound represented by the
general formula (VII) include trimethylaluminum, triethylaluminum, triisopropylaluminum,
triisobutﬁl@&}%num, di@ﬁ%ﬁﬁl% minum chloride, diethylaluminum chloride, methylaluminum dichloride,
ethylaluminunt dichloride, dimethylaluminum fluoride, diisobutylaluminum hydride, diethylaluminum
hydride, and ethylalyminum se sguichlor ide . Those organic aluminum compounds may be used
alone, or two oRmofe kind thereof m )]zzbe used in combination. A usage ratio between the
components (Ab and (C) is|preterably [L:1 to 1 : 10, 000, morepreferablyl:Sto1:2,000, or still more
preferablr: 10 te-3: D060 NIterms-of almelrttatio. The (Idd of the component (C) can improve activity
per transition metal.\However, ?.erxcessively 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 pglysagr- andacyclicaluminoxane represented by the following
general formula (1V).

[0024] [Chem 5]

R14
)

O—Al
/. (V)

[0025] Inthe general formulae (111) and (IV), R toR *each
represent a hydrocarbon group having 1 to 20, or pr eferably 1to
12, carbon atoms, or a halogen atom. Examples of t he hydrocarbon
groupinclude analkylgroup, analkenylgroup, an arylgroup, and
an arylalkyl group, and n represents a degree of po lymerization
and is an integer of typically 2 to 50 or preferabl y2t040. It
shouldbenotedthatR toR *maybeidenticaltoordifferentfrom
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[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, 1i02, Fe202, B202, CaO, Zn0O, BaO, and ThOz, and mixtures of them such as silica
alumina, zeqlite, ferrite, and glass fibers. Of those, Si02 and A3202 are particularly preferred. It should
be noted$R4 tﬂ@%rbove inorganic oxide carrier may contain a small amount of, for example, a

carbonatﬁq‘gﬂ'c te, or sulfate. Meanwhil 2 exal;npl s of tr|1e carrier except tte foregoing include
magnesi mpoun %%pgseﬁ Y ge%er ?orn%l'gj‘%ogj@?ﬁaiﬂc 'f/gified by, for exarr?ple,

[ d h C12 and 0C2 d I Its of th ds.
Here, R S BB ol BV e, an atkony BIGUIS g 1 to 20
croup hao 1 to 20 AIBB e e B e 0o 2 and TS me 0
[ ' h i . j ical iffe f h other. 2]l
cadion, S G B 8 SR s cpoysorene, A and 4
styrene-ﬂgmé&r%%ﬁ%%%‘%%?ﬁlgw : %Rﬁ%%}hm%ngoﬁhgg{y\ﬁﬁ%pylene, a substltut%g&%)lgﬁﬁg\:ene, and a

polyallylate; s on. The carrier used In the present invention is preterably, for example,

MOC12, WaGUE0251) HAUORZEA9N2. 51081 0 A ffouch the properte,of g earer vary

depending on a production procesé or, the carrier, the carrier has an average particle

diamete(rzﬁq{cpmg:g!é@r%qgﬁﬁ% folay aﬂ@{ﬁ%@(}&gé&%&g%ﬂ%me preferably %Q %@%SB%V When the

particle diameter | the amount Ine pow e a-olefin polymer incre hen

th ti ' j icles in the a-olefi ' tob
epar IC&H%H%%&WHEE%%@SEQ{[%@?% %{Hces in eaoelna[%j M%ngliﬁga?s 0 be

responsi a reduction in e clogging of a hopper . In ition, the carrier has a

specific %Eﬁl%ﬁa%ﬁ%ﬁ&%%’&?ﬁ!&a!rﬁ@ti‘w&ﬂﬂmﬁﬁﬂéﬁﬁi@@erab'y 50 0 500 m@(ﬁg%'h%@aﬁf@ 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 volupe feNRES MRS ARPYR EHIgSoNAERERY B iRlGiRE catalyst may kaghice, fiRjppuld be noted

that the specific surface area and the pore volume can each be determined from, f or example, the

volume ShaaiiRaaganRdseHRRLARIOTaRRAH™ 2 BEI method (568 kM miliSoc. . 50
309 (1983) ") . Further, the above carrier is desirably used after having beén baked at typically 150 to

1, 000C gppisteiad R0 H8RRdR4INHRERRdTRERr digaused to carry & lpgsiang kind of

catalyst component, the carrier is desirably caused to carry at least one of the components (A) and

(B), or prgfetahhbbaitoh e wRR RN A RNHEY Adpagh amethod of ¢aupingifg garrier to carry

at least one of the components (A) and (B) is not particularly limited, available is, for example, a

method igypl¥inghniBdRieAst AB8RbIRG EoERIRGRIS i) and (B), and the cargieprg4nRrthod
involving treating the carrier with an organic aluminum compound or a halogen-containing silicon

compoung, B8 RekiRc dhe e BrgdHR AHMRIURRSS PR @h the componengs ¢ AdHE in an inert
solvent, a method involving causing the carrier, the component (A) and/or the component (B), and the
organic aypiving caansiwad oa therkalgagnrmaniaining silicgsceonagynd to react with one apther, a
method involving causing the carrier to carry the component (A) or (B) and mixing the resultant with

the compefigatidBdiiAunaxasthethinvedishéiviatn psodegtpbtained by a contagfiieagiéon between
the components (A) and (B) with the carrier, or a method involving causing the carrier to coexist at the

time of aregotagitraatisuidpeivseettibercenmpanentine®) and (B). It shouldsheayisde@dhatlthe organic
aluminum compound as the component (C) can also be added in any one of the above reactions.
[0044]Thig rsltalyiet thwe Rbidiviedovaxlbenissdhitegnixyissi z ation after havigg desmextiacted as a
solid through the removal of a solvent by distillation, or may be used in the polymerization as it is. In
addition, rimotfeckinesesftthaientiary, becucathlyst cambipatisaduced 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 examjge28]methoddnublkyiogheddingl ahisasininecrh furindnzaments (A) and (B), aancetwe carrier,
and as required, the organic aluminum compound as the component (C), adding, to the mixture, an
olefin suelithshetirglesigat metalabpipssuctastRd\d&apaneisubjecting the res{Alaatonyknte to
preliminary polymerization at -20 to 200C for about 1 minute to 2 hours, to thereby produce catalyst
particles 1§08 450 theaprésecns @uvantibe, dois deseat (i) aarshge ratio between aheocopaporent (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. Wisen 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
1500 in terme nf amace ratin In additionn the catalvet in the nrecent invvention mav contain the



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 oﬁ the a-olefins having 6 t@éio carbon atoms incluﬁfmlj-hex ne,

r-methyi EBEREINET DY loMG gR0Cah SHERUAHEBE e, 1-undecene, 1JSHERBAE 1-tridecene,
1-tetradeceqe %}) entadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene, and
1-eicoseﬁg? grtu &lgsk? d or two or more kinds thereof are used. Of those, more preferred are a-olefins

having 6 or mor(gto k@@ﬁi}eﬁ:mn?toms, and rEigéticularly preferred are a-olefins having 8 or more
to 12 or less carbon atoms, re €3sily obtainable and inexpensive. [0047]In the present

invention, a poly, Ler:{%ma(@thoﬁ is not particg_lgg{y#mited, and any one of the methods including a
bulk polymerizatioh metho®! & solltion polymerizatior method, a suspension polymerization method, a
slurry pojygsifzation meod.ABAyARGIAGASe polymeri 2 ation metnad miay e sployed. With
regard to polymerization conditions, a polymetization temperature is typically 0 t0 , preferably 30

to 150C, Qi more Pééﬁgg%my %Oh d}g&gﬁ gfo déq\ogl@rll ﬁﬁgﬁ/@%&gﬁ the catalyst to a Slal;\g Ebaterial

monomer is such that a molar ratio “taw matérial m ve component (A) "1s preferably 1

to 109 orcgl%%%uéqg%grgﬁeéwxr%gg&&og,bﬁgrmﬁingf gqg/%erization time is txa%%waﬁgﬁé)%utes to 20

hours, and a reaction pressure Is preferably normal pressure to 0.2 MPaG or particular eferably

I 481 | | thod of th ' '
Py et B et S S CaA rom the viewpoint aFuTARLEIMY, buta

solvent rg’?g 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

hydrocarmrﬁuch asgg%ggsgweggmgh@w, and methyigyelohexapenalirhatic,aydrocarbons

such as e, hexane, heptane, and octane; and halogenated hydrocarbons such as chloroform

and dichlgrameihangefige diRmer SalNRB! BmeRs1sRflalorgeor two or more Kigds tiairef may be

used in combination. In addition, a monomer such as 1-butene may also be used-as the solvent.

[0049]In W-WQ%%H%M?HH?@WWHW%QHﬂhe activity is Imprq}ﬁ%g“t%@gg)pg hydrogen

upon polymerization of an a-olefin having 6 to 20 on atoms. When hydrogen is used, its pressure

is typicalyQrteMRefRriesse PigiRIBAY AR Retniig G, or more preferabhef\fhigifel MPaG.

[0050]In the present invention, preliminary polymerization can be performed by using the catalyst for

polymerizgtioihd ReoPERBLN A dRRIMIAgIbaiRHENFRIphAtRs rformed by bringingy it @), a small
amount of an olefin into contact with the catalyst components. However, a method for the preliminary

pOIymerié@ﬁi%ﬁﬁmﬁﬁ%mgﬂmﬁgﬁ)ﬁagﬁmn method can be enyHayophbBpHAHRfin used in the
[

preliminary polymerization is not particularly limited, and examples of the olefin include ethylene, an
a-olefin hgyngishihgOtRsHeni o e the 1Y ixtiete a tdhamydt is advantageousdehishiesame olefin
as the monomer used in the polymerization. In addition, a temperature for the preliminary

polymerizafion subpeabynsPierlie; piedriahleslfuign20C, or more preferagbefdinC. In the

preliminary polymeri z ation , an inert hydrocarbon, an aliphatic hydrocarbon, an aromatic
hydrocargrahenyenemer Speidifdisefiiidised as a solvent i thnsehifogliplaasismhydrocarbon is
particularly preferred. Alternatively, the preliminary polymerization may be performed in the absence of
any solvenhe@andiinms darethglgrelipiaasnpglyrrizahan are preferably adjuaiggraophat the amount
of a preliminary polymerization product with respect to 1 rarnol of a trans ition metal component in the
catalyst Mo@BbE 1 to 1(H@0O:ne raftaviary\1Ya 1,000 g. [0051Aspeteheiadjustjry PR M@lecular
weight of the polymer

RC,orR M. R 'fandR !’eachrepresentacyclopentadienylgroup,

a substituted cyclopentadienyl group, an indenyl gr oup, or a
fluorenylgroup. R 18representsanalkylgrouphavinglto20carbon
atoms, orahydrocarbon group having 6to 20 carbon atoms selected
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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
Fub' ecting the a-olefin polymer to a hydro ﬁ&tion treatment to

duced : In addition,
E)erol(;ﬁieﬁ%ﬁé@ﬁh@ﬂ@@b@#ﬁ&@%eﬁg e@?e%ﬁ{m the viewpoint of an% r88Went in the

stability. Ajgnethod for the hydrogenation is not particularl himited, and a known methqd can be
employed. [d&gé??ﬁatar%&}%ﬁh%%&%ﬂﬁ%ﬁ&‘gaﬂﬁl&}% rt"?&ﬂ)é BPthe present inven f?)%réﬁwﬂoduce an
a-olefin po%mt?{ lpae/ina.a Vi S co s ity suitable for use in a lubricating oil on an industrial s cale with
ease . Fit ‘Q' A CEHISF of the reaction conditions such as the adjustment of the reaction
temperature car]\)(w%%llg(tchan e the ch rgg}erlstlcs of the Brodu é{) It should be notecl E%at the

" ams an e emeﬁglt nging to any one or Groups
above phrase "produce on an industrial scale @itH easeymeans, r e&ample, that the usage and

o0 f | . e el q
o e L R o ot D S e R mocerate
00541 a0lef PO I _ . O i |

e U RA Sy ) SR PO gsent venton = gl novmer
in confor@gér%nh JIS ligl : ﬁ;s%%%% 0 é&gﬂg@lﬁz j When the kmem%%&w&cqsltyn%w&ocdfalls within

the above range, the po e suita ed as a high-viscosity lubricating oil component. From
the foregqi ' int. ihe ki atic vi ' ;&Qﬁai : e preferably 25 to 800 mm2/s, or
particul<'§t’$1:§//a &g@fé%{?}f/@gg toifmm%/ﬁ %P(Q%]\ﬁie a-o e‘z'r??‘ ;%Iy%l}er of the present %I\J/ htizé?l] has a
number- ﬁrﬁg% [ typi preferably 1,800 r more
preferab%/YZ,O Oltg)g%%éléqaérﬁ%ﬁ agn%@dtﬂa\?vggﬁtﬁ %ﬁ%ﬁ%@?‘%&wmm of typicall erﬁla%q%n . Those
values c &&)__dgtﬁémme&gﬁgfég)@m\eatlon Chrmm@@gbﬁ'e&%&@aﬂ%znﬂﬂln polymer of the

present inventionis such that its a-olefin unit sequence portion has an isot y of typically 20 to

40% or pg%%@,%ﬁ@% ‘j@-ﬁ%‘%ﬂ%ﬁ)ﬁé&&ﬂ 'Péﬁﬁt,i%{FchgJ&béEiﬁé'B&“O% or less or pigipiablyfR t0185% in

terms of friad expression.The polymer shows a good low-temperature
include tetraphenylporphyrin and phthalocyanine. | n addition,
specific examples of M Yinclude Li, Na, K, Ag, Cu, Br, I, and | 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 LR®Jand[L 7]
whichisanintegeroflto3,arepresentsaninte geroflormore,
and b=(kxa);

[Z] ~ represents an uncoordinated anion [Z H-or[z 7.

[Z '] representsananionobtainedbybondingmultipleg roups
toanelement thatis,[M 3G'&.--G "]". HereM ‘“representsanelement
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 13to 15 of
theperiodictable. G %toG 'eachrepresentshydrogenatom,ahalogen
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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 in ordi . [0Q58][Lubricati il ition]. A lubricati il
compo s MO AL CAlR RUTAGh B SRR A0S polymer andior trEAYMBIEA R ed a-clefin
polymer, and typicall ntgins those orh/mers t a content of 0.01 to 100 mass% igB ference to
the total SR B4 B Ap SRR 20Ma0 AIKGRLEOURich the a-olefin poHRGr GPAE

hydrogenated a-glefin polymer is used in the IgRricating oil composition of the present invention is not
et AT A R B B RETL.  me ai o AU B A DEEU S o avtitve
When any such pol is,Hsed, as a base oil, the polymer to be used can be sglected fom a wide
range fro%x‘rﬁozlaJ %Qé\(ﬁ@mﬁg%%%cg 8\9vnrr6110 er:rc]:?flgrﬁ v‘?}el&%tr%garopolymer having a hlilghﬁ?ﬁltl)rl]quﬂfgr weight.

When anX(ai%r{%f/Bﬁ[lééa%résa%sﬁgﬂ%gh%igg Fngg&,amﬁ éi?%% may be used along?r?hro Wg{? used as a

mixture wi 5€e0 I0 Or'the mixture is not particularly Timited, Y ratio is

ol R PR e ook g et

polymer IS used as an a polymet Is s, for example, a viscosity in
this case i - i ' igh cular weight is > 2d. The a-olefin
polymer ﬁﬁﬁ@%ﬁ%@%ﬁﬁ@v@%ﬁ%@%ﬂ g’%ﬂ% ’pﬁ%‘lﬁ polymer havingpéaﬁﬁén?ﬁgﬂ%?e&age

moleculaér Sﬁ%if%ﬁéfe%sa%rﬁggg}é%ﬂﬁimo%w Sl is typically addeéi ﬁ?{fgg%nt of 0.01 to

Y
33 mass% with reference to the total am the composition. [0059]Any o various known

additiveszﬁggﬁ]%mgyim% ﬁ;into the Im{é}ﬁﬁm%gyﬁ%ﬁ%@ﬁ%ﬁ Lesent invention to

such an extent t e object of the present invention is no Examples of the additive

include: %rﬁ’ﬂﬂ%@'&?%ﬁfaﬁéﬂqr@fﬂngl@ﬁﬁéWﬁé}ﬂ%trﬁBfé] as a phosphoric acjg §§th and a
a

phosphorous acid ester; an oiliness agent including a carboxylic acid such as olei id, stearic acid,

and diner acid, ergd St%ﬁF@@éﬁ@;ﬂbﬂﬂg%%m&%gﬁeﬂ%m@l@phOSphate (ZnDIRgexcluding
[ I

an aryl type), zinc dithiocarbamate (ZnDIC), oxymolybdenum dithiocarbamate sulfide (MoDIC), nickel

dithiophasphasOfiRIRN SPERiSHEHRFaHRAMARIRIC); amine-based pncpiignalkpsed

antioxidants; a metal deactivator such as thiadiazole and benzotriazole; a sludge dispersing agent

such as apjahnrbaksrFanith AdfRMESSISERRR/ARIEes thereof, a rust inBhiigh EEAsRgA Sorbitan ester

and a sulfonate, a phenate, and a salicylate of neutral alkaline earth metals; and a deformer such as

dimethylpekysjisxeansiasd febyasiyiriedagaaH R application of the lulgieafitgIRfepRaRPsition of the

present invention is not particularly limited, and the lubricating oil compaosition may be used as an
'n_tema|_%ﬁ%ﬁ&ﬁ(ﬁﬂﬂﬂ%@diﬁéﬁﬂ@s_a gasoline @Wﬁ&yﬁb%&@[ﬂﬁ@ﬂ%ﬁ%(ﬁ'&ﬁ)sor a dlesel_ engine
oil, a drive system oil such as a gear oil, ATF (automatic transmission fluid), PSF (power steering
fluid), or gdaffer 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

treatmenfopB4rease, prdhe likpderrmprirartiified INsxthe present idveptiqu is descriped in more

detail with reference to examples, but the present invention is not limited thereto. [0062]An a-olefin

polymer ppdat@@lugedfoiitgude/Bical, Si, P, As, and Sb, and preferred ar e
B and Al. Further, specific examples of G tLandG 2toG 'include:
a dimethylamino group and a diethylamino group as d ialkylamino
groups; a methoxy group, an ethoxy group, an n-prop oxy group, and
aphenoxygroupasalkoxygroupsoraryloxygroups; amethylgroup,
an ethyl group, an n-propyl group, anisopropyl gro up, an n-butyl
group, an isobutyl group, an n-octyl group, a n-eic osyl group, a
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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)
Stereoreéhf)im JtHR é&&lﬁﬂ%‘f%r?d%&% f%a%‘?n?c%]re Determinatigb\ﬁggﬁg rmed by
employing 13C-NMR rding. to themethoddescrihed,in [Macromolecules 24, 2334 (1991); Polymer,
o 13O A e B A LB SRR TR0 - cimetyisii PR A
-dimethylsil I(Ianee t—bis éc%clio entid ie%ﬁc}mii&n dichlé)ride About 13.8 S%rﬁgoo Barnol) of metal
Na and % &I)T/]t taoy%pr&a AR’ Wete 19a3 into a 1, 000-ml {ARegE %%(ﬂlask replaced
with nitrogen,, and the mixturge was stirred at 0C..5-mjnutes after that, 1 t9 2 ml of cyclopentadiene
were droé’%‘e%‘%%‘?ﬂ@?n@ﬁ%ﬁb%rg@?ﬂ?@ %Eoeurgt?g’?]sédﬁydrogen stopped,?f%ogﬁrﬁ gﬁ:r;(%l%’pentadiene

s eSS ARG R v epeacd g o som

(600 rarnol) € reactl tion changed from a

' ' : . d by distillgtj duced
oresaurel T e S A AT ice ana solicried b UM g Glber rectuced
As.a e ' [ ink d btained. - f THF
Wore a0 R A et e G and the mix S i strred.
The mixtHgﬁ%@gr?)%weddrpOJ&C, %29& mb@ﬂ;ﬁg Pa%ﬁ%%?mcﬁmﬁ ylsilane were sloglly
the solution. rom a pi w

dropped t he 'solution changed k one to"a white one. After the solution had

been stirfﬁ%@&{ Qi t raéq;mﬁm Eﬂmn i duas oved by di stillation . SR E a yellow
powder [Compﬁn@(%ﬁg\/%g’s obtained. ggﬁpo%’n%e@) was extracted with %O@?&%ﬁexane, and
the superpaigni iy bRRSIRTEM RG] ORI Adbiesy flask replaced iyfogpLdfer the
supernatant had beén cooled to -78C;, 175.8m3 ( 480 mmol) of n-butyllithium (2 . 73 mo1/1) were
dropped &égﬁiélﬂﬁ@@ﬂﬁl‘b@nﬁs{emﬂon solution changed from a yellow one to an opaque one. After
the solution had been stirréd at room temperature overnight, the supernatant was removed by

distillatio[bggg}lgh fiItrmmeﬁ%éﬁg@g%@@@ﬁd was washed witggé}%ﬁgdgram@@. The washed

product was dried under reduced pressure. As a result, a dilithium salt [Compound (2)] as a white

powder WagkAb#aek, conjugate base of a Bronsted acid a lone, or a
combinationofaBronsted acid andaLewis acid, th e Bronstedacid
havingpKaof-10orless,includeatrifluorometha nesulfonateanion
(CF3SQ) ", a Dbis(trifluoromethanesulfonyl)methyl anion, a
bis(trifluoromethanesulfonyl)benzyl anion, a
bis(trifluoromethanesulfonyl)amide, a perchlorate a nion (CIO 4) 7,
a trifluoroacetate anion (CF 3COQ0), a hexafluoroantimony anion
(SbF ) 7, a fluorosulfonate anion (FSO 3) 7, a chlorosulfonate anion
(CISO3)", a fluorosulfonate anion/anitimony pentafluoride

(FSO3/SbF 5) 7, a fluorosulfonate anion/arsenic pentafluoride
(FSO3/AsF 5) 7, and a trifluoromethanesulfonate anion/antimony

pentafluoride (CF 3SQ/SbF 5) °.
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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% vyield). In a 200-m3 Schlenk flask replaced with nitrogen, 4.05 g (16.6

) of d dissolved in 60 ml of h d th luti ti . After th
soution K0BEen coobe BRmE SHSUE PSRN S BIR (275 mo D& dropped t
th luti d.th ixt irred at { t ight. After t | t of th
opaaue SR HAS LA TS U 8 AMCH RO SIRadt &oced preasure, the BHATHY WHs washed
with 20 ml of hexang. The washe{j. rot%u?t was dried undert r%duEﬁd q essure. As a result ta dilithium
salt [Co %%ﬁ%ﬁe(w@ %aéte\?vhite p(g erwas obtaliey. [0065] PGB Y ene were addea fo

Compou edtr 43th'61asrlrjl?1ﬁ)8rr1]|‘ariﬁn of 3.9 g (16.6 mmol) of zirconium %w%ckrlllgrr]ia% irrlaél ml of toluene was
dropped 10 the AH6VE suspension at -20C. After the mixture had been R0 5t Foom temperature

overnigh%gt}rﬁ gﬁv?]n@\;\ﬁ@ a(ﬁ{novelgnl%y di stillation under redui%(?pl éhee 3 &;r[lgé atAS a re suit, a target

product [ n 45 Obtained. Compound (5) was ex Facied W ml' of dichloromethane,

and the fﬂgﬁéﬁ'\ﬁﬂﬁ‘cg{}%@w&'ﬁw concentrated product \g%i?ggrﬁgﬁ%%y L0 ml of hexane, and

was then erre pressure. As a result, 500 mg 0 were obtained (in 7.4%
yield). The inati fé WMR of the compound provi if'g ing results. 1-51-NMR
(500MHL$EH§@‘¥@%3%% Ei%é 3) 2S1], 0.87 [6H, s, (CHS)Pequ e%‘%ﬁ‘g%CH) 6.89 (4H, d,
-CH-). [0 ' p‘%ﬁlﬂcéq.]‘ di silylene) .
(2,2'-isop&ﬁ%]y%@%%%ﬁ?(cyc @gﬁ%ﬁ?@ {ny zirc }%l}gr?r? %igméa%}e 100 ml ofhflll-?Em\lllvr(‘e“rJemadded to 12.
8g( 143, W&]ﬂhﬂeﬂ Fg&lgféentadierm[e ' Mk and thf-\e ' f gtirred. After the s?éution had
been coo#e 0 -7E§/C, 50 ml of a solum ofr 17.3 ml (143 mmﬁcﬁﬁ#&& imethylfulvene in THF was
dropped ﬁ%Hﬁ?lB%’rﬂ!ﬂﬂjrﬁ h?éﬁ%ﬁﬂ%ﬂﬁﬁ&%@,S%%?I@%BE”QG color, _and kg;; nesightly tl_erld.
After having been stirred at room temperature for 3 hours, the reaction solution was hydrolyzed with
100 mi o{éﬁg&geﬁwo%@esolvent had been removed by distillation underfeAHcEH RS SIFWE » the
remainder was separated with water and hexane, and the organic layer was dried with anhydrous

magnesi%ﬂ%g%%ngm§%ﬁ{gﬁy%6%@ved by distillq];iqq]_,b@?ﬂéﬂﬁﬁgmainder was distillggynder
reduced pressure (30C/10.6 Pa).”As a result, 4.66 g of Compouind (6) were obtained (in 18.9% yield).

In a 2003 RENsaW AaskEiersyyiaBitrogen, 4.669 (%7 ammhahespound (6) were gigsolved

in 50 ml of THF, and the solution was stirred. After the solution had been cooled to -78C, 19.8 ml (54.0
mmol) ofianRiiipRiETI(RIchREHYBbveie dropped tatthensplifiranfnd the mixture wagRjige at room

temperature overnight. After the mixture had been cooled to -78C again, a solution of 3.3 ml (27.0

mmol) ofigicsipsgstiatudeipnesyifomakel THF was droppeddmiiienmirgdre over 30 minutegpfter
having been stirred at room temperature overnight, the reaction solution changed from an opaque one

to a yellqwt%@ﬂ@mmmmﬁ)@m@ye%@y ifptiamb@nd the filtrate was coneenyiatadmlhe

resultant yellow oily matter was distilled under reduced pressure (35 to 45C/7.98 Pa). As aresult, 1 . 0

g of Comperdres (e Maa trsinedibdeaid’o yield). methiidpHhynan$chlenk flask replaggglivith

nitrogen, 1.0 g (4.38 mmol) of Compound (7) was dissolved in 41 ml of hexane, and the solution was

stirred. Af@rats(pelidinbrag heeylpepiad to -7&phar miiByl6 mmol) of n-butyllifiiHmdgidd mol/1)

were dropped to the solution, and the mixture was stirred at room temperature overnight. After the

solvent okthekapareasiobiépnbag peeateemoved by distillatigietndgnilzduesd pressure, the
precipitate was washed with 10 ml of hexane. The washed product was dried under reduced pressure.

As a restigtrakigifieunafhadrpoepa)bstd®) L as a white povdieietssapiiiained. [0066]1 4 ml of inluene
were added to Compound (8) . A suspens ion of 1.02 g (4.38 mmol) of zirconium tetrachloride in 14 ml

of toluentewalsisiisgnaduordishehghesuspension at -20Ctrikfethiianitixkure had been stirreduahroom
temperature overnight, the solvent was removed by di stillation under reduced pre s sure . As a re suit

, a targetpnatisipknaipouoph@lWasratiained. Compoundni@}iwasyeriragtad with 20 ml of
dichloromethane, and the filtrate was concentrated.
tetrakis(pentafluorophenyl)borate, benzylpyridinium

tetrakis(pentafluorophenyl)borate, methyl(2-cyanopy ridinium)
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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 injo the autoclave, and the temperature of the mixture was increased to 60C. After 0.5

mmol of Pﬁ%%ﬂ%‘?ﬂﬁ?@%&ﬁ% e.@ﬂ?%@?ﬁnltol ch%ﬁéfﬁ%%ml) was loaded ﬂﬁi‘&"ﬂ’{@ autoclave,

loaded were 5.nmol of (1,1'-dimethylsilylene) (2,2'-dimethylsilylene)-bis(cyclopentad jenyl)zirconium

dichloridéeér&%ﬁw@g 'ﬂgaé%)&%hgﬂ)gfpaq{%% 1 (S-Wl%%lyr?g'%ﬂg?@/solution; 1 mli). Af’fgrlqpﬁg&%hydrogen

was immediately introduced into the autoclave to attain 0,05 MPaG, and polymerization was initiated.
PR R PR efieet

120 minJFers P rnowng MRS Fwere added %pﬁﬂ%% Qo that the polymelji1 Yion

might bet%&?ﬁﬁ%%j TtngFonterHs Ware taken out and added tg 200 rg}]ﬁmlf a 1-mo1/1 hydrochloric acid.

Then, the'm Wae'stired ' The o%%toh was transferregl{gea s%parart]frlfg funnel, and the organic

layer was fracti Afterthat, the organic | s washed with water, and th id. matter of the
organic Izeyté%r%v%é?rgeﬁ%gve '%‘T&ﬁ}tgrtﬂ%@ygﬁgerryag%g%{ﬂ%facﬁfred by loyo Roshi Kai%ﬁggéﬁw eptane,

the raw %q];ggﬁlgner@%p&%ol and gg\gellike weggggg}fﬁvﬁﬁ@/r 16%i;tiIIz;ltior{riggnlrn the resultant solution with a

rotary evaporator er a'reduced pressure 0 "MPa in an oil bath at 100C). As a result,

88 g of t liquid ' 1 sh [ btained by th
abogvg aaggﬁ/s‘gswélié{ﬁ?ds. ?)r()eGnS]Egigr}%%%tﬁgﬁﬁgﬁpﬁg@ea czloor\llt\fsrg%tﬁr1 sﬁ#agreegn? Ii(j1 lIJrI]C? weBr/e oitained
in th ' ; ] | z ation t dt
T0C ot D e e methods. [ ML 251 g of a

lorlessyt igu btained i in E le 1 tth
colorlesstrangRag ﬁ@ry&g\fﬁg@{z at@?ei%%@gc' Tlaole S?{ as in Example 2{@3&%{8& e

polymeri 'z ation temperature w hang ows the results obt y the above

analysis théﬂl@Bé%ﬁ‘j}n tetrglgisgﬁgrﬁ%%?&ﬁﬁeﬁﬁ?ﬁ!?arem liquid wer(?aqg,tabﬂmgé} in the s ame

manner as iInExample 1 except that O . 5rarnol of trii s obutylaluminum and 0.01 mmol of

N,N-dim@%ﬂ@t@ﬂﬂ&ﬁﬁgzﬁgﬁgﬁg&g@phenyl)boratewereusedinsteadg{tmethylaluminoxane Table

1 shows the results obtain € above analysis methods. [Example 5] 230 g of a colorless,

transparggﬁ,gg}ggbwﬂgg%m%])tg@é@ne manner as in Example 4 exgsghthat 400 ml of 1-decene,

1.0 mmol of triisobutylaluminum, 0.02 mmol of N,N-dimethylanilinium

tetrakds(ReR{RIMBEPREEIYI RATESH BRFEe, nmol of (1,1-dimethylsilylene) gogjum

(2,2'-dimethylsilylene)-bis(cyclopéntad ienyl)zirconium dichloride were used, the polymerization

temperafigie NRpeIRAARE EHRBRG) Rhd e reaction tippg e RPRYAIEH to 240 minutes. Tghle 1 shows

the results obtained by the above analysis methods.

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, ortwo
or more kinds thereof may be used in combination. A usage ratio
between the components (A) and (B) in the present i nventionis as
describedbelow. Whenthecomponent(b-1)isused asthecomponent
(B),themolarratio betweenthemispreferably 1:1 to1:1,000,000
or more preferably 1:10to0 1:10,000. When the comp onent (b-2)is
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[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
(1,2'-dimethylsilylene) (2,2'-isopropylidene)-bis(cyclopentadie nyl)zirconium dichloride obtained in
Production Example 2 was used instead of (1,1'-dimethylsilylene)

2,2'-dimethy|silyl -bi I tad ienyl)zi ium dichloride. Tabl h Its obtained
by the AR AT RO TR B OO of o colorese, o NSRRI i Pwers obtained
in th in E le 7 tthajthepol izationt t d to 80C.
Table 1 S Tk 2R UL KR By i Abovi DRaiysis methods, [Exet ISP ERBR § of o

lorl t liqui btained in th in E le 4 that
(L - SRR At A I BB adic mybirconium AEHTDRIS Biined

o TR SRS bhisyisiviere) weedncombination
(2,2'-dimeﬂ1y%(|)ly eng -blgII(I:/yc operI;taEI |eny)zircon|¥1m dichloride, and the poﬁ/merlzgttIon temperature
was cha 0 . Table 1 shows the results obtained by the above analysis methods.
[0070][C%%netp%aér§t$\8é%£>?a%r%tple 1] 65 g of a colorless, transparent liquid were obtained in the same

(.2 S yiene) 1oL e Ll ISR Eybzirconm e aole 2 shows
h I ' I ' I f

colonose U NN A ot S R Eo A B, i AR 1 except

hat th |Zati h fh

0,02 MPR H T o A LT L 13 G ARBE Uiy is methods. T2 SPRSTEIig Example

0.02 MPa. T ws the t ove analysis methods. parative Example
3] 40.9; o?ﬁiﬂIﬂ@ﬁ%’ tians (é}%%p? ShLaingd in the same iSringxample 1
except that IJI(E p ntamethylcycl%géeI?rIIIg leny fﬁc%ﬁ?u%ichloride was us@d msatleard 0 %1,1'
dimethy5ijosda 2 dmsRIRTRAhiP dowiaRRiad feny) ziconium dieheridgonEapl 2
shows the résults obtained by the above analysis methods. [Comparative Example 4] 96 gof a
colorless((t;l)ansparent 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. Tablq@ shpm@ev results obtained by Elyﬁ)above analysis methods.

(Intheformula,R 20representsanalkylgrouphaving1to10carbon

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
generalformula(VIlincludetrimethylaluminumtr iethylaluminum,
triisopropylaluminum,  triisobutylaluminum,  dimethyl aluminum
chloride, diethylaluminum chloride, methylaluminum dichloride,
ethylaluminum dichloride, dimethylaluminum fluoride ,
diisobutylaluminum  hydride, diethylaluminum hydride , and
ethylaluminumsesquichloride. Thoseorganicalumin umcompoundsmay
beusedalone,ortwoomorekindsthereofmaybe usedincombination.
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[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)
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(ethylcie R DN R SRRy SHOSH R ichioride was s P RSRERIROY
Isilyl 2.2'-dimethylsjlyl -hi I ienyl)zi ' ichlori h
polymer Bt PR LFL IS dHIGIELA S SEEble 2 shows the res iy SSCUBAE) ne above
analysis ﬁnejthods.“[g:omgarative. Examrp 8siti N Sr% aqfaﬁolorless, transparent Ii%uid were obtained
I

le
in the same@manheraein %a?ncrgll\él%%eept%aa dipheny methyllt%vne-cyclopentadieny \Lﬂ%Fén%/rIzirconium

was chaghch 8 G R & SRR b the above al I CEhgs o
C : | _ iauid bia -

e B E A e b AR o AR e
conium qwg?é‘%%c\%@gé?ﬂqlﬁéead of u’%%@ﬁﬁ‘é'&ll e) (2,2'-dimethylsilylene)-bis(cyclopentad

I
ienyl)zirconiu e polymerization temperature was changed to 70C, and the usage of

hydrogerrdg%gﬁhangeﬂjmébpeg/g’rﬁm@gn%% ,3*&%\3(&8?%&?&&“5 obtained by the ag&\éﬁéﬁ)r@ysis

methods. ple cn
componentcanbeusedinastateofbeingcarriedb yapropercarrier.
The kind of the carrier is not particularly limited , and any one
of an inorganic oxide carrier, an inorganic carrier except the
foregoing,andanorganiccarriercanbeused. The inorganicoxide
carrierortheinorganiccarrierexceptheforegoi ngisparticularly

preferred in terms of morphology control.
[0041] Specificexamplesotheinorganicoxidecar riefinclude

SiO», Al 05, M@0, ZrO ,, TIO ,, Fe G5, B 205 CaO, ZnO, BaO, and ThO 2,

and mixtures ofthemsuchassilicaalumina, zeolit e, ferrite,and
glassfibers. Ofthose, SiO 2.andAl ,Qsareparticularlypreferred.
Itshouldbenotedthattheaboveinorganicoxidec arriermaycontain

a smallamount 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 %) a%"
typified by, for example, magnesium compounds such as MgCl , and
Mg(OGHs) 2,andcomplexsaltsofthecompounds. Here,R 2lrepresents
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analkylgroup having 1to 20 carbon atoms, analko Xy group having
1to20carbonatoms, oranarylgroup having 6to 20carbonatoms,
Xrepresentsahalogenatomoranalkylgrouphavin glto20carbon
atoms, a represents 0 to 2, b represents 0 to 2, an d atb=2. The
respectiveR  2!'sortherespectiveX'smaybeidenticatoordif ferent

from each other.

[0042] Inaddition, examples ofthe organic carrier include:
polymerssuchasapolystyrene,astyrene-divinylbe nzenecopolymer,

a polyethylene, a polypropylene, a substituted poly styrene, and
apolyallylate;starch;andcarbon. Thecarrierus edinthepresent
inventionispreferably,forexample,MgCl 2,MgCI(OC >H5),Mg(OC H) 2,
SiO,0rAl  ,05. Althoughthepropertiesofthecarriervarydepe nding
onthekindof,andaproductionprocessfor,thec arrier thecarrier
hasanaverageparticlediameteroftypicallylto 300 um,preferably
10to 200  um, or more preferably 20 to 100 um. When the particle
diameterissmall,theamountofafinepowderint he «-olefinpolymer
increases. Whentheparticlediameterislarge th eamountofcoarse
particlesinthe o-olefin polymerincreasesto be responsible for
areductioninbulkdensityorthecloggingofaho pper. Inaddition,

the carrier has a specific surface area of typicall y 1to 1,000
nt/g or preferably 50 to 500 m 2/g and a pore volume of typically

0.1to5cm  3/gorpreferably0.3to3cm 3/g. Whenoneofthespecific
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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thespecificsurfaceareaandtheporevolumecane
from forexample thevolumeofanitrogengasads
withaBETmethod(see"J.Am.Chem.Soc.,60,309

the above carrier is desirably used after having be
typically 150 to 1,000°C or preferably 200 to 800°C
[0043] When the carrier is caused to carry at least
of catalyst component, the carrier is desirably cau
atleast one of the components (A) and (B), or pref
thecomponents(A)and(B). Althoughamethodofc
tocarryatleastoneofthecomponents(A)and(B)

limited, available is, for example, a method involv
leastone ofthe components (A) and (B), and the ca
involving treating the carrier with an organic alum

or a halogen-containing silicon compound and mixing
productwithatleastone ofthe components(A)and
solvent,amethodinvolvingcausingthe carrier,th
and/orthe component(B),andthe organicaluminum
halogen-containing silicon compound to react with o
method involving causing the carrier to carry the c

or (B) and mixing the resultant with the component
method involving mixing a product obtained by a con
between the components (A) and (B) with the carrier

involving causing the carrier to coexist at the tim

reaction between the components (A) and (B). It sh
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that the organic aluminum compound as the component

be added in any one of the above reactions.

[0044] Thecatalystthusobtainedmaybeusedinpo
after having been extracted as a solid through the
solvent by distillation, or may be used in the poly

itis. Inaddition, inthe presentinvention, the
producedbyperformingtheoperationofcausingthe
atleastoneofthecomponents(A)and(B)inapol

Available is, for example, a method involving addin

of the components (A) and (B), and the carrier, and
the organicaluminumcompoundasthe component(C),
mixture, an olefin such as ethylene at normal press
andsubjectingtheresultantmixturetopreliminary
at-20to 200°C for about 1 minute to 2 hours, to t
catalyst particles.

[0045] In the present invention, it is desired that
ratio between the component (b-1) and the carrier b
1:0.5t01:1,000 or more preferably 1:1to 1:50in
ratio,andausageratiobetweenthecomponent(b-2

be preferably 1:5t0 1:10,000 or more preferably 1:
termsofamassratio. Whentwoormorekindsofc
(B)areusedasamixture ausageratiobetweenea
(B)andthecarrierdesirablyfallswithintheabov

ofamassratio. Inaddition jtisdesiredthata
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the component (A) and the carrier be preferably 1:5
omorepreferablyl:10tol:500ntermsofamass

the catalyst in the present invention may contain t

(A), (B), and (C) as main components. A usage rati
component(B)andthecarrierandausageratiobe

(A) and the carrier each desirably fall within the

terms of a mass ratio. As described above, a molar
amountofthecomponent(C)inthiscasetotheamo
(A)ispreferably1:1t01:10,000, more preferably

or still more preferably 1:10 to 1:1,000. When the
between the component (B) (the component (b-1) or t
(b-2)) and the carrier, the usage ratio between the

and the carrier, or the usage ratio between the com

the component (A) deviates from the above range, th
reduce. The catalyst of the present invention thus

an average particle diameter of typically 2 to 200
10to150  um,orparticularlypreferably20to100
surface area oftypically 20to 1,000 m

nf/g. When the average particle diameter is less tha
amountofafinepowderinthepolymermayincrease
particle diameter exceeds 200

inthepolymermayincrease. Whenthespecificsur

to 1:10,000
ratio. Inaddition,
he components
0 between the
tweenthecomponent
aboverangein
ratio of the
untofthecomponent
1:5t01:2,000,
usage ratio
he component
component (A)
ponent (C) and
e activity may
prepared has
um, preferably

pmandaspecific

2/g or preferably 50 to 500

n2 um,the

. Whentheaverage

um, the amount of coarse particles

faceareaisless

than20m ?/g, the activity may reduce. When the specific sur face

areaexceeds1,000m
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In addition, a transition metal amountin 100 g of the carrierin
the catalyst of the present invention is typically 0.05t010¢g
or particularly preferably 0.1to 2 g. Whenthetr ansition metal
amountdeviatesfromthe aboverange, the activity mayreduce. 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] Onekindormoreof o-olefinshaving6to20carbonatoms

are used as raw material monomers in the polymeriza tion step in
themethodofproducingan o-olefinpolymerofthepresentinvention.
Examplesothe a-olefinshavingdo20carbonatomsncludel-hexe ne,
4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 1-decene,
1-undecene,1-dodecene,l-tridecene,1-tetradecene, 1-pentadecene,
1-hexadecene, 1-heptadecene, 1l-octadecene, 1-nonade cene, and
1-eicosene, and one kind or two or more kinds there of are used.
Of those, more preferred are o-olefins having 6 or more to 14 or
lesscarbonatoms,andpatrticularlypreferredare a-olefinshaving

8 ormoreto 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 sincluding a
bulk polymerization method, a solution polymerizati on method, a
suspensionpolymerizationmethod, aslurry polymeri zationmethod,
andavaporphasepolymerizationmethodmaybeempl oyed. Withregard
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to polymerization conditions, a polymerization temp
typically O to 200°C, preferably 30 to 150°C, or mo
40to 120°C. In addition, a usage ratio of the cat
materialmonomerissuchthatamolarratio'rawma
abovecomponent(A)'ispreferablyltol0

100t010 °. Further, apolymerizationtimeistypically 5 mi
to20hours,andareactionpressureispreferably
to0.2MPaGorparticularlypreferablynormalpress

[0048] In the production method of the present inve
polymerizationis preferably performed withouta so
viewpointof productivity, butasolventmay be use
ofusingasolvent,examplesofthesolventwhichm

aromatic hydrocarbons such as benzene, toluene, xyl
ethylbenzene; alicyclic hydrocarbons such as cyclop
cyclohexane, and methylcyclohexane; aliphatic hydro

as pentane, hexane, heptane, and octane; and haloge
hydrocarbons such as chloroform and dichloromethane
solventmay be used alone or two or more kinds ther

in combination. In addition, amonomer such as 1-b

be used as the solvent.

[0049] Inthe productionmethodofthe presentinve
activity isimproved by adding hydrogen upon polyme

o-olefin having 6 to 20 carbon atoms. When hydrogen

pressure is typically 0.2 MPaG or less, preferably
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MPaG, or more preferably 0.01 to 0.1 MPaG.
[0050] In the present invention, preliminary polyme
can be performed by using the catalyst for polymeri

preliminarypolymerizationcanbeperformedbybrin

asmallamountofanolefinintocontactwiththec

However, a method for the preliminary polymerizatio

particularlylimited ,andaknownmethodcanbeemp
usedinthepreliminarypolymerizationisnotparti

and examples of the olefin include ethylene, an

3to 20 carbon atoms, and mixtures of them. Itis

usethe same olefinasthe monomerusedinthe poly
addition, a temperature for the preliminary polymer
typically-20t0200°C,preferably-10to130°C,or
0to80°C. Inthepreliminarypolymerization,ani

an aliphatic hydrocarbon, an aromatic hydrocarbon,
thelikecanbeusedasasolvent. Othosethea

is particularly preferred. Alternatively, the prel
polymerization may be performed in the absence of a
Conditions for the preliminary polymerization are p
adjustedsothattheamountofapreliminarypolyme
withrespecttolmmolofatransitionmetalcompon

may be 1 to 10,000 g or particularly 1 to 1,000 g.
[0051]

Amethodofadjustingthemoleculamweighto

inthe productionmethod ofthe presentinventioni
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amethodinvolvingselectingthekindsandusageso ftherespective
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] Whenthe o-olefinpolymerisusedinalubricatingoil,

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

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

theabovepolymerizingstep. Amethodfortheremo vals forexample,

amethodinvolvingperformingdistillationunderre ducedpressure.
Inaddition subjectinghe o-olefinpolymeitcehydrogenation

treatmentto produce a hydrogenated o-olefin polymeris preferred

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

forthehydrogenationisnotparticularlylimited, andaknownmethod

can be employed.

[0053] Theemploymentofthe productionmethod oft hepresent
inventioncanproducean o-olefinpolymerhavingaviscositysuitable
foruseindubricatingoibnanindustriakcale withease. Further,

the control of the reaction conditions such as the adjustment of
thereactiontemperature can widely change the char acteristics of

the product.

It should be noted that the above phrase "produce on an
industrial scale withease"means, forexample, tha ttheusageand
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, orthatthe step of dilution with aninert solventis not
needed.
[0054] [ o-olefin polymer]

An o-olefin polymer of the presentinventionis an o-olefin
polymer obtained by the above production method, an d preferably
hasakinematicviscosityat100°C measuredinconf ormitywith JIS
K22830f20t01,000mm 2/s. Whenthe 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 ?/s or particularly preferably 30 to 700 mm ?/s.

[0055] The o-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
amolecularweightdistribution(Mw/Mn)ottypicall yl.5to4. Those
values can be determined by gel permeation chromato graphy.

[0056] The  «-olefinpolymerofthe presentinventionissuch

that its o-olefin unit sequence portion has an isotacticity o f
typically 20 to 40% or preferably 25to 35% anda s yndiotacticity

of typically 40% orless or preferably 15t0 35%in terms oftriad
expression. The polymer shows a good low-temperatu re

characteristic  when the polymer satisfies the above
stereoregularity.

[0057] The o-olefin polymer of the present invention is
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characterizedinthatthepolymerhasalowerpour pointandahigher
viscosityindexthanthose ofapolymerobtained by aconventional
production method. For example, an o-olefin polymer having a
kinematic viscosity at 100°C of about 40 mm ?/s has a pour point of
-45°Corlowerandaviscosityindex(VI1)of170or moreinordinary
cases. Imadditionan o-olefinpolymerhavingskinematicviscosity
at 100°C of about 100 mm %/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]
Aubricatingoicompositionothepreseninven tioncontains
the o-olefinpolymerand/orthehydrogenated o-olefinpolymer,and
typicallycontainsthose polymersatacontentofO .01t0100mass%
with reference to the total amount of the compositi on.
Themannerinwhichthe a-olefinpolymerorthe hydrogenated
o-olefinpolymerisusedinthelubricating oilcomp ositionofthe
presentinventionisnotparticularlylimited,and anysuchpolymer
may be usedasabase oil, ormay beusedasanadd itive. Whenany
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
weightto a polymerhaving a high molecularweight. Whenanysuch
polymer is used as a base olil, the polymer may be u sed alone, or
may be used asamixturewithany otherbaseoil. Althougharatio
ofthe mixtureis notparticularly limited, the rat ioistypically
1to100mass%withreferencetothetotalamounto fthecomposition.
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Whenanysuchpolymerisusedasanadditive,thep olymerisutilized

as, for example, a viscosity index improver. In th
o-olefin polymer having a relatively high molecular
preferablyused. The
is,forexample,apolymerhavinganumber-average
in excess of 5,000. In addition, the polymer is ty
atacontentof0.01to33mass%withreferenceto
of the composition.

[0059]
appropriately blended into the lubricating oil comp
presentinventionto such anextentthatthe object
invention is not inhibited. Examples of the additi
phosphorus-based extreme pressure agentsuchasap
ester and a phosphorous acid ester; an oiliness age
acarboxylicacidsuchasoleicacid,stearicacid,
andestersthereof;ananti-wearagentsuchaszinc
(ZnDTP, excluding an aryl type), zinc dithiocarbama
oxymolybdenum dithiocarbamate  sulfide  (MoDTC),
dithiophosphate (NiDTP), and nickel dithiocarbamate
amine-basedandphenol-basedantioxidants;ametal

as thiadiazole and benzotriazole; a sludge dispersi

as an alkenyl succinic acid and esters and imides t

inhibitor such as asorbitan esterand a sulfonate,

asalicylate of neutralalkaline earthmetals;and
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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

as dimethylpolysiloxane and polyacrylate.

[0060] The application ofthe lubricating oilcompo sition of
the present invention is not particularly limited, and the
lubricating oil composition may be used as aninter nal combustion
engine oil such as a gasoline engine oil (2 cycles and 4 cycles)
oradiesel engine oil, adrive systemoil such as agearoil, ATF
(automatic transmission fluid), PSF (power steering fluid), ora
buffer oil,an equipment oil such asachassisall, aturbineoill,

an operating oil, a machine tool oil, or a refriger ator oil, a
processing oil such as arolling oil, a cutting and grinding oil,

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

Examples

[0061] Next,thepresentinventionisdescribedin moredetail
withreferencetoexamples,butthepresentinventi onisnotlimited
thereto.

[0062] An o-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 ithJISK
2283. Aviscosityindexwasdeterminedfromtheki nematicviscosity
through a calculation in conformity with JIS K 2283

(3) Number-average molecular weight and molecular w eight
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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
tothemethoddescribedin[Macromolecules24,2334 (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)wereloadedintoal,000-mlt hree-neckedflask
replacedwithnitrogen,andthemixturewasstirred atD°C. Sminutes
afterthat,1to2mlofcyclopentadieneweredropp edtothemixture.
Oncethegenerationofthydrogenstopped,1to2ml ofcyclopentadiene
werenewlyaddedtotheresultantmixture. Theabo veoperationwas
repeated untilatotal of 50 ml (600 mmol) of cyclo pentadiene were
added. Thereactionsolutionchangedfromacolorl ess,transparent
onetcanincarnadineone. AfterTHFhadbeenremo vedbydistillation
underreducedpressure theresultantcrystalwasw ashedwithhexane
twiceandsolidifiedbydryingunderreducedpressu re. Asaresult,
cyclopentadienyl sodium as a pink powder was obtain ed.
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457mlofTHRwereaddedto4 3.0g(480mmol)ofc
sodiumat0°C,andthemixturewasstirred. Themi
to -78°C, and 29.2 ml (480 mmol) of dichlorodimethy
slowly dropped to the solution. The solution chang

one to a white one. After the solution had been st

yclopentadienyl
xturewascooled
Isilane were

ed from a pink

irred at room

temperatureovernight,THRvasemovedoydistillat ion. Asresult,
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. Afterthe supernatanthad
-78°C 175.8m(480mmoljofn-butyllithium(2.73
to the supernatant. The reaction solution changed
onetoanopaque one. Afterthe solutionhadbeen
temperatureovernight,thesupernatantwasremoved
throughfiltration. Theresultantwhitesolidwas
mlofhexane. Thewashedproductwasdriedunderr
Asaresult, adilithiumsalt[Compound (2)]asaw
obtained.
50mlofdiethyletherand100mlofhexanewerea
g (137 mmol) of Compound (2). After the mixture ha
to-78°C,16.7ml(137 mmol) ofdichlorodimethylsil
droppedtathemixture. Aftertheresultantmixtur
at room temperature for 5 hours, the precipitate wa

filtration, and the filtrate was concentrated.
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recrystallization from hexane was performed. Asa result,4.05¢g
ofCompound(3)asaneedle-liketransparentcrysta Ilwere obtained

(in 12% yield).

Ina200-mliSchlenkflaskreplacedwithnitrogen, 4.05¢(16.6
mmol) of Compound (3) were dissolved in 60 ml of he xane, and the
solutionwasstirred. Afterthesolutionhadbeen cooledto-78°C,
12.1 ml (33.12 mmol) of n-butyllithium (2.73 mol/l) were dropped
to the solution, and the mixture was stirred at roo m temperature
overnight. Afterthesolventoftheopaquesolutio nhadbeenremoved
bydistillationunderreducedpressure,theprecipi tatewaswashed
with 20 ml of hexane. The washed product was dried under reduced
pressure. Asaresult,adilithiumsalt[Compound (4)]asawhite

powder was obtained.

[0064] 34dmbtoluenewereaddedoCompound4). Asuspension
0f3.99(16.6 mmol) ofzirconiumtetrachloridein 51 mloftoluene

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

had been stirred at room temperature overnight, the solvent was
removedbydistillatiorundereducedoressure. As aesultaarget

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
thendriedunderreducedpressure. Asaresult,50 OmgofCompound
(5)wereobtained(in7.4%yield). Thedeterminati onofthe 'H-NMR

of the compound provided the following results.

38



NO OVN 003 500 08 LOT SEZ 335 LEZ ST-T68'8 PPSIPT L9'T 88 |

'H-NMR(500MHz CDCI 3) 50.496Hs,(CH
6.40 (2H, t, -CH-), 6.89 (4H, d, -CH-).
[0065] [Production Example 2]
(1,1'-dimethylsilylene)(2,2'-isopropylidene)-bis(cy
nyl)zirconium dichloride
100miofTHFwereaddedtol2.8g(143mmol)ofc
sodiumat0°C,andthemixturewasstirred. After
been cooled to -78°C, 50 ml of a solution of 17.3 m
of 6,6-dimethylfulvene in THF was dropped to the so
reaction solution showed a deep orange color,and b
turbid. Afterhavingbeenstirredatroomtemperat
the reaction solution was hydrolyzed with 100 ml of
thesolventhadbeenremovedbydistillationunder
theremainderwas separatedwithwaterand hexane,
layerwasdriedwithanhydrous magnesiumsulfate.
removed by distillation, and the remainder was dist
reduced pressure (30°C/10.6 Pa). As aresult, 4.66
(6) were obtained (in 18.9% vyield).
Ina200-mliSchlenkflaskreplacedwithnitrogen,
mmol)ofCompound(6)weredissolvedin50mlofTH
was stirred. Afterthe solution hadbeencooledto
(54.0 mmol) of n-butyllithium (2.73 mol/l) were dro
solution,andthemixturewasstirredatroomtempe

After the mixture had been cooled to -78°C again, a

39

3) 2Si]0.87

[6HsS(CH  3)2Si],

Synthesis of

clopentadie

yclopentadienyl
thesolutionhad
| (143 mmol)
lution. The
ecame slightly
urefor3hours,
water. After
reducedpressure,
andtheorganic
Thesolventwas
illed under

g of Compound

4.669(27.0
F,andthesolution
-78°C,19.8ml
pped to the
ratureovernight.

solution of
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3.3 ml (27.0 mmol) of dichlorodimethylsilane in 21

droppedtothe mixture over 30 minutes. Afterhavi

atroomtemperature overnight, the reaction solutio

an opague one to a yellow one. The precipitate was

filtration,andthefiltratewasconcentrated. The

oily matter was distilled under reduced pressure (3

Pa). Asaresult,1.0gofCompound(7)wasobtain
Ina200-mlSchlenkflaskreplacedwithnitrogen,

mmol) of Compound (7) was dissolved in 41 ml of hex

solutionwasstirred. Afterthesolutionhadbeen

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

to the solution, and the mixture was stirred at roo

overnight. Afterthesolventottheopaquesolutio

bydistillationunderreducedpressure,theprecipi

with 10 ml of hexane. The washed product was dried

pressure. Asaresult, adilithiumsalt[Compound

powder was obtained.

[0066] 14mbtoluenewereaddedoCompound(8).

0f1.02g(4.38mmol)ofzirconiumtetrachloridein

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

had been stirred at room temperature overnight, the

removedbydistillatiorundereducedoressure. As

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

with 20 ml of dichloromethane, and the filtrate was

40

ml of THF was
ngbeenstirred
nchangedfrom
removed by
resultantyellow
5t045°C/7.98
ed(in16.2%yield).
1.0g9(4.38
ane, and the
cooledto-78°C,
were dropped
m temperature
nhadbeenremoved
tatewaswashed
under reduced

(8)]asawhite

Asuspension
14mloftoluene
r the mixture
solvent was
aesultaarget
was extracted

concentrated.
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The concentrated product was washed with 10 ml of h
thendriedunderreducedpressure. Asaresult,14
(9)wereobtained(in8.2%yield). Thedeterminati

of the compound provided the following results.

exane, and was
OmgofCompound

onofthe  'H-NMR

'H-NMR(500MHz,CDCI 3) 50.453Hs, (CHs) »Si]0.91[3Hs(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 1lwas

sufficientlydriedandreplacedwithnitrogen. Aft
of 1-decene were charged into the autoclave, and th
of the mixture was increased to 60°C. After 0.5 mm
methylaluminoxane(2.0-mmol/mkoluenesolution.
into the autoclave, loaded were 5
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(
ienyl)zirconium dichloride obtained in Production E
(5- umol/ml toluene solution; 1 ml). After that, hydrog
immediatelyintroducedintothe autoclavetoattain
polymerization was initiated.

120 minutes after that, 10 ml of methanol were add
resultantsothatthepolymerizationmightbestopp
were taken outand addedto 200 mlofa 1-mol/l hyd

Then, the mixture was stirred. The solution was tr

separating funnel, and the organic layer was fracti
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ed. Thecontents
rochloric acid.
ansferredtoa

onated. After
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that,theorganiclayerwaswashedwithwater,and thesolidmatter
oftheorganiclayerwasremovedwithafilterpape r2Cmanufactured
by Toyo RoshiKaisha, Ltd. Heptane, the raw materi als, methanol,
andthelikewereremovedbydistillationfromthe resultantsolution
witharotaryevaporator(underareducedpressure ofabout1.0x10
MPa in an oil bath at 100°C). As a result, 88 g of a colorless,
transparentiquidvereobtained. Tablelshowsth eresultsobtained

by the above analysis methods.

[0068] [Example 2]

111gofacolorless,transparentliquidwereobta inedinthe
samemannerasnExamplelexcepthathepolymer izationtemperature
waschangedto70°C. Tablelshowstheresultsobt ainedbytheabove

analysis methods.

[Example 3]

61gofacolorless, transparentliquid were obtai nedinthe
samemannerasnExamplelexcepthathepolymer izationtemperature
waschangedto50°C. Tablelshowstheresultsobt ainedbytheabove

analysis methods.

[Example 4]

61gofacolorless,transparentliquid were obtai nedinthe
samemannerasrExamplelexceptha.5mmobf triisobutylaluminum
and 0.01 mmol of N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate  were  used instead of
methylaluminoxane. Tablelshowstheresultsobtai nedbytheabove

42
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analysis methods.
[Example 5]

230gofacolorless,transparentliquidwereobta

same manner as in Example 4 except that 400 ml of 1

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

tetrakis(pentafluorophenyl)borate, and 10

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

inedinthe
-decene, 1.0
hylanilinium

umol of

cyclopentad

ienyl)zirconium dichloride were used, the polymeriz ation

temperaturewaschangedto100°C,andthereaction
to 240 minutes. Table 1 shows the results obtained
analysis methods.
[Example 6]
212gofacolorless,transparentliquidwereobta
samemannerasnExampledexcepthathepolymer
waschangedto88°C. Tablelshowstheresultsobt
analysis methods.
[0069] [Example 7]
90gofacolorless,transparentliquid were obtai
same manner as in Example
(1,1'-dimethylsilylene)(2,2'-isopropylidene)-bis(cy
nyl)zirconiumdichlorideobtainedinProductionExa
instead
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(

ienyl)zirconiumdichloride. Tablelshowstheresu
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the above analysis methods.
[Example 8]
69gofacolorless, transparentliquid were obtai
samemannerasnExample/excepthathepolymer
waschangedto80°C. Tablelshowstheresultsobt
analysis methods.
[Example 9]
81gofacolorless,transparentliquid were obtai
same manner as in Example 4
(1,1'-dimethylsilylene)(2,2'-isopropylidene)-bis(cy
nyl)zirconiumdichlorideobtainedinProductionExa
instead
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(
ienyl)zirconiumdichloride,andthepolymerization

changedto 80°C. Table 1 shows the results obtaine

analysis methods.

[0070] [Comparative Example 1]
65gofacolorless,transparentliquid were obtai
same manner as in Example 1

bis(cyclopentadienyl)zirconium dichloride was used
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(
ienyl)zirconiumdichloride. Table2showstheresu

the above analysis methods.

[Comparative Example 2]
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103gofacolorless,transparentliquidwereobta
samemannerasnComparativeExamplelexcepthat
temperaturewaschangedto50°C ,andtheusageoth
t00.02MPa. Table2showstheresultsobtainedby
methods.
[Comparative Example 3]

40gofacolorless,transparentliquid were obtai
same manner as in
bis(pentamethylcyclopentadienyl)zirconium dichlorid
instead
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(
ienyl)zirconiumdichloride. Table2showstheresu
the above analysis methods.
[Comparative Example 4]

96gofacolorless, transparentliquid were obtai
samemannerasnComparativeExample3excepthat
temperaturewaschangedto50°C ,andtheusageoth
t00.02MPa. Table2showstheresultsobtainedby
methods.
[Comparative Example 5]

43 gofacolorless, transparentliquid were obtai
same manner as in
bis(n-butylcyclopentadienyl)zirconiumdichloridewa

of
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except that

susedinstead



rt0 OVN 00Z 500 09 59 ET P'8 84 ZST OS- SECT PZO'E PPZ 9E

(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis( cyclopentad
ienyl)zirconiumdichloride. Table2showstheresu ltsobtainedby

the above analysis methods.

[0071] [Comparative Example 6]

100gofacolorless,transparentliquidwereobta inedinthe
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)zirconiumdichloride. Table2showstheresu ltsobtainedby

the above analysis methods.

[Comparative Example 7]

107gofacolorless,transparentliquidwereobta inedinthe
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)zirconiumdichloride,andthepolymerization temperaturewas
changedto 80°C. Table 2 shows the results obtaine d by the above

analysis methods.

[Comparative Example 8]

38gofacolorless, transparentliquid were obtai nedinthe
same manner as in Example 1 except that
diphenylmethylidene-cyclopentadienylfluorenyl zirco nium

46



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 (mmz2/s) Viscosity index Pour point (C)
Number-average molecular weight

dichloride was used, the polymerization temperature
to 90°C, and the usage of hydrogen was changed to O
2 shows the results obtained by the above analysis
[Comparative Example 9]
112gofacolorless,transparentliquidwereobta
same manner as in Example
(1,2'-dimethylsilylene)(2,1'-dimethylsilylene)
conium dichloride was used
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(
ienyl)zirconium dichloride, the polymerization temp
changedto 70°C, and the usage of hydrogenwas chan

Table 2 shows the results obtained by the above ana

a7

was changed
.8 MPa. Table

methods.

inedinthe
except that
- bis(indenyl)zir
instead of
cyclopentad
erature was
gedto0.5MPa.

lysis methods.



Weight-average molecular weight Molecular weight distribution: Mw/Mn Stereoregularity: mm

(mol%) Stereoregularity: mr (mol%) 1 Stereoregularity: rr (mol%) Reaction conditions
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A: (1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride B:

[0074]Items listed in Table 1 and Table 2 are described below. [Transition metal compound]
(1,1'-dimethylsilylene)z

dichloride E: bis(n-butyft,
diphenylmethylideng-cyg Igp
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(1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(indenyl)zirc onium dichloride [Co-catalyst] MAO:
methylaluminoxane BI: 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

cranging e cotan & B ATt A0 A B aRSSSR e witnin & moderal ARG Examples 1

to 6, but polymers each having a characteristic preferred for use in a lubricating oil are hardly obtained
i Compbl S LA BIAL S RER
1) evaA_

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

ienyl)zirconium dichloride

polymerization is performed in the same temperature range.

cyclopentad

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

l:

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

[Co-catalyst]

MAO: methylaluminoxane

B1: N,N-dimethylanilinium tetrakis(pentafluoropheny borate

TIBA: triisobutylaluminum

[0075] As can be seen from Tables 1 and 2, polymers showing
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valuesforthestereoregularitymmsimilartothose ofthepolymers
of the examples have been obtained in Comparative E xamples 1 to
5aswell. However,asillustratedin Table 3and FIG.1, «-olefin
polymers each having a kinematic viscosity preferre d for use in
a lubricating oil (a kinematic viscosity at 100°C o f20to 1,000
mrf/s) can be freely produced by using the same transi tion metal
compoundandbychangingthe co-catalystoradjusti ngthereaction
temperaturewithinamoderaterangeinExamplesit 06,butpolymers
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] AscanbeseenfromTablesland2,the

of Comparative Examples 6 to 9 each show a kinemati
100°Cpreferredforuseinalubricatingoil. Howe

activity is low in Comparative Example 8. In addit
stereoregularity of each of the polymers obtained i
Examples 6, 7, and 9 differsfrom that ofany one o
Accordingly, as illustrated in Table 4 and FIG. 2,

polymerobtainedintheinventionofthe subjectap

a-olefinpolymers
C viscosity at
ver thecatalytic
ion, the
n Comparative
fthe examples.
the «o-olefin

plicationshows

alowpourpointascomparedtothe o-olefinpolymerofacomparative

examplehavingthesamekinematicviscosityasthat
polymer obtained in the present invention. Accordi
o-olefin polymer obtained in the present invention h

more preferred for use in a lubricating oil.
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Catalyst system Polymerization temperature (QC) 1 atic viscosity at 100C (mm2/s)

[0077]As can be s€emn ffo atbles 1 and 2, the a-olefin polymers of Comparative Examples 6
to 9 each show a kjnemaic piscosity at 100Cpreferred for use in a lubricating oil. However,
the catalytic activit |<' gp%omparatlve Example 8. In addition, the stereoregularity of each
of the polymers ob al n Comparative Examples 6, 7, and 9 differs from that of any one of
the examples. Accogdingly. as|illustrated in Table 4 and FIG. 2, the a-olefin polymer obtained
in the invention of {ig subject ppplication shows a low pour point as compared to the a-olefin
polymer of a compasiti egnple having the same kinematic viscosity as that of the a-olefin
polymer obtained i sent invention. Accordingly, the a-olefin polymer obtained in the
present invention h ature more preferred for use in a lubricating oil.  [0079][Example
10]
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A stainless autoclave having an internal volume of 1 | 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/ étﬁa‘gnene solytion; 0,. 8 ml ) , and0.085=cl ( 64 mg) of powdery N,N-dimethylanilinium
tetrakis(rE R uoroph §ﬁ@cﬂJ§t&a|1to a 10-m3 glass Schlenk bottle under a nitrogen atmosphere,
stirring the mixt rature for about 1 minuthaddi g 2 ml of 1-decener1écf the mixture,

%egtgrﬁom temPp? I

and stirring the SRR &VFOB%V&%%%}BE‘GFQ%YO B8 Qtional one hour] we (Wn%?ged into the
lave, 0.02 MP f hyd [ duced i h [ I izati

WA N TR o

the result:irhfl &md the mixturﬁ was ut%'eﬁtl%datg a Teacti(&peaf 105C for an additi | 120|m'¥1utes. After

that, 10 Ml of MEthAnO! Were added 1o the FesUitant so that the polymerization migrqu]eos?opped. The

contents W reﬂ@i%\ﬁ]&%%w dggd1J 6%&§$ rmtgf ?h]év\.'é%’[ ﬁj&g\? ’us solution of NaOHaH}eﬂq éhe mixture

was stirred- T ion was transferred to a separating funnel; and the organic layer was

yor wea e L e e I o Roohi Kaisha. . Tofiche, the raw
ne Fpaper 0 b Tiyo Rost iche.
evaporars R B0 M in an o1 ath ADIDEY 20 a reeult, 275
! pre _ Pan an oi bath at 100C). A< a re
it B2 o G 00 marutacrured By Sioath Weiontc

Technololgy Ltd. and a high-vacuum exhausting gﬁy&:e DS-2127) under a reduced pressurggof 5x1076
Pa at 180C. As a result, 261 g of a polymerized product from which components having 20 or less

carbon a{gnﬂs_dqﬁ% d@g%wg;&@%g%ﬁ@bﬁé shows the results ob@@sﬁ@xéﬁe above

analysis methods. [008 e 11] The polymerized product obtained in Example 10 was

loaded into,arptRRRRAURIRYRIRAUREATINISB MAIUBRAT & 1 and a stabilizing,gigkel catalyst
(5N750 manufactured by Sakai Chemical Industry Co., Ltd.) was added to the polymerized product at

a Weight(r@_ti mdlmﬁ%uéﬁéédnﬁhm $?ﬁ|y5iﬁfd)zﬁ§m(‘63 was subjected to Rd %érpyz MPa of

hydrogen at 130C for 6 hours. After the completion of the reaction, the temperature of the contents

was COOIRANGR AR AN miaRe f@ﬁﬁl@@?p‘e?ﬁé%@r&f?ﬂi@ﬁ??% out. The catalyst,gempapegt was

separated by filtration with a 1-nm filter at 70C. As a result, 260 g of a hydrogenated product were

obtainedy Fahleashews ek Ly ARG RITR IR ARRIANalYSs methods e agHFExample 12]

230 g of a colorless, transparent polymerized product from which components having 24 or less

carbon afginmPAGrERNISM AWRThWRIRIRDIGINASH IR henfaime manner as in Exagipifd G eyeept that 400
ml of 1-dodecene was used instead of 1-decene. Table 5 shows the results obtained by the above

analysis giathederExamelaikiire, and 38reirkf dayssagenated polymerized praghiskyyers obtained in
the same manner as in Example 11 except that the polymerized product of Example 12 was used and

the catalysbitiasrepanaacein tapaltrfilonabreinauspiadyst(product carryingigyetitip thable 5 shows
the results obtained by the above analysis methods. [0082][Example 14] 254 g of a colorless,

transparenigelbweeridest tiatd oco R adisihgarogenenis having 24 or less paibdiicatPime had been
removed were obtained in the same manner as in Example 10 except that 400 ml of 1-octene was

used instpad btiges anelp bakir AN H¥niga0d . s1obtained by the abozeraimaisisfraethods.
[Example 15] 252 g of a hydrogenated polymerized product were obtained in the same manner as

in Exampleaf, Shexeemitiiat the poyierzadipsediiceofiExample 14 was useguitiaidecaddeds the
results obtained by the above analysis methods. Example 1 ST 11

to the resultant, and the mixture was subjected to areaction at
105°Cforanadditional120minutes. Afterthat,1 Omlofmethanol
were added to the resultant so that the polymerizat ion might be
stopped. Thecontentsweretakenoutandaddedto 200mlofal-wt%
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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. Afterthat,the organicla yerwas washed
with water, and the solid matter of the organic lay erwas removed
with a filter paper 2C manufactured by Toyo Roshi K aisha, Ltd.
Toluene, the raw materials, methanol, and the like were removed
bydistillationfromtheresultantsolutionwitha rotaryevaporator
(under a reduced pressure of about 1.0x10 4 MPain an oil bath at
100°C). Asaresult,275gofacolorless,transpa rentliquidwere
obtained. Further, the liquid was distilled with a thin-film
distilling device (a molecular distilling device Mo del MS-300
manufacturedbySibataScientificTechnologyLtd.a ndahigh-vacuum
exhausting device DS-212Z) under a reduced pressure of 5x10 ° Pa
at180°C. As aresult, 261 g of a polymerized prod uct from which
components having 20 or less carbon atoms had been removed were
obtained. Table5showstheresultsobtainedbyth eaboveanalysis
methods.
[0080] [Example 11]

ThepolymerizedproductobtainedinExamplelOwas loadedinto
a stainless autoclave having an internal volume of 11, and a
stabilizing nickel catalyst (SN750 manufactured by SakaiChemical
IndustryCo.,Ltd.)wasaddedtothepolymerizedpr oductataweight
ratioof 1wt%. Afterthat,the polymerizedproduc twassubjected
toareactionin2MPaofhydrogenat130°Cfor6h ours. Afterthe
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completion of the reaction, the temperature of the
cooled to around 80°C, and then the contents were t
catalyst componentwas separated by filtration with
at70°C. Asaresult,260gofahydrogenatedprod
Table 5 shows the results obtained by the above ana
[0081] [Example 12]

230 g of a colorless, transparent polymerized produ

which components having 24 or less carbon atoms had

were obtained in the same manner asin 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]

229gofahydrogenatedpolymerized productwere ob tainedin
thesamemannerasinExamplellexceptthatthepo lymerizedproduct
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
were obtained in the same manner asin Example 10 e
miofl-octenewasusednsteadofl-decene. Table
obtained by the above analysis methods.

[Example 15]
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252 gofahydrogenatedpolymerized productwere ob tainedin
thesamemannerasinExamplel3exceptthatthepo lymerizedproduct
of Example 14was used. Table 5showstheresults obtained by the

above analysis methods.
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[0084] A:

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

ienyl)zirconium dichloride

B1: N,N-dimethylanilinium tetrakis(pentafluoropheny

TIBA: triisobutylaluminum

Industrial Applicability

[0085] Accordingtothepresentinvention,an
having a viscosity suitable for use in a lubricatin
producedonanindustriakcalewithease andcont

fuel efficiency, reduced energy requirements, and a

lifetime requested of the lubricating oil.
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ES Transition metal compound: kind Transition metal compound: usage (pmol) gqsATequo-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

CLAIMS
1. A method of producing an o-olefin polymer, comprising a
step of polymerizing one or more kinds of a-olefins each having
6to20carbonatomswithacatalystobtainedbyus ingthefollowing

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

(A) atransition metal compound represented by a ge neral formula
(N:

[Chem 1]

)

whereR toR ®eachindependentlyrepresentahydrogenatom,aha logen
atom,ahydrocarbongrouphavinglto20carbonato ms,oranorganic
group having 1to 20 carbon atoms and containing on eormorekinds

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
leastoneselectedfromR toR 3representsahydrogenatom,atleast
oneselectedfromR “toR Crepresentsahydrogenatom,R 3andR Peach
independently represent a divalent group for bondin g two
cyclopentadienyl rings with one to three atoms, X 1and X 2 each
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Pour point (C) CO00-H-ri4J4)U--1ni73a)cdo0C) [0084]A:
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)-bis(cyclopentad ienyl)zirconium dichloride BI:
N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate 1IBA: 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.

independently represent a hydrogen atom, a halogen atom, a
hydrocarbon group having 1to 20 carbonatoms, ora norganicgroup
having 1 to 20 carbon atoms and containing one or m ore kinds of
atomsselectedfromahalogenatom,asiliconatom, anoxygenatom,
asulfuratom anitrogenatom,andaphosphorusat om,andMrepresents

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) anionic
compoundcapableofreactingwiththeabovetransit ionmetalcompound

to transform the compound into a cation.

2. The method of producing an o-olefin polymer according to
claiml,whereineachofR toR Sinthegeneralformula(l)represents

a hydrogen atom.

3. The method of producing an o-olefin polymer according to
claim 1 or 2, wherein the polymerizing step compris es the step of
polymerizing two or more kinds of o-olefins each having 6 to 20

carbon atoms.

4. The method of producing an o-olefin polymer according to
any one of claims 1 to 3, wherein reaction conditio ns in the
polymerizing step comprise ahydrogen pressure of 0 to0.2MPa(G)

and a reaction temperature of 0 to 200°C.
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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 R chin ndently represent a divalent group for bonding two cyclopentadienyl
rings with one togtﬁ?é% %qﬁég %%5%%&@%3% indepen@é(ﬁﬁ?)qgﬁ?@%‘?{t%?%rﬁggeyﬂ atom, a halogen
atom, a hydrocarbgn.gro aving 1 to 20 carbon atoms, or.an organic group having 1 tq.20 carbon
atoms an%1 X%Faﬁ%ﬂ?d%ﬁ@%&mg?gﬂﬁﬁg of atoms sele&'eogefp?gr%og}gﬂ}ﬁgééﬂ atom, a TS "htom, an
oxygen atom, a sulfur atom. a nitrogen atom p phorus atom, an repre sent s a transition
metal be%%‘gmsag)aghn 8‘#%“8{??.&6%%2%’ %}é%?@é%g?%%sic table; and (B) &Oﬁ)iﬁdm@anic /§1Uminum

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

I di ' ' fRito R6 i t
mycrogen atom. o 1 HR SRR o an acioHie O S AR B 1 or 2,
herei 7] ises the step of pol kind fi h
Paving 6 120 oI ARG TG e o of raduE e ST potymer S 2ailing to any
0 6 s 4. fhe method __ er dcor
oresaurd TS RIS () S AT e A B S Suge fegomeree & vdroen

of 20t0 40% and a syndiotacticity of 40%orlessi ntermsoftriad
expression.

7. The method of producing an o-olefin polymer according to
any one of claims 1 to 6, further comprising a step of removing
o-olefin-basedcompoundseachhaving24orlesscarb onatomsafter

the polymerizing step.

8. An  «-olefin polymer obtained by the production method

according to any one of claims 1 to 7.

9.Ahydrogenated o-olefinpolymerobtainedbyhydrogenating

the «-olefin polymer according to claim 8.

10. A lubricating oil composition comprising the o-olefin

polymeraccordingtoclaim8and/orthehydrogenate d o-olefinpolymer
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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-oleﬁﬁ(b%’ 2 %BBW% "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.
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