SPECIFICATION TITLE OF THE INVENTION: a-OLEFIN OLIGOMER AND METHOD FOR
PRODUCING SAME TECHNICAL FIELD [0001] The present invention relates to an a-olefin oligomer
and a process for producing the same. In more detail, the present invention relates to an a-olefin oligomer
which is useful as a wax component or a lubricating oil component and a process for producing the same.
BACKGROUND ART [0002] In recent years, a-olefin oligomers have been produced using a
metallocene based catalyst and used as a wax component or a lubricating oil component. For example,
Patent Document 1 discloses a polymer obtere&Ciy @alyi@arizing a higher a-olefin having 10 or more
carbon atoms by using a metallocene based catalyst, and in working examples thereof, a catalyst using a
double-crosslinked complex in a racemic form is used.

TITLE OF THE INVENTION:

a-OLEFIN OLIGOMER AND METHOD FOR PRODUCING SAME

TECHNICAL FIELD

[0001]

The present invention relates to an a-olefin oligomer
and a process for producing the same. In more deta il, the
present invention relates to an a-olefin oligomer which is
useful as a wax component or a lubricating oil comp onentand

a process for producing the same.

BACKGROUND ART
[0002]

Inrecentyears, a-olefin oligomers have been produced
usingametallocenebasedcatalystandusedasawa xcomponent
oralubricatingoilcomponent. Forexample,Paten tDocument
1 discloses a polymer obtained by polymerizing a hi gher
a-olefinhavingl0ormorecarbonatomsbyusingam etallocene
based catalyst, and in working examples thereof, a catalyst
usingadouble-crosslinkedcomplexinaracemicfor misused.
PatentDocument2disclosesaproductionmethodof an a-olefin
polymer by polymerizing an a-olefin having 4 or more carbon
atoms by using a metallocene based catalyst, and in working



Patent Document 2 discloses a production method of an a-olefin polymer by polymerizing an a-olefin
having 4 or more carbon atoms by using a metallocene based catalyst, and in working examples thereof,
a catalyst using a double-crosslinked complex in a meso-symmetric form having two different crosslinking
groups is used. [0003] In the light of the above, although a-olefin oligomers have been produced
using a metallocene based catalyst until now, in conventional systems using a metallocene based
catalyst, selectivity of a product generally follows the prescribed rules (Schulz-Flory distribution, see
Non-Patent Doexaraplssl taeced), anddrsysforsing the qgoobleatiossif a low molecular nkaght region, a
large amount of a dimer was produced. In the case where a large amount of a dimer component is
contained in anCAIBRIAK dligémBTIeS FWRIBEidcolfgtmenaVingréwasidigcduntered such aproblem that an
increase of VOC voLa ile organic compound) components is resulted, and as for solid oligomers, there
was encounterédsi H@Br@%’l\éﬂ? th&F&9owering of melting point is caused due to a dimer component,
and a melting pgj %istribution is widened. For example, in the case where a large amount of a dimer
component is contained in an a-olefin oligomer having 16 or more carbon atoms, since the dimer
component has 32 or ek FGHPORRIARhERsRIRCt component ig diffigHbigdpgergmoved by means of
an operation such as distillation and the like and remains in the product. For that reason, there may have
been the case Wwheedegqurptiduteaatsivigeh raditpramdasedf@idiner componenstisipiesent, a lowering of
melting point is caused, and a melting point distribution is widened, and therefore, a tacky component

increases; or a PP¥hldih GOV EHRIGhSHIIPIST HRNGinfereRIR5RBRt RAower by about € than a melting

point of polymer components,.and hence, an gligomer containing a large amount of a dimer component
does not exhibif %t%;g%resc?%%m'p ‘é}o%tPFS?%‘:‘éﬁs %r.]‘fbﬂ&r()ﬁlowAlso, when used as g\t,ﬁaex component or a

lubricating oil C‘P%@@H@éﬁw@@&@&lﬂ“ﬁ%ﬁfﬁ%ﬂﬁ&r%l@éiK%ly low weight averagejpejecular weight and

a small molecular weight distribution value are preferable. The a-olefin oligomers obtained in the methods

described in theotregeing Patert) oaitmesatsre anthemoe naicsatisfactory, too asfaldhese properties, and
more enhancements of performances are desired.

molecularweightregion,alargeamountofadimer wasproduced.
In the case where a large amount of a dimer compone nt is
contained in an a-olefin oligomer, as for liquid oligomers,

there was encountered such a problem that an increa se of VOC
(volatileorganiccompound)componentsisresulted, andasfor
solid oligomers, there was encountered such a probl emthata
lowering of melting pointis caused due toadimer component,
andamelting pointdistributioniswidened. Fore xample,in
thecasewherealargeamountofadimercomponent iscontained
inan a-olefinoligomerhaving 16 ormore carbon atoms, si nce
the dimer component has 32 or more carbon atoms, th e subject
componentis difficultto be removed by means ofan operation
suchasdistillation and the like andremainsinth eproduct.
Forthatreason, there may have beenthe case where aproblem
that when a large amount of a dimer component is pr esent, a



PRIOR ART DOCUMENTS PATENT DOCUMENTS [0005] Patent Document 1: W003/070790 Patent
Document 2: JP-A-2001-335607 NON-PATENT DOCUMENTS [0006] Non-Patent Document 1: J.
Am. Chem. Soc., 1940, 62(6), 1561 to 1565 Non-Patent Document 2: Adv. Polymer Sc., 1974,
15(1), 1 to 30 SUMMARY OF THE INVENTION

lowering of melting point is caused, and a melting point
distribution is widened, and therefore, a tacky com ponent
increases; or a problem that a melting point of the dimer
componentislowerbyabout10 °Cthanameltingpointofpolymer
components, and hence, an oligomer containing a lar ge amount
ofadimercomponentdoesnotexhibitadesiredmel tingpoint,
is caused.
[0004]

Also, whenusedasawax componentoralubricatin goil

component, a-olefinoligomers having arelatively lowweight

average molecular weight and a small molecular weig ht
distribution value are preferable. The a-olefin oligomers
obtained in the methods described in the foregoing patent
documents 1 and 2 are not satisfactory, too as for these
properties,andmoreenhancementsofperformancesa redesired.
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NON-PATENT DOCUMENTS
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Non-PatentDocument 1: J. Am Chem Soc.,1940,62(6),

1561 to 1565



PROBLEMS TO BE SOLVED BY THE INVENTION [0007] In view of the foregoing circumstances,
the present invention has been made, and an object thereof is to provide an a-olefin oligomer with a small
amount of a dimer component without following the Schulz-Flory distribution and a process for producing
the same. Furthermore, an object of the present invention is to provide an a-olefin oligomer having a
relatively low weight average molecular weight and a small molecular weight distribution value and a
process for producing the same. MEANS FOR SOLVING THE PROBLEMS [0008] The present
inventors made extengiva-diantEnsivednvestigationsy APalrgselt, ey, hagsed4asid)a production
condition under which the foregoing problems can be solved, leading to accomplishment of the present
inventions. ITea30s, the present invention is concerned with the following a-olefin oligomer and
process for producing an a-olefin oligomer. 1. An a-olefin oligomer comprising 90 mol% or more of an
a-olefin unit having 6 or more carbon atoms and satisfying any one of the following (1) to (3). @) Ina

composition dlsgwwr@ﬁe @m@@ﬂlﬂ&\plmer > trimer > tetramer, a trimer/dimer mass ratio is

equal to or more than a tetramer/trimer mass ratio; (2) In a composition distribution where a mass

ratio is dimer < trigags| €igtaesRsHNeEgime rmMmasiiatiQ Tsegual to or more than a tetramer/trimer
mass ratio; and

[0007]

In view of the foregoing circumstances, the presen t
invention has been made, and an object thereofis t o provide
an a-olefinoligomerwith asmallamountofadimercom ponent
withoutfollowingthe Schulz-Florydistributionand aprocess
forproducingthesame. Furthermore,anobjectof thepresent
invention is to provide an a-olefin oligomer having a
relatively low weight average molecular weight and a small
molecular weight distribution value and a process f or

producing the same.

MEANS FOR SOLVING THE PROBLEMS

[0008]

The present inventors made extensive and intensive
investigations. As a result, they have found a pro duction
condition under which the foregoing problems can be solved,

leading to accomplishment of the present inventions
That is, the present invention is concerned with t he
following a-olefin oligomer and process for producing an

a-olefin oligomer.



(3) In a composition distribution where a mass ratio is dimer < trimer > tetramer, amass of the dimer is not
more than 90 % of a mass of the trimer. 2. An a-olefin oligomer comprising 90 mol% or more of an
a-olefin unit having 6 or more carbon atoms, having a weight average molecular weight (Mw) of not more
than 9,000 and a molecular weight distribution (Mw/Mn) of not more than 2.0, and satisfying the following
(4) and (5). (4) A timer/dimer mass ratio of 1.0 or more; and (5) A dimer/trimer mass ratio is
equal to or less than a trimer/tetramer mass ratio. 3. The a-olefin oligomer as set forth above in 1 or 2,

having a vinylidenagroug-siedinwieehaf dsmp st 9o hivgyoeelamite of af process for producing an
a-olefin oligomer comprising polymerizing an a-olefin having 6 or more carbon atoms in the presence of a
polymerization catigfisuoghaamagqm)eietansiteiomeadsathpound representetyibgahg following formula
() and (3) at least one component selecied from (3-1) a compound capable of reacting with the transition
metal compoun@"gso{ﬁg%g?ﬁ%"&wgrﬁl&? é:f‘)a derivative thereof to form an ionic complex and (3-2) an

aluminoxane. [0009] (1) Inacompositiondistributionwhere amassrat iois
dimer>trimer>tetramer, atrimer/dimer mass rati oisequal
to or more than a tetramer/trimer mass ratio;

(2) Inacompositiondistributionwhereamassrat iois
dimer<trimer<tetramer, atrimer/dimermass rati oisequal
to or more than a tetramer/trimer mass ratio; and

(3) Inacompositiondistributionwhereamassrat iois
dimer<trimer>tetramer,amassofthedimerisn otmorethan
90 % of a mass of the trimer.

2. An  a-olefin oligomer comprising 90 mol% or more of an

a-olefin unit having 6 or more carbon atoms, having aweight
average molecular weight (Mw) of not more than 9,00 0 and a
molecular weight distribution (Mw/Mn) of not more t han 2.0,

and satisfying the following (4) and (5).
(4) A timer/dimer mass ratio of 1.0 or more; and
(5) A dimer/trimer mass ratio is equal to or less than

a trimer/tetramer mass ratio.

3. The a-olefinoligomerassetforthaboveinlor2, havi ng
avinylidenegroupinanumberoffrom0.2to1.0p ermolecule.

4. A process for producing an a-olefin oligomer comprising
polymerizingan a-olefinhaving 6 or more carbonatomsinthe

presence of a polymerization catalyst containing (A ) a



AMXqYr (I) [0010] [The compound represented by the formula (1) is a compound in a meso-symmetric
form; and in the formula (1), M represents a metal element belonging to any one of the Groups 3 to 10 of
the periodic table. X represents a G-bonding ligand, and when plural Xs are present, each X may be the
same as or different from every other X; and Y represents a Lewis base, and when plural Ys are present,
each Y may be the same as or different from every other Y. A represents a cros s linking group selected
from a hydrocarbon group having from 1 to 20 carbon atoms, a halogen-containing hydrocarbon group
having from 1 to2@starioataitanmpoaisiiepresemntzdbinbefobon, a germanium-gogiaining group, a
tin-containing group, -0-, -CO-, -S-, -SO2-, -Se-, -NR1-, -PR1-, -P(0)R1-, -3R1-, and -A1R1-, and two As
are the same a$§ea8H Aett RasepresenMPYERIrogastatb O™ KBlogen atom, a hydkb@arbon group

having from 1 to 20 carbon atoms, or a halpgen-containing hydrocarbon group having from 1 to 20
carbon atoms. &‘?@Bﬂqﬂgegcé}pgg]'f?orﬂ{f?@%“ gﬂd"Y Er E@niéﬂé&%dg%f M) - 2], and r répresents an

integer of from 90%5)%%%%%%%%@ EEW%%%\%W&%Q%QS following formldlﬁoqgnglr (1), and two Es

are the same as eac 001
an ionic complex and (B-2) an aluminoxane.

[0009]

/ E\quvr ()

E
[0010]
[Thecompoundrepresented by the formula(l)isac ompoundin
a meso-symmetric form; and in the formula (1), M re presents
ametal element belonging to any one of the Groups 3to 10 of
theperiodictable. Xrepresentsa o-bondingligand,andwhen
plural Xs are present, each X may be the same as or different
from every other X; and Y represents a Lewis base, and when
plural Ys are present, each Y may be the same as or different
fromeveryotherY. Arepresentsacrosslinkinggr oupselected
from a hydrocarbon group having from 1 to 20 carbon atoms, a
halogen-containing hydrocarbon group having from 1 to 20
carbon atoms, a silicon-containing group, a
germanium-containinggroup,atin-containinggroup, -O-,-CO-,

-S--SO  ,--Se--NR - -PR - -P(O)R *--BR !'-,and-AIR ’-,and
two As are the same as each other. R ! represents a hydrogen

atom, ahalogen atom, ahydrocarbon group having fr om1to20



[In the formulae (II) and (IIl), each R2 independently represents a group selected from a hydrogen atom, a
halogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, a halogen-containing hydrocarbon
group having from 1 to 4 carbon atoms, a silicon-containing group, and a hetero atom-containing group.
When plural R2s are present, each R2 may be the same as or different from every other R2. A bond
having a wave line represents the crosslinking group A.] 5.The process for producing an a-olefin oligomer
as set forth above in 4, wherein the crosslinking group A in the formula (1) is a group represented by the

following formutaarfidha(@ds D& EI)-vohtdiMhghydrocarbong rouphaving
from 1to 20 carbon atoms. gisaninteger of from 1to5and
represents [(valence of M) — 2], and r represents a ninteger
of from O to 3. E represents a group represented b y the
following formula (11) or (Ill), and two Es are the same as
each other.]
[0011]
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[0012]
[In the formulae (II) and (lll), each R 2 independently
represents a group selected from a hydrogen atom, a halogen
atom, a hydrocarbon group having from 1 to 20 carbo n atoms,
a halogen-containing hydrocarbon group having from lto4
carbon atoms, a silicon-containing group, and a het ero
atom-containing group. When plural R %s are present, each R 2
may be the same as or different from every other R 2. Abond
having a wave line represents the crosslinking grou p Al
5. The process for producing an a-olefin oligomer as set
forth above in 4, wherein the crosslinking group A in the
formula (1) is a group represented by the following formula



[0014] [B is a skeleton of the crosslinking group and represents a carbon atom, a silicon atom, a boron
atom, a nitrogen atom, a germanium atom, a phosphorus atom, or an aluminum atom. R3 is a substituent
of B and represents a hydrogen atom, a carbon atom, an oxygen atom, an aliphatic hydrocarbon group,
an aromatic hydrocarbon group, an amine-containing group, or a halogen-containing group. nis 1 or 2.] 6.
The process for producing an U-olefin oligomer as set forth above in 4 or 5, wherein a polymerization
catalyst composed of (C) an organoaluminum component in addition to the component (A) and the
component (B) (pAised. 7. The process for producing an U-olefin oligomer as set forth above in any one
of 4 to 6, wherein a polymerization catalyst obtained by previously bringing the component (A), the
component (B) B9d3n U-olefin having from 3 to 18 carbon atoms into contact with each other is used. 8.
The process for produging an U-olefin oligomer as set forth above in 6, wherein a polymerization catalyst
obtained by previ é.?y l;ﬁin ing the component (A), the component (B), the component (C) and an
U-olefin having rbon e({gr)ns into contact with each other is used. 9. The process for
producing an a-olefin oligontér as set forth above in any one of 4 to 8, wherein the reaction is carried out
at a temperaturgefdjom 0 to 200C. 10. The process for producing an a-olefin oligomer as set forth above
in any one of 4 to 9, wherein the reaction is carried out under a hydrogen pressure in the range of from 0
to 10 MPa(G). [BlisEekelkeioasy foe proskicikigagoradplefid aliggomer as set forth abses$@6, wherein an
organoaluminum compound having a hydrocarbon group having 4 or more carbon atoms bonded thereto

is used as the GFYRRBARTINARIEGMBBIMAE @9yon atom, a nitrog en atom,
agermanium atom, a phosphorus atom, or an aluminum atom. R 3
isasubstituentofBandrepresentsahydrogenato m,acarbon
atom, an oxygen atom, an aliphatic hydrocarbon grou p, an
aromatic hydrocarbon group, an amine-containing gro up, ora

halogen-containing group. nis 1 or 2.]

6. Theprocessforproducingan a-olefinoligomerassetforth
above in 4 or 5, wherein a polymerization catalyst composed
of(C)anorganoaluminumcomponentinadditiontot hecomponent

(A) and the component (B) is used.

7. Theprocessforproducingan a-olefinoligomerassetforth
aboveinanyoneof4to 6, wherein apolymerizatio n catalyst
obtained by previously bringing the component (A), the
component(B)andan a-olefinhavingfrom3to18carbonatoms

into contact with each other is used.

8. Theprocessforproducingan a-olefinoligomerassetforth

above in 6, wherein a polymerization catalyst obtai ned by
previouslybringingthecomponent(A),thecomponen t(B),the
component(C)andan a-olefinhavingfrom3to18carbonatoms



12. The process for producing an a-olefin oligomer as set forth above in any one of 4 to 11, wherein the
a-olefin oligomer is an a-olefin oligomer comprising 90 mol% or more of an a-olefin unit having 6 or more
carbon atoms and satisfying any one of the following (1) to (3). (1) In a composition distribution
where a mass ratio is dimer > trimer > tetramer, a trimer/dimer mass ratio is equal to or more than a
tetramer/trimer mass ratio; (2) In a composition distribution where a mass ratio is dimer < trimer <
tetramer, a trimer/dimer mass ratio is equal to or more than a tetramer/trimer mass ratio; and 3)Ina
composition distribuitotastheitt aaviassnetio isdimer < trimer > tetramer, amass of the dimer is not more
than 90 % of a mass of the trimer. 13. The process for producing an a-olefin oligomer as set forth above
in any one of 4 %o Thepvbesssiotmecaiaiei@aoligomer is arotebivefipwtigmssetiwthprising 90 mol% or more of
an a-olefin unit having 6 or morzpcarbon atoms, E%\:irn a wejght average molecular weight (Mw) of not

more than 9,008%HE 1 ANRNFL Gt UGy RS of not more than 28745 satisfying the

following (4) angUQSrii a mﬁ'e)rpi &ir@%)[/giorpne{) %aﬁ%ratio of 1.0 ogmore; and (5) A dimer/trimer mass
ratio is equal to or esstt?'ua atrimerteiramer mass ratio. EFFECT OF THE INVENTION [0015]

10. The process for producing an a-olefin oligomer as set
forthaboveinanyoneof4to9,whereinthereact ioniscarried
out under a hydrogen pressure in the range of from 0to 10
MPa(G).

11. The process for producing an a-olefin oligomer as set

forth above in 6, wherein an organoaluminum compoun d having
ahydrocarbongrouphaving4ormorecarbonatomsb ondedthereto

is used as the organoaluminum compound (C).

12. The process for producing an a-olefin oligomer as set
forthaboveinanyoneof4toll,whereinthe a-olefinoligomer

is an  a-olefin oligomer comprising 90 mol% or more of an
a-olefinunithaving6ormore carbonatomsandsati sfyingany
one of the following (1) to (3).

(1) Inacompositiondistributionwhereamassrat iois
dimer>trimer>tetramer, atrimer/dimer mass rati oisequal
to or more than a tetramer/trimer mass ratio;

(2) Inacompositiondistributionwhereamassrat iois
dimer <trimer<tetramer, atrimer/dimer mass rati oisequal
to or more than a tetramer/trimer mass ratio; and

(3) Inacompositiondistributionwhere amassrat iois

dimer<trimer>tetramer,amassofthedimerisn otmorethan



According to the present invention, there are provided an a-olefin oligomer with a small amount of a dimer
component without following the Schulz-Flory distribution and a process for producing the same.
Furthermore, according to the present invention, there are provided an a-olefin oligomer having a
relatively low weight average molecular weight and a small molecular weight distribution value and a
process for producing the same. Such an a-olefin oligomer is useful as a wax component or a lubricating
oil component. MODES FOR CARRYING OUT THE INVENTION [0016] [a-Olefin oligomer] The
a-olefin oligomeoofitbé presendinkentioeis an a-olefin oligomer comprising 90 mol% or more of an
a-olefin unit having 6 or more carbon atoms on the basis of the whole of monomer units and having a
small amount ol 3. dihepeessfesrradiciog fatlowing the SeralgfFRiigodistriasitsen. [0017] In the
a-olefin oligomer of the present invention, the a-olefin unit having 6 or more carbon atoms is preferably
100 mol%. ExafApaPeY Sy ARt RIS a-olefin unit hadiryes B8RSR Carbon atoms include
a-olefin units hal.é/igl(_;l not more than 5 carbon atoms.gbos forl%noartprglci)catiqn for lubricating oil, the a-olefin

unit having 6 or more carbon aton O@eﬁrg é?ggﬁ}né]n aoletin havmgr?room ¥'to 14 carbon atoms, and more

preferably an a@@ﬂﬂﬁ%i%ﬁﬁ&h%ﬁ%é?e%ﬁ%@ﬂ M-fﬁﬁﬁ‘ﬁr an application fong@Péﬁgrystalline), the
a-olefin unit having 6 or more carbon atoms is preferably an a-olefin having from 14 to 40 carbon atoms,
and more prefesablpges madéefirahadigltiidin)16f tooB6roeeBbana®Ps. Specific exafples af the a-olefin unit
having 6 or more carbon atoms include 1-hexene, 1-octene, 1-decene, 1-undecene, 1-dodecene,
1-tridecene, 1-tBiPRfatanue B cisiHutiond MuwidRiabReiBO heptadecene, 1-0b@HEne,
1-nonadecene, alﬁgicgtcl:%{e, ]tﬁgt{&%%%nz%}-heﬁf ocene, 1-octacocene, 1-triacontene, and so on. One
kind or two or niore }in reof tan' b 4&ed T the present invention, when such a raw material
monomer is used, an ?49|Rf{M§WM$§§hA§dJ§Pi%%? AyyaxgRmMponent or a lubricating oil component
is obtained. [0018]

(5) A dimer/trimer mass ratio is equal to or less than

a trimer/tetramer mass ratio.

EFFECT OF THE INVENTION

[0015]

According tothe presentinvention, there are prov ided
an a-olefinoligomerwithasmallamountofadimercom ponent
withoutfollowingthe Schulz-Florydistributionand aprocess
forproducingthesame. Furthermore,accordingto thepresent
invention, there are provided an a-olefin oligomer having a
relatively low weight average molecular weight and a small
molecular weight distribution value and a process f or
producing the same. Such an a-olefin oligomer is useful as

a wax component or a lubricating oil component.

MODES FOR CARRYING OUT THE INVENTION

10



As the a-olefin oligomer of the present invention, there can be exemplified the following a-olefin oligomer |
or a-olefin oligomer Il. The a-olefin oligomer I is an a-olefin oligomer comprising 90 mol% or more of
an a-olefin unit having 6 or more carbon atoms and satisfying any one of the following (1) to (3). (1)
In a composition distribution where a mass ratio is dimer > trimer > tetramer, a trimer/dimer mass ratio is
equal to or more than a tetramer/trimer mass ratio; (2) In a composition distribution where a mass
ratio is dimer < trimer < tetramer, a trimer/dimer mass ratio is equal to or more than a tetramer/trimer
mass ratio; and[0016](3) In a composition distribution where a mass ratio is dimer < trimer > tetramer,
amass of the dimer is not more than 90 % of a mass of the trimer. [0019] In the case where the
a-olefin oligomérd-Régfia egapesition distribution where amass ratio is dimer > trimer > tetramer, a
relation that a trimer/dimer mass ratio is equal to or more than a tetramer/trimer mass ratio is satisfied.

The case where the trifsr/dRFTALYPM iof S RIRES B UAPHARISAMer mass ratio is in a state where

a large amount of a gim?r component is pr. uc%i. In such case, even when a puriﬁicfation treatment is
. doletin oligomercom rbﬁ'”r%? mot7s or mare of an o feeloifly )
carried out after the prodtction, a proble at an a-olefin oligomer which is suited Tor a desired

application is nehQltaliRr6 6F AGHOLAAHD PhRAYYBAMENaidegradation to be camsaghdue to a lowering of
productivity or an increase of wastes, is caused. Also, in an a-olefin oligomer having 16 carbon atoms or
more, in the casémvinereeaxlaigarahevingefsaaiaeogotoiecitent is containedeinovigwrafithe fact that the
dimer component becomes a component having 32 carbon atoms or more, such a dimer component is
difficult to be reWBIRE ot DB Wgdr iy Hlistit 8Mistillation and the like and remains in the
product. For thTé{ﬁg on, when a large amount of a dimer component is present, there is caused such a
problem that a lowering of melting point is caused, and the melting point distribution is widened, and

hence, a tacky componﬁ%incr%ggpeq-”fomtop{,fggég%ﬁ{iﬁ%ﬂggm%is preferably not more than 30 %
ved.

by mass because such a problem can beeasily so 020] In the case where the a-olefin

oligomer | has @ @ehp@sifiRaVHSHBHIRRYARIENUDATSISRErdS dimer < trimer <({ghramuey, a relation that a
trimer/dimer mass ratio is equal

mol%. Examples of other monomer unitthan the a-olefin unit
having 6 or more carbon atoms include a-olefin units having

not more than 5 carbon atoms. As for an applicatio n for
lubricatingoil the a-olefinunithavingéormorecarbonatoms

is preferably an a-olefin having from 8 to 14 carbon atoms,
andmorepreferablyan a-olefinhavingfrom8tol2carbonatoms.
Asforanapplicationforwax(crystalline),the a-olefinunit
having6ormore carbonatomsispreferablyan a-olefinhaving
from 14 to 40 carbon atoms, and more preferably an a-olefin
having from 16 to 36 carbon atoms. Specific exampl es of the
a-olefinunithaving 6 ormore carbonatomsinclude 1-hexene,
1-octene, 1-decene, l-undecene, 1-dodecene, 1-tride cene,
1-tetradecene, 1-pentadecene, 1-hexadecene, 1-hepta decene,
1-octadecene, 1-nonadecene, 1l-eicocene, l-tetracoce ne,
1-hexacocene, 1-octacocene, 1-triacontene, and so o n. One

11



to or more than a tetramer/trimer mass ratio is satisfied. When the subject prescription is satisfied, the
a-olefin oligomer of the invention of the present application has a more reduced content of the dimer
component and a small molecular weight distribution value and becomes close to a uniform composition.
As a result, an ix-olefin oligomer which is useful as a wax or lubricating oil component can be obtained
because a product having a desired viscosity region can be obtained, and it does not substantially contain
a performance-decrementing component. [0021] In the case where the a-olefin oligomer | has a
composition distiifaldronovhereakiraksiatepisalimensetrinmer > tetramer, amaise pfabendimer is not more
than 90 % of amass of the trimer. The case where the mass of the dimer is more than 90 % is in a state
where the contémisrifoalvdfehsudiremoatesiamramesteisisedstantially equabto exotetither, and a very
large amount of bhe dimer ¢ rrlj?pl%r%?nt is contained. For that reason, even when iﬁ(gurification treatment is

carried out aftePtq8"BRO(NS R AMNALEARRCBRHES SHlbmer which is sif&RY0Pa desired

application is n%ﬁl%ﬁ?ﬁ%rﬂﬁ@ﬂﬁmgm of environmental degradation to be caused due to a lowering of
productivity or an increase of wastes, is caused. Also, in an a-olefin oligomer having 16 carbon atoms or

more, in the caggoagere a large amount of a dimer component is contained, in view of the fact that the
dimer component becomes a component having 32 carbon atoms or more, such a dimer component is
difficult to be removedAsthaeansaémbperaroftisimb setiisidiaiontad the like and remains in the
product. For that reason, when a large amount of a dimer component is present, there is caused such a
problem that a kRveAAgesEMBlfieg fomfed@uinged, and the riefiglinpeligodistribion is widened, and
hence, a tacky component increases. Each of the cases (1) to (3) is largely influenced by a structure
of the catalyst, g'&é\%’ﬂﬁ%@ﬂ%ﬁﬁ%cies and a polymerization condition. In particular, as described later, in

the transition metal co ungl(ﬁgﬁfl@r S\E)gﬂme‘?”lly }%1%}1‘\/0 crosslinkiragogéﬂ pgl(@&ﬁg?ntical, but the

structures of the two (substituted) cyclopentadienyl groups [or (substituted) indenyl groups] are identical, it
becomes possiblsiprpiiodtitostrreeragralarity at thextionsintigiiasagsyfrastion of the monomer into
the catalyst, and an a-olefin oligomer having a relatively low weight average molecular weight and narrow
molecular weighgthstriaiotionartdsetisid g Aycyes| Histiianom can be produced.(Ald0, as items related
to the characteristic features of the a-olefin oligomer of the invention of the present application, there are
a stereostructuf@of the catalyst and a structure of the raw material monomer. According to these, an

oligomer having a cog&p#g@is%{e%sarﬁﬁégmgﬂ%%mb\ﬁm)ﬂgﬁga%mg%I%ftan even-numbere%%ligomer (in

particular, a dimer) d e content o number oligomer (in particular, a trimer or the
like) increases igpbtaifffe FoktRahER APMSRIfMerm H8 game condition is cogeesgad the larger the
monomer molecule, the more decreased the amount of the produced dimer is, so that the case (3) is
easily revealedtiramntioeechse €l )ethdaoe rénifarasabe raiime monomer is concerned, the case (2) is easily
revealed by controlling the polymerization condition. The contents of the dimer, the trimer and the
tetramer can be, for eXgahHpRCUTROEHRIRALEIRR W L AFBASEIG§raphy (GC). [0024PiS A weight

average molecular weight (Mw) of the a-alefin pligomer | is usually not more than 9,000, preferably from
100 10/9,000, nURESH P RS04 1208 S BESHBLinly preferably ORI 5,000 hen the

weight avefageta‘&'%HJ@&M&?J%(M%M%M%%&D%?Q&P’ the viscosity does not become excessively

high, and the characteristic features as a low molecular weight material are revealed.
(3) Inacompositiondistributionwhereamassrat iois

dimer<trimer>tetramer,amassofthedimerisn otmorethan

90 % of a mass of the trimer.

[0019]

In the case where the a-olefin oligomer | has a
compositiondistributionwhereamassratioisdime r>trimer
>tetramer,arelationthatatrimer/dimermassrat ioisequal
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A molecular weight distribution (Mw/Mn) of the a-olefin oligomer | is usually not more than 2.0, preferably
from 1.0 to 1.5, andmore preferably from 1 . 1 to 1.4. When the molecular weight distribution (Mw/Mn) is
not more than 2.0, the composition distribution becomes narrow, and the content of a compound having
desired properties increases. Incidentally, the weight average molecular weight (Mw) and the
molecular weight distribution (Mw/Mn) can be determined by means of a GPO method. [0023] The
a-olefin oligomer Il is an a-olefin oligomer comprising 90 mol% or more of an a-olefin unit having 6 or
more carbon atwosybating ateveigiravemgeansedoissatweight (Mw) of notisfiece Tran 9,000 and a
molecular weight distribution (Mw/Mn) of not more than 1.5, and satisfying the following (4) and (5).

(4) A timer/dim&RAfa¥ RiotlRe Lronsr/diBre: aips ratigsisAlebméRAimer mass ratio is dtfial to or less than
a trimer/tetramer mass atio.’(jj%02§H ._.A weight ayerage molecular weight (Még of the a-olefin oligomer
Il is preferably ﬁ%tr[ﬁnﬂﬁf{tfw, B° %ﬁ‘g'ﬁpé?e?%ﬁw’%%?g%e@o to 7,000, and espEGaf) P &ferably from 500

to 5,000. Whenotrgd%ﬁég%ﬂy&;ﬁgﬁ EGEL%%@J&N?#%%N\A’%&S&F more than 9,0(_99, mﬁ\gscosity does not

become excessively high, and the characteristic features as a low molecular We|g¥1Vt material are revealed.

A molecular wejgifidigioR véamidhvidbarir gwfesabbtieopiol.0 to 1.5, and more gigfpyiably from 1.1 to 1.5.
When the molecular weight distribution (Mw/Mn) is not more than 1.5, the composition distribution

becomes narrow,problem that an a-olefin oligomer which is suited for a
desired application is not obtained, or a problem o f
environmental degradation to be caused due to a low ering of
productivity or an increase of wastes, is caused. Also, in
an a-olefin oligomer having 16 carbon atoms or more, in the
case where alarge amount of a dimer componentis c ontained,
inviewofthefactthatthedimercomponentbecome sacomponent
having 32 carbon atoms or more, such a dimer compon ent is
difficult to be removed by means of an operation su ch as
distillationandthelikeandremainsintheproduc t. Forthat
reason, when a large amount of a dimer componentis present,
thereiscausedsuchaproblemthataloweringofm eltingpoint
iscaused, andthe melting pointdistributioniswi dened,and
hence, a tacky component increases. A content of t he dimer
componentispreferablynotmorethan30%bymass becausesuch

a problem can be easily solved.

[0020]

In the case where the a-olefin oligomer | has a
compositiondistributionwhereamassratioisdime r<trimer
<tetramer,arelationthatatrimer/dimermassrat ioisequal
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and the content of a compound having desired properties increases. In the case where the
trimer/dimer mass ratio is less than 1.0, there is caused such a problem that as for liquid oligomers, the
VOC components increase, and as for crystalline oligomers, the melting point distribution becomes wide.
From the subject viewpoint, the trimer/dimer mass ratio is more preferably 1.1 or more. The case
where the dimer/trimer mass ratio is more than the trimer/tetramer mass ratio is in a state where a large
amount of a dimer component is produced. In such case, even when a purification treatment is carried out
after the productan, mqoeoiblematstt anddinlaéinrobgemagiovidgeh is suited for a desiséiddapplication is not
obtained, or a problem of environmental degradation to be caused due to a lowering of productivity or an
increase of wastésgiis tbeusebie[0qaBECriptiPhgsCsailefiedolijemer of the present ieéafiion is usually one
having a vinylidene group in.a number gf from 0.2 to 1.0 per molecule, prefer %e having a vinylidene

group in a numBLYYP RGNS 8\E ¥ BRPFRETSENIPRIRR fore preferably one dW¥inylidene group in
a number of ffo@&:&%&;&&%ﬁ?&%ﬁﬂ% &B%E@v%rﬁt |geb?§£"ng. polarity to tq%&(ﬁﬁmgmohgomer, in view

of the fact that the vinylidene group number regoing range, a modification treatment can
be easily carrieg/@ighttagfiebytaahiening andobireteererfsd ke a-alefin oligomer haviggnheen subjected to
the subject modification treatment is especially useful as a wax component. In order to make the
vinylidene groupaomuobigiofallasitesutharforegoing ranglefiacigactiormbniitisefgiuch as temperature,
hydrogen amount and the like may be adjusted. [0026] “As a preferred example of the case of using
the a-olefin oligBRR¥d I IERENH AHGORIRANERISANEE EBIANonent, there is ex@RBAEE%N a-olefin
oligomer which is o%}ainﬁr% usinﬁ?dan.raégl/elgigorsl ving.from 14 to 40 carbon atomsb:;tmdég which a melting

point obtained t%f)f? &qa YWRAIRTHE range o o1 'Wt%aﬁf(l.?&c, and the meltingopc‘;’}'r?t iS’single and has a

half value width,gfinot njore thapd5C. fhe halfygluenagih is pegiggably ngt more than 12C, and more
preferably not more than 10C. So far as an a-olefin oligomer satisfying the subject requirements is
concerned, it hgesbanamie!tpropesiemgpeshipenetare, it is useful as a wax component. In order to obtain
such an a-olefin oligomer, stereocontrol of an oligomer structure due to the catalyst may be applied.

[0027] Thd®léfin oligomer of the present invention is useful chiefly as a wax component and a
lubricating oil component, and in particular, useful as a release agent for toner and an ink component, a
modifier of resin, a pré§sife-sersitivdere the a-olefin oligomer | has a

compositiondistributionwhereamassratioisdime r<trimer

>tetramer,amassofthedimerisnotmorethan90 % ofamass

of the trimer. The case where the mass of the dime ris more

than 90 %isin astate wherethe contents ofall o fthedimer

to the tetramer are substantially equal to each oth er,anda

very large amount of the dimer component is contain ed. For

thatreason,evenwhenapurificationtreatmentis carriedout

aftertheproduction,aproblemthatan a-olefinoligomerwhich

is suited for a desired application is not obtained , ora

problem of environmental degradation to be caused d ue to a

lowering of productivity oranincrease of wastes, iscaused.

Also,inan a-olefinoligomerhaving 16 carbonatomsor more,

in the case where a large amount of a dimer compone nt is
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adhesive component, an adhesive component, a lubricating oil component, an organic-inorganic
composite material, a heat storage material, a modifier of fuel oil such as light oil and the like, a modifier
of asphalt, or a high performance wax. In addition to the above, the U-olefin oligomer of the present
invention is also useful as a component for cosmetics (e.g., lipstick, hair oil, cream, eyebrow pencil, eye
shadow, brilliantine, facial mask, hair shampoo, and hair conditioner), a medical material (e.g., ointment,
suppository, emulsion, surgical bandage, and wet compress), stationery use (such as crayon, pastel
crayon, pencil, aoctaiadahineywefih efgiazmthederdrfiomumod, furniture, leathentisedomedbile, paper,
confectionery, and fibers), a candle, a cream for leather, textile oil, a confectionery material, a model
material, a sculptGRMprRIeAaNaYiBatRErarRMINgPR2RIaMiax Pigefor an insulatifMe4terial, a musical

instrument, a printing material_for a brazing material for tree grafting, a material for producing a casting
mold, wax coatl“rfﬂTfBg?'?ﬁmés, %ﬁ%’ﬂf&éﬁ(ﬁ@%‘?‘é@@%}%@ﬁﬂ%, battik dyeing, 8%%?5%9 agent, a car wax,

a metalworkings%haag aggtlg%' AGERH fRE 5%93[[”&}[{%“@ adhesive, proces%%l er, a heat storage

agent, an agrichemical, a izer, an abrasive agent (for metals and stainless steel), an oily lubricant
(such as greasgx fRlerse @ &iteaRdaageaftibuadsRialMaEsomiixing material ((iharerls and embedding),
and the like. [0028] [Production method of a-olefin oligomer] The a-olefin oligomer of the present
invention can bprpsedudbdrbyuchuget catalyatprobhtaimithgiaadpeeified transition méte obmpound having
meso symmetry, and for example, it can be produced by polymerizing the foregoing a-olefin in the

presence of a pORTEIRAAGS Eatagd: 2BATRMMEIHAY Baifion metal compoundéiftesented by the
following formula (1) and (3) at Jeast one cogmponent selected from (3-1) a compound capable of reacting
{1and (311 least one compenent sel

with the transitioh’ meta compouenn S mor% %rr]ﬁr( 88 Ferivative thereof to form an ionic complex
and (3-2) an aluminoxgnen [90381cad@939] to (3) is largely influenced by
a structure of the catalyst, a raw material species and a
polymerizationcondition. Inparticular,asdescri bedlater,
in the transition metal compound, so far as not onl y the two
crosslinking groups are identical, but the structur esofthe
two (substituted) cyclopentadienyl groups [or (subs tituted)
indenylgroups]areidentical,itbecomespossible tocontrol
the stereoregularity atthe time of aninsertionre action of
themonomerintothecatalyst,andan a-olefinoligomerhaving
a relatively low weight average molecular weight an d narrow

molecular weight distribution value and composition

distribution can be produced. Also, as items relat edtothe
characteristic features of the a-olefin oligomer of the
invention of the present application, there are a

stereostructure of the catalyst and a structure of the raw
material monomer. According to these, an oligomer h aving a

composition distribution in which the content of an
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The compound represented by the formula (1) is a compound in a meso-symmetric form; and in the
formula (1), M represents a metal element belonging to any one of the Groups 3 to 10 of the periodic
table. X represents a G-bonding ligand, and when plural Xs are present, each X may be the same as or
different from every other X; and Y represents a Lewis base, and when plural Ys are present, each Y may
be the same as or different from every other Y. A represents a cros s linking group selected from a
hydrocarbon group having from 1 to 20 carbon atoms, a halogen-containing hydrocarbon group having
from 1 to 20 carhen-atontsradiligomedinisanioglgradpner germanium-containirgagesignda tin-containing
group, -0-, -CO-, -S-, -SO2-, -Se-, -NR1-, -PR1-, -P (0) R1-, -BR1-, and -A1R1-, and two As are the same
as each other. HE¢epteriahas addyavoyat digpmel (patisnlatom, a hydrocarbbatffRip having from 1 to 20
carbon atoms, or h@o en-containin hydrlacarbo (lgroug having from 1 to 20 carbgn atoms. q is an
integer of from 08 KRA PERTRSER B ARG oL B N roF-

and r represents an Tht€gé&f of from 0 to 3. E

represents a gr E%@?éﬂ?@@%mﬂmg 3(:8 .(&\é/mgo{om’@% | l)ngr (1ry, and two E%ﬁ&p‘%rsame as each

other. Incidentally,theforegoingcompoundina meso-symmetric form :means a transition metal compound
in which the twenglessIEnkiae Goyds saas kRt thsprbdd each other in gceddiner (2, 2 ") bonding
mode. [0031] [0032] In the formulae (1) and (Ill), R2 represents a group selected from a hydrogen
atom, a halogersgothatpcheeabheeagiyupvhalgdérdroth 1 to 20 carbon atones;asddlpgen-containing
hydrocarbon group having from 1 to 4 carbon atoms, a silicon-containing group and a hetero

atom-containind\§R 9. fWRENS SANR FORANEFdS ERN AR nay be the sam&a%edrifferent from

every other R2.. A ban havm% %v\gla%?/ Ilré%rq{erg Iesen&s]ea bp%rlggrﬁgntgaetigrossllnkmg group Ah Specific

examples of RZ%r& SAdwn Derd g
condition.

The contents of the dimer, the trimer and the tetr amer
can be, for example, determined by using gas chroma tography
(GO).

[0022]

Aweight average molecular weight (Mw) of the a-olefin
oligomerlisusuallynotmorethan9,000, preferab lyfrom100
to 9,000, more preferably from 300 to 7,000, and es pecially
preferably from 500 to 5,000. When the weight aver age
molecular weight (Mw) is not more than 9,000, the v iscosity
does not become excessively high, and the character istic
features as a low molecular weight material are rev ealed.

Amolecularweightdistribution(Mw/Mn)ofthe a-olefin
oligomer lis usually not more than 2.0, preferably from 1.0
tol.5,andmorepreferablyfroml.1tol.4. When themolecular
weight distribution (Mw/Mn) is not more than 2.0, t he
composition distribution becomes narrow, and the co ntent of
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[0033] Examples of the halogen atom include a chlorine atom, a fluorine atom, a bromine atom, and
an iodine atom. Examples of the hydrocarbon group having from 1 to 20 carbon atoms include an
alkyl group such as a methyl group, an ethyl group, a propyl group, a butyl group, a hexyl group, a
cyclohexyl group, an octyl group, and the like; an alkenyl group such as a vinyl group, a propenyl group, a
cyclohexenyl group, and the like; an arylalkyl group such as a benzyl group, a phenylethyl group, a
phenylpropyl group, and the like; an aryl group such as a phenyl group, a tolyl group, a dimethylphenyl
group, a trimethy tmepyligdcwgyieo debiyéehernylegties magasgyiphenyl group, a biphenyl group, a naphthyl
group, a methylnaphthyl group, an anthracenyl group, a phenanthnyl group, and the like; and so on.

Specific examples of tHiCHaRIgEnbeaialHgefaestamRm groEiPhaving from 1 to 4 dMBn atoms include
a chloromethyl group, a bromomethyl grqup, & bromoethyl group, a p-flyorophenyl group, a
p-fluorophenyl %yfrb%ﬂﬂ)(?mgcg] fdiﬂ(?bq%bh@ﬁgﬂ%%%, mmgrih&#apﬁenyl group,a °©

3,4,5-trifluorop I p, a 3,5-bis(trifluoromethyl)phenyl group, and so on.
[0034] Exa%?i@@éﬁgimggﬁgﬁ%ﬁ?g I>él,‘rigiﬁj%ul'nclude a
monohydrocarljgpzgybstitutedsilylgroupsuchasamethylsilyl group, a phenylsilyl group, and the like; a
dihydrocarbon-substitutedsilylgroupsuchasadimethylsilyl group, a diphenylsilyl group, and the like; a
trinydrocarbon-substit(ties siki2Zoggiupotigomes # tigmathylsilyl groupgaaotefdthylgyhgnoup, a tripropylsilyl
group, a dimethyl(t-butyl)silyl group, a tricyclohexylsilyl group, a triphenylsilyl group, a dimethylphenylsilyl
group, a methyRAPHEISNSRA HUPr Bneiest{asilyl group caalgfiapRthaALing @pouprend the like; a
hydrocarbon-substituted sill?' ether grou |%Jch as a trigﬂeémgrsu\%iether group an%gﬂﬁllike; a

silicon-substituted a?l?y? SFBE*phgl\J”c as a m%\’ﬁﬁ&ﬁl%eﬁwl group and the like; &'si 'cé’\r"?-substituted aryl

group such as Q,ﬁr,i,g}q%f@%}hg@d(%%paqﬂg@gg|g|<§\;e?gq:\ilr‘r&¢§{pylhydrosilyl group, igpethyldinydrosilyl
group; and so on. Examples of the hetero atom-containing group include an
(Mw/Mn)ofnotmorethan1.5,andsatisfyingthefo llowing(4)
and (5).
(4) A timer/dimer mass ratio of 1.0 or more; and

(5) A dimer/trimer mass ratio is equal to or less than

a trimer/tetramer mass ratio.

[0024]

Aweight average molecular weight (Mw) of the a-olefin
oligomer Il is preferably from 100 to 9,000, more p referably
from300to7,000,andespeciallypreferablyfrom5 00t05,000.
Whentheweightaveragemolecularweight(Mw)isno tmorethan
9,000,theviscositydoesnotbecomeexcessivelyhi gh,andthe
characteristicfeaturesasalowmolecularweightm aterialare
revealed. A molecular weight distribution (Mw/Mn) IS
preferably from 1.0 to 1.5, and more preferably fro m1.1to
1.5. When the molecular weight distribution (Mw/Mn ) is not
more than 1.5, the composition distribution becomes narrow,
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alkylamide group such as a dimethylamide group, a diethylamide group, a dipropylamide group, a
dibutylamide group, a dicyclohexylamide group, a methylethylamide group, and the like; an alkenylamide
group such as a divinylamide group, a dipropenylamide group, a dicyclohexenylamide group, and the like;
an arylalkylamide group such as a dibenzylamide group, a phenylethylamide group, a phenylpropylamide
group, and the like; an arylamide group such as a diphenylamide group, a dinaphthylamide group, and
the like; an alkoxy group such as a methoxy group, an ethoxy group, a propoxy group, a butoxy group, a
phenylmethoxyareupeagohemilethe@xy grpaunant dhiedikes sirearplapeigroup having froes 6 to 20 carbon
atoms such as a phenoxy group, a methylphenoxy group, a dimethylphenoxy group, and the like; a
phosphide group&g8eress a dimethyl phosphide group, a methylphenyl phosphide group, a diphenyl

hosphid ,adi hexyl ph id , adib | phosphid , and the like; Ikyl
CUifde aroup such as HIBOFEHEEIRS Ao BT LARATGHBLR 2 propy! sulfide arbSh, a buiy sufice
group, a hexyl ?Hg}pf.@,rﬂé???s%%ygggéﬁkﬁ%fgig@5?#91a?%§ﬁ}yl sulfide group, an \m}e like; an alkenyl

sulfide group such as a vinyl sulfide group, a propenyl sulfide group, a cyclohexenyl sulfide group, and the
like; an arylalkybrybiisle S tRepcoebrason &eBsmdreddidar@rsies a phenylethyl syiidaigeoup, a phenylpropyl
sulfide group, and the like; an aryl sulfide group such as a phenyl sulfide group, a tolyl sulfide group, a
dimethylphenyl digfide gthgnealtngeenibsiciytisolfideogresyy, an ethylphenyl sidfideamoup, a
propylphenyl sulfide group, a biphenyl sulfide group, a naphthyl sulfide group, a methylnaphthyl sulfide
group, an anthrdlePRPISGHEBWRBI, tﬁ%%ﬂ%ﬁgﬂ”mﬂéﬂﬁfﬁé%up, and the like; a §iff&¥&/1 boryl group; a
diphenyl boryl groyp; a dimethyl arsenyl group; and so on. [0035] The crosslinking groupA in the
formula (1) is p?gfgtﬁgﬁ%hé%?:fo%%r?gﬁeresented by the following formula (V). [0036] ( R3 R3) VV (IV)

The casewherethe dimer/trimermassratioismore than
the trimer/tetramer mass ratio is in a state where a large
amount of a dimer componentis produced. Insuchc ase, even
when a purification treatment is carried out after the
production,aproblemthatan a-olefinoligomerwhichissuited
for a desired application is not obtained, or a pro blem of
environmental degradation to be caused due to a low ering of

productivity or an increase of wastes, is caused.

[0025]

The a-olefinoligomerofthepresentinventionisusuall y
one having a vinylidene group in a number of from O 2101.0
per molecule, preferably one having a vinylidene gr oupina
number of from 0.3 to 1.0 per molecule, and more pr eferably
one having a vinylidene group in a number of from O S51t01.0
per molecule. In the case of imparting polarity to the
a-olefinoligomer inviewofthefactthattheviny lidenegroup
number falls within the foregoing range, a modifica tion

18



[0037] B is a skeleton of the crosslinking group and represents a carbon atom, a silicon atom, a
boron atom, a nitrogen atom, a germanium atom, a phosphorus atom, or an aluminum atom. R3
represents a group selected from a hydrogen atom, a halogen atom, a hydrocarbon group having from 1
to 20 carbon atoms, a halogen-containing hydrocarbon group having from 1 to 4 carbon atoms, a
silicon-containing group, a hetero atom-containing group, and an amine-containing group. nis 1 or 2.
Specific examples of R3 are shown below. [0038] Examples of the halogen atom include a chlorine atom,
a fluorine atom tr@ ditroanin eadt e, ezsidyacaiodit @ atotmereby Bxaimples of the hydrocardpaem group having
from 1 to 20 carbon atoms include an alkyl group such as a methyl group, an ethyl group, a propyl group,
a butyl group, aohisgtigrgs, Aleyclohexybegptaiin,cio@og)ihgnoop baad shbjéikedan alkenyl group such as a

vinyl group, a propenyl group, a cyclohexenyl group, and the like; an arylalkyl grouyp such as a benzyl
group, a phenyfgt&ﬁ%ﬁﬁﬁtﬁo&g@fﬂmﬁﬁ Ftaﬁl?,egﬂﬁ Yike; an aryl group s%&#‘ﬂ@sa phenyl group, a
tolyl group, a di e QXB}H Pféﬂfo @ew églm %‘WI rQHHI an ethylphenyl ﬂﬂﬂzrﬂ ropylphenyl group,
a biphenyl grouig;, é nap tﬁyl grbm:%ra mggﬁy&ap%th group, an anthracenyl Ig):oup, a phenanthnyl group,

and the like; angys@ifin the forR{SHE SGENRIEaAIINERaIageNn-containing hydrggarkamgroup having from
1 to 4 carbon atoms include a chloromethyl group, a bromomethyl group, a bromoethyl group, a
p-fluorophenyl tgoueratp-lunrdigenydmethy ayrddipe 8k8, 5adifloeraphenyl group, fupeatachlorophenyl
group, a 3,4,5-trifluorophenyl group, a pentafluorophenyl group, a 3,5-bis(trifluoromethyl)phenyl group,
and so on. [OO:iQPZG] Examples of the silicon-containing group include a monohydrocarbon-substituted

silyl group such as a meth Is?glrg(rjoe%,map%ho?t IS|Ier%rch)lg%gegﬂg the like; a dlhyd&o_g?erﬁr%)n-substltuted silyl

group such as a dimeth§Ri{f ecas
oligomer of the present invention as a wax componen t, there
is exemplified an a-olefin oligomer which is obtained using
an a-olefin having from 14 to 40 carbon atoms and in wh icha
melting point obtained by DSC falls within the rang e of from
0to100 °C,andthemeltingpointissingleandhasahalfv alue
widthofnotmorethanl15 °C. Thehalfvaluewidthispreferably
not more than 12 °C, and more preferably not more than 10 °C.
So far as an a-olefin oligomer satisfying the subject
requirementsis concerned, it has sharp meltproper ties, and
therefore,itisusefulasawaxcomponent. Inord ertoobtain

such an  a-olefin oligomer, stereocontrol of an oligomer

structure due to the catalyst may be applied.
[0027]

The a-olefinoligomerofthepresentinventionisuseful

chiefly as a wax component and a lubricating oil co mponent,
and in particular, usefulas arelease agentforto nerandan
ink component, a modifier of resin, a pressure-sens itive
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group,adiphenylsilylgroup,andthelike;a trihydrocarbon-substituted sill?' group such as a trimethylsilyl
group, a triethylsilyl group, a tripropylsilyl group, a dimethyl(t-butyl)silyl group, a tricyclohexylsilyl group, a
triphenylsilyl group, a dimethylphenylsilyl group, a methyldiphenylsilyl group, a tritolylsilyl group, a
trinaphthylsilyl group, and the like; a hydrocarbon-substituted sill?' ether group such as a trimethylsilyl
ether group and the like; a silicon-substituted alkyl group such as a trimethylsilylmethyl group and the like;
a silicon-substituted aryl group such as a trimethylsilylphenyl group and the like; a dimethylhydrosilyl
group; a methyhlihgdivsdyhgrougmtomaagihesive contpamaplgsiafribe hetero atomatingtiining group include
an alkylamide group such as a dimethylamide group, a diethylamide group, a dipropylamide group, a
dibutylamide gré®ippanfieycieHeRARIGTIHE g ARIH CamRetiiddtaieiiaide group, and thehiat an alkenylamide
group such as a divinylamide group, a dipropenylamide group, a dicyclohexenylamide group, and the like;
an arylalkylami&éobq’gég@t%ﬁg% g&i‘ﬁ@ﬁ&&%&“ﬁ?&? ,a phenylethylamide%%@yﬁ,n phenylpropylamide
group, and the l[irll(@ii@ gr%l igpcgr%gq}?“c& %F%HE’&‘? }%‘mide group, a dinapmgmwde group, and
the like; an alkoxy group such as a methoxy group, an ethoxy group, a propoxy group, a butoxy group, a
phenylmethoxy | gepidich RIBBXISIAOXHIroup, and t&f‘ol&mg@rﬁé%m@&@eé?ﬁving from 6 to 20 carbon
atoms such as a phenoxy group, a methylphenoxy group, a dimethylphenoxy group, and the like; a
phosphide group\sintiomis alsirmedfiyl ashrosphidengrs g, casmettylphenyl phosphic(e@up, a diphenyl
phosphide group, a dicyclohexyl phosphide group, a dibenzyl phosphide group, and the like; an alkyl
sulfide group stPREL a PRELIRI s GFEE gr8YRO e RRALLITRYE gfBAaF, a propy! sulfide grdlip, a butyl sulfide
group, a hexyl %l#lﬁilgﬁt%ré)yapciia n%CLOP%r% gr%ig& z%rgHﬁrcan octyl sulfide grouiﬁi drf'tpodnfteg)ﬁ Ii_ke; an alkenyl
sulfide group such as a vinyl sulfide’ group, a'propenyl salfide group, a cyclohexenyl'sulfide group, and the
like; an arylalkyl SHEIHEOFRMR $M a3 %iﬁﬁﬂém,%ﬂﬁﬁﬁsﬂfﬁ?y,peﬁ phenylethyl sulfid@%ﬂyp, a phenylpropyl
sulfide group, and the like; an aryl suifide group such as a phenyl sulfide group, a tolyl sulfide group, a
dimethylphenyl sitjidel peodaga, imaetbybonaingss)§reigionusan ethylphenyl sulfigengroup, a
propylphenyl sulfide group, a biphenyl sulfide group, a naphthyl sulfide group, a methylnaphthyl sulfide
group, an anthrei@yeyl, Sasiebciryop, REphbranstikaSUMRREGrGuUp, and the like; a@#aBty! boryl group; a
diphenyl boryl group; a dimethyl arsenyl group; and so on. [0040] As the amine to be contained in the

amine-containiy §rbUfP tHEpeYs &Wﬁie@%{h%{mﬂg%\? 68/ 1 to 20 carbon atBfis. Specific
examples there&;A%&Hgﬁeﬂ}%{ﬂm%ﬁﬁy&r&dﬁdI%Y%%l?g %rl]ipe,methylethylamingaqli{glethylamine,
) icyclo

diethylamine, dipropyamine, dibutylamine, exylamine, methylethylamine, triméthylamine,
triethylamine, trigtipiiamnismrastibHapyikrialieny inadeemauch as vinylamine, pighegylamine,
cyclohexenylamine, divinylamine, dipropenylamine, dicyclohexenylamine, and the like; arylalkylamines
such as phenylsweibyleaemmee phie ayéetindaininkingheatdpabpylamine, and the likepapdpenines such as
diphenylamine, dinaphthylamine, and the like; ammonia; aniline; N-methylaniline; diphenylamine;
N,N-dimethylarifF@PAStYIIS AERO TR MESi AR ISTIBRNNS-N, N-dimethylanilinBFigigso on.

materialforabrazing materialfortree grafting, amaterial
forproducingacasting mold, wax coating for fruit S,various
kinds of grease, a skiwax, battik dyeing, a polish ingagent,
acarwax,ametalworkingoil,ananti-agingagent forrubber,

a tire, an adhesive, processed paper, a heat storag e agent,
an agrichemical, afertilizer, an abrasive agent (f or metals
and stainless steel), an oily lubricant (such as gr ease, a
release agent, and a paint), a dental wax, a fixing material

(for a lens and embedding), and the like.
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[0041] As specific examples of the transition metal compound represented by the formula (1), there
can be exemplified (1,1'-ethylene)(2,2'-ethylene)-bis(indenyl)zirconium dichloride,
(1,1'-methylene)(2,2'-methylene)-bis(indenyl)zirconium dichloride,
(1,1'-isopropylidene)(2,2'-isopropylidene)-bis(indenyl)zir coniumdichloride,
(1,1'-ethylene)(2,2'-ethylene)-bis(3-methylindenyl)zirconi UMdichloride,
(1,1'-ethylene)(2,2'-ethylene)-bis(4,5-benzoindenyl)zircon iumdichloride,
(1,1'-ethylene)(B@28thylene)-bis(4-isopropylindenyl)zirc onium dichloride,
(1,1'-ethylene)(2,2'-ethylene)-bis(5,6-dimethylindenyl)zir conium dichloride,
(1,1'-ethylene)(fProcuhiiteneeBio(or -diisopropydiitlehgdmédonium dichloride,
(1,1'-ethylene)(2,2'-ethylene)-bis(4-phenylindenyl)zirconi UM dichloride,
(1,1-ethylene)(2,2"-ethl e§‘-‘8ﬂ§§§‘-ﬁ|&‘ﬂ’\ﬂ@ﬂ-‘?§8ﬁ8®ﬁﬂ'&f ENARRSAD R dichloride,

e AR e 00

metal compound having meso symmetry, and for exampl e,itcan
be produced by polymerizing the foregoing a-olefin in the
presence of a polymerization catalyst containing (A ) a
transitionmetalcompoundrepresentedbythefollow ingformula
() and (B) at least one component selected from (B -1) a
compound capable of reacting with the transition me tal
compound asthe component (A) oraderivative there oftoform

an ionic complex and (B-2) an aluminoxane.

[0029]

— N
s

MXq Y, 0

[0030]

Thecompoundrepresentedbytheformula(l)isac ompound
inameso-symmetricform;andintheformula(l),M represents
ametal element belonging to any one of the Groups 3to 10 of
theperiodictable. Xrepresentsa o-bondingligand,andwhen
plural Xs are present, each X may be the same as or different
from every other X; and Y represents a Lewis base, and when
plural Ys are present, each Y may be the same as or different
fromeveryotherY. Arepresentsacrosslinkinggr oupselected
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(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3-methyl indenyl)zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3-n-buty lindenyl)zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3-isopro pylindenyl)zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3-trimet hylsilylmethylindenyl)zirconiumdichloride,
(1,2'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3-phenyl indenyl)zirconiumdichloride,

from a hydrocarbon group having from 1 to 20 carbon atoms, a
halogen-containing hydrocarbon group having from 1 to 20
carbon atoms, a silicon-containing group, a
germanium-containinggroup,atin-containinggroup, -O-,-CO-,

-$--SO  ,--Se--NR - -PR - -P(O)R *--BR !'-,and-AIR ’-,and

two As are the same as each other. R ! represents a hydrogen
atom, ahalogenatom, ahydrocarbon group having fr om1to20
carbonatoms,orahalogen-containinghydrocarbong rouphaving
from 1to 20 carbonatoms. gisaninteger of from 1to5and
represents [(valence of M) — 2], and r represents a ninteger
of from O to 3. E represents a group represented b y the
following formula (11) or (Ill), and two Es are the same as
each other.

Incidentally, the foregoing compound in a
meso-symmetricformmeansatransitionmetalcompou ndinwhich
thetwocrosslinkinggroupscrosslinkthetwoEswi theachother
ina (1,1)(2,2") bonding mode.

[0031]

Q)

Lo

3

()

¥ (jj;L

[0032]
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(1,2'-dimethylsilylene) (2,2'-dimethylsilylene)bis(4,5-benz oindenyl)zirconium dichloride,
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene)bis(4-isopro pylindenyl)zirconium dichloride,
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene)bis(5,6-dime thylindenyl)zirconium dichloride,
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene)bis(4,7-diis opropylindenyl)zirconium dichloride,
(1,2'-dimethylsilylene) (2,2'-dimethylsilylene)bis(4-phenyl indenyl)zirconium dichloride,
(1,2'-dimethylsilylene) (2,2'-dimethylsilylene)bis(3-methyl -4-isopropylindenyl)zirconium dichloride,
(1,1'-dimethylsilylene) I{2iBe dimmetitgdsilylend)big(56-benz oindenylyzipteséunrs dighdapide, and the like, and
compounds obtained by substituting zirconium in the foregoing compounds with titanium or hafnium. As a
matter of courséeieciegitamatyaresestalen haatpgenatamichinetal compoundi9ted thereto. [0043]
The a-olefin oligomer of theEPresent invention can be ;E}r%ciduced by using the foregoing transition metal in

a meso-symme i‘&%nﬁ‘."ﬂ% & _iﬁbol%ot%%%%ﬁ fMdlifids in a racemicfBAiR, Which have hitherto
been frequentlyh¥a?&dFB/3ﬁs Og’lg@ﬂt@q’mﬁdﬁgﬁ‘ an qggqlmlgg{%%wp Gt under a mild con&lltlon; however,
compound In

by using a transition meta meso-symmetric form, it has become possible to easily
synthesize an dligesRaso AR HRIiRR Retab s@sRPeYREmin a meso-symmeigg feum, in particular, by
using a double-crosslinking type ligand, an a-olefin oligomer having a low content of dimer and having a
composition clodéen plurdfdRm caonapesitiesectiredehsiably syhitheyibedhvetbanighesativity even under a
production condition of an ultra-low molecular weighf material. In particular, in view of the fact that not
only the two crs3ERAKIGS TR GYEM BHeetrdhsition metal RIPRPBUIRY AR 3dWANBdINBuL the structures of the
two groups represented by E in '31 f?ﬁegoing Tormula ﬁguarep\idegtical, it becomes posfsible to control the

stereoregularityr%'?rt%seeﬂ}rsweao ANindertion Teac i(l)('r? Brihe fdhortEt into the catalyst,C A5d an a-olefin

oligomer havingagapﬁﬁggq}yéow ngighhaxerggpwolecular weight and narrow molecular weight
distribution value and composition distribution can be produced. [0044] As the component (3-1) of the
component (3),[aog3jompound can be used so far as it is a compound capable of reacting with the
transition metal compound of the component (A) to form an ionic complex. However, those represented
by the following gener&mnpigiief (0 Aatpgen aamibeciidedlghieéte 81LI-R4] k) a [ Z J(9N.[L2] (VI) (Here,
L2 is M2, R5R6M3, R730, or [In the formulae (V) and (VI), L1 represents a Lewis base. [Z] - represents a
non-coordinatir® ARG A9 b AP NGRS #2938 HESRCTH anion in which plural groups are bonded

to an element, namely, = =(5f], - i lement belonging tp any one of the
Groups 5 to 15 of the ggr%ﬁtectéa fléf?%n%%ﬁagd@}g%ﬁg@?}%{#ﬁ Fage]:ﬁ%oﬁng{r?g to any one of the Groups 13 to
15 of the periodigAsdteitbrsitm &l @aah saRIRFBOSsadYEEQDRRMPM, a halogen algigy@n alkyl group
having from 1 to 20 carbon atoms, a dialkylamino group having from 2 to 40 carbon atoms, an alkoxy
group having frameihio 20w doano@tigrsy @ma bugyigroup, hdndng from 6 to 20 caxpl@naatoms, an aryloxy
group having from 6 to 20 carbon atoms, an alkylaryl group having from 7 to 40 carbon atoms, an
arylalkyl group B&YHENPS¥hIraBr4ertasht aratih NGtk k§ed-substituted hydrofets8AXiroup having from 1

to 20 carbon atoms, an ac Io>§( %oug having from 1 to 20 carbon atoms, an orlﬁﬁnome alloid group, or a
netero atom-collaHIRY VAR BURI SRR IRGTRY FBHP 24620 carbon atoms IS Miore of G1 to Gf

may form a fi”?gr_BUB,Bﬁ%mSﬁﬁ&%%R/iHmsFo%fp[sMSQ&G of central metal '\’Qr?zg@]ﬁma”d [Z22] -

represents a conjugate base of'a Broensted acid alone, or a combination of a Broensted acid and a Lewis
acid, having a lagaithyre pfyagietiprag«ryiisragid glisspciataneconstant (pKa) of pet aere than -10, or a
conjugate

aryl group such as a phenyl group, a tolyl group, a

dimethylphenylgroup,atrimethylphenylgroup,ane thylphenyl
group,apropylphenylgroup,abiphenylgroup,ana phthylgroup,
a methylnaphthyl group, an anthracenyl group, a phe nanthnyl

group, and the like; and so on.

Specificexamplesofthehalogen-containinghydroc arbon
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base of an acid which is in general defined as a superstrong acid, or [Z2] maybe coordinated with a Lewis
base. Also, R4 represents a hydrogen atom, an alkyl group having from 1 to 20 carbon atoms, an aryl
group having from 6 to 20 carbon atoms, an alkylaryl group, or an arylalkyl group; each of R5 and R6
represents a cyclopentadienyl group, a substituted cyclopentadienyl group, an indenyl group, or a
fluorenyl group; R7 represents an alkyl group having from 1 to 20 carbon atoms, an aryl group, an
alkylaryl group, or an arylalkyl group; and R8 represents a macrocyclic ligand such as tetraphenyl
porphyrin, phthglocydranegdruhthedikeakmnandos veledea oh[L1-R4] or [L2] ancbregiigdents an integer of
from 1 to 3; a represents an integer of 1 or more; and b is equal to (k )< a). M2 is one containing an
element belong#igUe arfy oP@BPOMEBloupEYRo 3 1PteMSeANd 186tthe Feriodic table; and M3

represents an eIeI ent elorlg];ing to ant%eonelof the Groups 7 Lo 12 of the periodic table.] [0045] Here,
as specific examMpi BRI thePEPHRN 1 XEHPRROEIMFLYSu8FPHE-ammonia, methylafhine, aniline,

dimethylamine, diethylamj m nijjne, di ]
N,N-dimethylanﬁf%%ﬁﬁ%%inﬁﬁ&?ﬁy#arﬁﬁ%@?rﬁ@%@%inge{,o #Pethyldiphenylaminéa, pyridine,
p-bromo-N,N-dignethydantiepneryitrgrol -dipetiiadisppeand dhe like; phosphineggpch as triethyl
phosphine, triphenyl phosphine, diphenyl phosphine, and the like; thioethers such as tetrahydrothiophene
and the like; esteistssithflasrethglhdimreay arwliphatitksoritriles such as acetonitrile, benzonitrile, and the
like; and so on. As specific examples of R4, there can be exemplified hydrogen, a methyl group, an
ethyl group, a Hgﬁgﬂ group, a trityl group, and so on; and as specific examples of R5 and R6, there can
be exemplified a cycloggnta ien Ifgtrk(])u%”a methg cyclo entadien¥1lj%(é)ue{3, an ethylcyclopentadienyl

group, a pentamethylcyc?orB%r?tsa mny?gro'ﬁ%r,]'él:r? lgomg . R@%’%Be‘& IC examples of R7, there can be

exemplified a PRI QYR AL SR S AgTRIRUeRIERY! group, and sqgRgpf as specific

examples of R8, there can be exemplified tetraphenyl porphyrin, phthalocyanine; allyl, methallyl, and so
on. Also, as spegdipexampleprdnyizilyhereyesupbe exaumplified Lijing, K,2Ag, Cu, Br, I, 13, and so on; and
as specific examples of M3, there can be exemplified Mn, Fe, Co, Ni, Zn, and so on. Also, in [Z1]-, namely
[M1G1G2---Gf] dépsisirahemaplestisftrshduraesuphasadmAs, Sb, and so oAtwIgHB or Al being
preferable. Also, specific examples of G1 and G2 to Gf include a dialkylamino group such as a

dimethylamino gF8Up, a GiettIEIRMEbupd 48 thed&; al'&ikoFgrodb or an aryloxy group such as a

methoxy group, 8%8&%859 Sﬁm{gguto Y pro ngphea%,y group, %nd the like; a hydrocarbon group
such as a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an

isobutyl group, gintAGEILBEROIRL attBHRIEISY @R Rirf Phenyl group, a p-tolyl giguana benzyl group, a
4-t-butylphenyl group, a 3,5-dimethylphenyl group, and the like; a halogen atom such as fluorine, chlorine,

bromine, and ioglioep ,a ldeterihd (b ngtystiyig gy pyaltocgriobe group such as a p-fladsidydhenyl group, a
3,5-difluorophenyl group, a pentachlorophenyl group, a 3,4,5-trifluorophenyl group, a pentafluorophenyl
group, a 3,5-bi_§(fﬂﬁ90?dﬂﬁ%l‘?f‘y¥)§iﬁéﬁww%ﬁ ,"B%Mf?hﬁ@ﬂ'ﬁ}héilyl)m_ethyl group, AraHe: like; and an
S:gig??etallm% grr%g ﬁﬂ?p gﬁy Sﬁﬁntg@gﬁhylaamyr%?ﬂgi@/Yo%% l?p'fl‘lmethy|SI|y| group, a trgnethylgermyl
trinaphthylsilyl group, and the like; a
hydrocarbon-substituted silyl ether group such as a
trimethylsilylethergroupandthelike;asilicon- substituted
alkylgroupsuchasatrimethylsilylmethylgroupan dthelike;
a silicon-substituted aryl group such as a
trimethylsilylphenylgroupandthelike;adimethyl hydrosilyl

group; a methyldihydrosilyl group; and so on.

Examplesoftheheteroatom-containinggroupinclu dean
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diphenylarsinegroup,a dicyclohexylantimony group, diphenylboron group, and the like. [0046] As
specific examples of the non-coordinating anion, namely the conjugate base [Z2] of a Broensted acid
alone, or a combination of a Broensted acid and a Lewis acid, having a pKa of not more than -10, there
can be exemplified a trifluoromethanesulfonic acid anion (OF3S03) a
bis(trifluoromethanesulfonyl)methylanion,a bis(trifluoromethanesulfonyl)benzylanion,a
bis(trifluoromethanesulfonyl)amide anion, a perchloric acid anion (0104)-, a trifluoroacetic acid anion
(OF3002)-, a hexlaflizonuretioupsy crzead{Hlelo)amidiegmgyldnic acid anion idt$@B)idea chlorosulfonic
acid anion (01S03)-, a fluorosulfonic acid anion/5-fluoroanitimony (FS03/SbF5)-, a fluorosulfonic acid

anion/5-fluoroafSeHRs (RSAFWBFRYMide group, a dibutylamide group, a
dicyclohexylamide group, a methylethylamide group, and the
like; an alkenylamide group such as a divinylamide group, a
dipropenylamide group, a dicyclohexenylamide group, and the
like; an arylalkylamide group such as a dibenzylami de group,
aphenylethylamide group, a phenylpropylamide group ,andthe
like; an arylamide group such as a diphenylamide gr oup, a
dinaphthylamide group, and the like; an alkoxy grou psuchas
a methoxy group, an ethoxy group, a propoxy group, a butoxy
group, a phenylmethoxy group, a phenylethoxy group, and the
like; an aryloxy group having from 6 to 20 carbon a toms such
as a phenoxy group, a methylphenoxy group, adimeth ylphenoxy
group, and the like; a phosphide group such as a di methyl
phosphide group, a methylphenyl phosphide group, a diphenyl
phosphide group, a dicyclohexyl phosphide group, a dibenzyl
phosphide group, andthe like; an alkyl sulfide gro upsuchas
amethylsulfidegroup,anethylsulfidegroup,ap ropylsulfide
group, a butyl sulfide group, a hexyl sulfide group , a
cyclohexylsulfidegroup,anoctylsulfidegroup,a ndthelike;
an alkenyl sulfide group such as a vinyl sulfide gr oup, a
propenylsulfidegroup,acyclohexenylsulfidegrou p,andthe
like;anarylalkylsulfidegroupsuchasabenzyls ulfidegroup,
aphenylethylsulfidegroup,aphenylpropylsulfide group,and
thelike;anarylsulfidegroupsuchasaphenylsu Ifidegroup,
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triluoromethanesulfonicacidanion/5-fluoroantimony (OF3S03/SbF5) , and so on. [0047] As specific
examples of the ionic compound capable of reacting with the transition metal compound as the
component (A) to form an ionic complex, namely the compound of the component (3-1), there can be
exemplified triethylammonium tetraphenylborate, tri-n-butylammonium tetraphenylborate,
trimethylammonium tetraphenylborate,tetraethylammonium

tetraphenylborate, methyl(tri-n-butyl)ammonium tetraphenylborate,benzyl(tri-n-butyl)ammonium
tetraphenylboradetoliyhstitfitidi pirenylaa diowithyl geenayd neuifitizo cate, triphenyl(methyl)aopmanium
tetraphenylborate, trimethylanilinium tetraphenylborate,

methylpyridiniufifegayiaeystate eaieoxa@iieiniriaeytapiienylborate, methyl (&g dpyridinium)

a propylphenyl sulfide group, a biphenyl sulfide gr oup, a
naphthyl sulfide group, a methylnaphthyl sulfide gr oup, an
anthracenyl sulfide group, a phenanthnyl sulfide gr oup, and
the like; a dimethyl boryl group; a diphenyl boryl group; a

dimethyl arsenyl group; and so on.
[0035]
ThecrosslinkinggroupAintheformula(l)ispre ferably

a group represented by the following formula (V).

[0036]
Rf /R3 \
B (V)
n
[0037]

Bisaskeletonofthecrosslinkinggroupandrepr esents
acarbonatom, asilicon atom, aboron atom, a nitr ogenatom,
agermanium atom, a phosphorus atom, or an aluminum atom. R 3
represents a group selected from a hydrogen atom, a halogen
atom, a hydrocarbon group having from 1 to 20 carbo n atoms,
a halogen-containing hydrocarbon group having from lto 4

carbon atoms, a silicon-containing group, a hetero
atom-containing group, and an amine-containing grou p. nis
1 or 2. Specific examples of R 3 are shown below.

[0038]

Examples of the halogen atom include a chlorine at om,
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tetraphenylborate,triethylammonium tetrakis(pentafluorophenyl)borate,tri-n-butylammonium
tetrakis(pentafluorophenyl)borate,triphenylammonium
tetrakis(pentafluorophenyl)borate,tetra-n-butylammonium
tetrakis(pentafluorophenyl)borate,tetraethylammonium tetrakis(pentafluorophenyl)borate,
benzyl(tri-n-butyl)ammonium tetrakis(pentafluorophenyl)borate, methyldiphenylammonium
tetrakis(pentafluorophenyl)borate, triphenyl(methyl)ammonium

tetrakis(pentaflaoitoplies pilaratémeihglatuliniandtetriddaf{pentafiuorophenyl)borate,dimethylanilinium
tetrakis(pentafluorophenyl)borate,trimethylanilinium

Examples of the hydrocarbon group having from 1 to 20
carbon atoms include an alkyl group such as a methy | group,
an ethylgroup, apropylgroup, abutylgroup,ahe xylgroup,

a cyclohexyl group, an octyl group, and the like; a n alkenyl
groupsuchasavinylgroup, apropenylgroup,acy clohexenyl
group,andthelike;anarylalkylgroupsuchasab enzylgroup,
a phenylethyl group, a phenylpropyl group, and the like; an

aryl group such as a phenyl group, a tolyl group, a

dimethylphenylgroup,atrimethylphenylgroup,ane thylphenyl
group,apropylphenylgroup,abiphenylgroup,ana phthylgroup,
a methylnaphthyl group, an anthracenyl group, a phe nanthnyl

group, and the like; and so on.
Specificexamplesofthehalogen-containinghydroc arbon
group having from 1 to 4 carbon atoms include a chl oromethyl

group, a bromomethyl group, a bromoethyl group, a

p-fluorophenyl group, a p-fluorophenylmethyl group, a
3,5-difluorophenyl group, a pentachlorophenyl group , a
3,4,5-trifluorophenyl group, a pentafluorophenyl gr oup, a

3,5-bis(trifluoromethyl)phenyl group, and so on.
[0039]

Examples of the silicon-containing group include a
monohydrocarbon-substitutedsilylgroupsuchasam ethylsilyl
group, a phenylsilyl group, and the Ilike; a

dihydrocarbon-substitutedsilylgroupsuchasadim ethylsilyl

27



tetrakis(pentafluorophenyl)borate,methylpyridinium tetrakis(pentafluorophenyl)borate,benzylpyridinium
tetrakis(pentafluorophenyl)borate, methyl(2-cyanopyridinium) tetrakis(pentafluorophenyl)borate,
benzyl(2-cyanopyridinium) tetrakis(pentafluorophenyl)borate, methyl(4-cyanopyridinium)
tetrakis(pentafluorophenyl)borate,triphenylphosphonium
tetrakis(pentafluorophenyl)borate,dimethylanilinium tetrakis[bis(3,5-ditrifluoromethyl)phenyl]borate,
ferrocenium tetraphenylborate, silver tetraphenylborate, trityl
tetraphenylborajegtairaplaenydisrpinyldiyhangaopse tatraphémylbdikde, tetrakis(pentafluorophenyl)borate,
(1,1'-dimethylferrocenium) tetrakis(pentafluorophenyl)borate, tetrakis(pentafluorophenyl)borate,
ferrocenium det#mdtagHdeocametuted  silyl  group such as a

trimethylsilylgroup,atriethylsilylgroup,atrip ropylsilyl
group, a dimethyl(t-butyl)silyl group, a tricyclohe xylsilyl
group, a triphenylsilyl group, a dimethylphenylsily [ group,

a methyldiphenylsilyl group, a tritolylsilyl group, a
trinaphthylsilyl group, and the like; a

hydrocarbon-substituted silyl ether group such as a
trimethylsilylethergroupandthelike;asilicon- substituted
alkylgroupsuchasatrimethylsilylmethylgroupan dthelike;
a silicon-substituted aryl group such as a
trimethylsilylphenylgroupandthelike;adimethyl hydrosilyl

group; a methyldihydrosilyl group; and so on.

Examplesofthe heteroatom-containinggroupinclu dean
alkylamidegroupsuchasadimethylamidegroup,ad iethylamide
group, a dipropylamide group, a dibutylamide group, a
dicyclohexylamide group, a methylethylamide group, and the
like; an alkenylamide group such as a divinylamide group, a
dipropenylamide group, a dicyclohexenylamide group, and the
like; an arylalkylamide group such as a dibenzylami de group,
aphenylethylamide group, a phenylpropylamide group ,andthe
like; an arylamide group such as a diphenylamide gr oup, a
dinaphthylamide group, and the like; an alkoxy grou p such as
a methoxy group, an ethoxy group, a propoxy group, a butoxy
group, a phenylmethoxy group, a phenylethoxy group, and the
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silver tetrakis(pentafluorophenyl)borate,trityl tetrakis(pentafluorophenyl)borate,lithium
tetrakis(pentafluorophenyl)borate,sodium tetrakis(pentafluorophenyl)borate,
tetraphenylporphyrinmanganese tetrakis(pentafluorophenyl)borate, silver tetrafluoroborate, silver
hexafluorophosphate,silver hexafluoroarsenate, sliver perchlorate, silver trifluoroaceate, silver
trifluoromethanesulfonate, and so on. (3-1) may be used alone or in combination of two or more kinds
thereof. [0048] On the other hand, as the aluminoxane as the component (3-2), there can be
exemplified a clikénaalanyloeyansureimeses ftechiBytdia germiabformula (VII) and @egdiccaluminoxane

represented by the general formula (VIII). [0049] RO\R9

as a phenoxy group, a methylphenoxy group, adimeth ylphenoxy
group, and the like; a phosphide group such as a di methyl
phosphide group, a methylphenyl phosphide group, a diphenyl
phosphide group, a dicyclohexyl phosphide group, a dibenzyl
phosphide group, andthe like; an alkyl sulfide gro upsuchas
amethylsulfidegroup,anethylsulfidegroup,ap ropylsulfide
group, a butyl sulfide group, a hexyl sulfide group , a
cyclohexylsulfidegroup,anoctylsulfidegroup,a ndthelike;
an alkenyl sulfide group such as a vinyl sulfide gr oup, a
propenylsulfidegroup,acyclohexenylsulfidegrou p,andthe
like;anarylalkylsulfidegroupsuchasabenzyls ulfidegroup,
aphenylethylsulfidegroup,aphenylpropylsulfide group,and
thelike;anarylsulfidegroupsuchasaphenylsu Ifidegroup,
a tolyl sulfide group, a dimethylphenyl sulfide gro up, a
trimethylphenyl sulfide group, an ethylphenyl sulfi degroup,
a propylphenyl sulfide group, a biphenyl sulfide gr oup, a
naphthyl sulfide group, a methylnaphthyl sulfide gr oup, an
anthracenyl sulfide group, a phenanthnyl sulfide gr oup, and
the like; a dimethyl boryl group; a diphenyl boryl group; a
dimethyl arsenyl group; and so on.
[0040]

As the amine to be contained in the amine-containi ng
group,thereisexemplifiedanaminehavingfrom1 to20carbon
atoms. Specificexamplesthereofincludealkylamin essuchas
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\A1-0-(41-0-11(1\ 199(VIl) /w-2 '13 [0050] (In the formula, R9 represents a hydrocarbon group having
from 1 to 20 carbon atoms, and preferably from 1 to 12 carbon atoms, such as an alkyl group, an alkenyl
group, an aryl group, an arylalkyl group, and the like, or a halogen atom; and w represents an average
degree of polymerization and is an integer of usually from 2 to 50, and preferably from 2 to 40, provided

that each R9 maybe the same as or different from every other R9.) [0051]

methylamine, ethylamine, propylamine, butylamine,

cyclohexylamine, methylethylamine, dimethylamine,

diethylamine,dipropyamine,dibutylamine,dicyclohe
methylethylamine, trimethylamine, triethylamine,
tri-n-butylamine, and the like; alkenylamines such
vinylamine, propenylamine, cyclohexenylamine, divin
dipropenylamine, dicyclohexenylamine, and the like;
arylalkylaminessuchasphenylmethylamine,phenylet
phenylpropylamine, and the like; arylamines such as

diphenylamine, dinaphthylamine, and the like; ammon

xylamine,

as

ylamine,

hylamine,

aniline; N-methylaniline; diphenylamine;

N,N-dimethylaniline; methyldiphenylamine; pyridine;
p-bromo-N,N-dimethylaniline; and so on.
[0041]

As specific examples of the transition metal compo
represented by the formula (1), there can be exempl
(1,1’-ethylene)(2,2’-ethylene)-bis(indenyl)zirconiu
dichloride,
(1,2-methylene)(2,2’-methylene)-bis(indenyl)zircon
dichloride,
(1,1-isopropylidene)(2,2'-isopropylidene)-bis(inde
conium
(1,1’-ethylene)(2,2’-ethylene)-bis(3-methylindenyl)
um

(1,1’-ethylene)(2,2’-ethylene)-bis(4,5-benzoindenyl
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[0052] (Inthe formula, R9 and ware the same as those in the foregoing general formula (VII).) [0053]

As a production method of the foregoing aluminoxane, there is exemplified a method of bringing an
alkylaluminum into contact with a condensing agent such as water and the like. However, its means is not
particularly limited, and the reaction may be carried out according to known methods. For example,
there are (1) a method of dissolving an organoaluminum compound in an organic solvent and then
bringing the solution into contact with water; (2) a method of adding an organoaluminum compound at the
beginning of poiymerization and then adding water; (3) a method of allowingdihlorginoaluminum
compound to react with crystal water contained in a metal salt or the like or absorbed water in an
inorganic or ordanic eHatenal (24 £meansd-BisEdseRIg RYHIIAIRY Ialuminum to reacYVatit a
tetraalkyldialuminpxane and further allowing the reaction mixture to react with water; and the like.

Incidentally, the’3lHfinoxane may be one insoluble in toluene, and such an 2MAAE%ane may be used

alone or in comhinati g inds. 1 As for a use propagttion of the catalyst
component (A) Qr?(tj %ﬁﬁg&g@g}fﬁgf{?@ oerlﬁeé:%dtﬁél)a?ei?mg{%@g@gfeusing the compoun gﬂ) as the catalyst
component (3),@metar ratio ranges preferably from 10/1 to 1/100, and morgjigredeicably from 2/1 to 1/10.
The case where the molar ratio falls outside the foregoing range is not practical because a catalyst cost
per unit mass pdiyihethglerenia 2 haghylets); s @heé -cidseppbging the compound (3¥@nitl)s desirable that a
molar ratio ranges preferably from 1/1 to 1/1,000,000, and more preferably from 1/10 to 1/10,000. The
case where theZS1848tio falls outside the foregoing range is not practical 560888 catalyst cost per
unit mass polymer becomes, high. Also, each of ip-l nd, (3-2) can be used as the catalyst component (3)
alone or in comi)f;hla'tefcgny Ioeﬂ(\?\)? %l)ir]'r(rew'%d| g W??g’é'?z‘é' eoef?]ﬁggé%aor the polymerizatfOfi Catalyst at the
production of thg,a-olefin oligomer of the present invention, an organoalumingtgRgapound can be used
as a component (C) in addition to the foregoing component (A) and component (3). Here, as the
organoaluminuiil goetpglend)és thethglmnensisiIGiemyomripopind represented by dpglgeneral formula (1X)

is used. RIOVAIj3 v(IX)
enyl)zirconium dichloride,

(1,1’-ethylene)(2,2’-ethylene)-bis(5,6-benzoindenyl )zircon

ium dichloride,

[0042]

(1,1’-dimethylsilylene)(2,2’-dimethylsilylene)bis(i ndenyl)
zirconium dichloride,
(1,2’-dimethylsilylene)(2,2’-dimethylsilylene)bis(3 -methyl
indenyl)zirconium dichloride,
(1,2’-dimethylsilylene)(2,2’-dimethylsilylene)bis(3 -n-buty
lindenyl)zirconium dichloride,
(1,1’-dimethylsilylene)(2,2’-dimethylsilylene)bis(3 -isopro
pylindenyl)zirconium dichloride,
(1,2’-dimethylsilylene)(2,2’-dimethylsilylene)bis(3 -trimet
hylsilylmethylindenyl)zirconium dichloride,
(1,2’-dimethylsilylene)(2,2’-dimethylsilylene)bis(3 -phenyl

31



[In the formula, Rlo represents an alkyl group having from 1 to 10 carbon atoms; J represents a hydrogen
atom, an alkoxy group having from 1 to 20 carbon atoms, an aryl group having from 6 to 20 carbon
atoms, or a halogen atom; and v represents an integer of from 1 to 3.] [0055] Specific examples of
the compound represented by the general formula (1X) include trimethylaluminum, triethylaluminum,
triisopropylaluminum, triisobutylaluminum, dimethylaluminumchloride,diethylaluminumchloride,
methylaluminumdichloride,ethylaluminumdichloride, dimethylaluminum fluoride, diisobutylaluminum
hydride, diethyladdemyiyaindoydliide, ethylaluminumsesquichloride, and so on. @fHhheisk, organoaluminum
compounds in which a hydrocarbon group having 4 or more carbon atoms is bonded are preferable from
the standpoint ¢ dxeimatiniileampbratdiraaitatsiie minsthe subject viewpoint,5a®drocarbon group
having from 4 to 8 art10r.1 atoms is more preferable. Still more preferably, in the case of a reaction
temperature of $BIESPHIGRBINE hydrocarbon group having from 6 to 8 cartpé?ﬁlﬂﬂ 3 is still more

preferable. The orge ' JITe alone or in combinatior 0 or more kinds
thereof. [0056] (9’9?@@%%@%%‘%@5? %’;@ é@gﬁﬁﬁﬁg {ﬁ@catalyst componentq?%]ggnd the catalyst
component (C) saneesphefei@nlymfrom 1/1 to 1/10,000, more preferagighiepiael/S to 1/2,000, and still
more preferably from 1/10 to 1/1,000 in terms of a molar ratio. By using the catalyst component (C),
polymerization gctivAdynpeshytaihdeiom) (2h2talicathplsibtdrrbed> However, its excesgiveimse is not preferable

because not only the organoaluminum compound becomes useless, but a large amount of the
organoaluminuiXBHIBIRIEBIEIN in the a-olefin oligomer. [0057]dichloride,

(1,1’-dimethylsilylene)(2,2’-dimethylsilylene)bis(4 , 7-diis
opropylindenyl)zirconium dichloride,
(1,2’-dimethylsilylene)(2,2’-dimethylsilylene)bis(4 -phenyl
indenyl)zirconium dichloride,
(1,2’-dimethylsilylene)(2,2’-dimethylsilylene)bis(3 -methyl
-4-isopropylindenyl)zirconium dichloride,
(1,1’-dimethylsilylene)(2,2’-dimethylsilylene)bis(5 ,6-benz
oindenyl)zirconium dichloride, and the like, and co mpounds
obtainedbysubstitutingzirconiumintheforegoing compounds
with titanium or hafnium. As a matter of course, i t should
notbeconstruedthatthetransitionmetalcompound islimited
thereto.

[0043]

The a-olefin oligomer of the present invention can be

produced by using the foregoing transition metal in a
meso-symmetricform. Accordingtotransitionmetal compounds
in aracemic form, which have hitherto been frequen tly used,
itwasdifficulttoproduceanoligomercomponentu nderamild
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In the production of the a-olefin oligomer of the present invention, at least one member of the catalyst
components can be supported on an appropriate carrier and used. The kind of the carrier is not
particularly limited, and all of inorganic oxide carriers, other inorganic carriers, and organic carriers can be
used. In particular, inorganic oxide carriers or other inorganic carriers are preferable. [0058]

Specifically, examples of the inorganic oxide carrier include 5i02, Al203, MgO, Zr02, Ti02, Fe203, 3203,
CaO, Zn0O, BaO, Th02, and mixtures thereof, for example, silica alumina, zeolite, ferrite, glass fiber, and
the like. Of thesmyrididr)hM20@rshg s stagedlyr prisfidsabhetdhcatentally, the inorgapaundithe carrier may
contain a small amount of a carbonate, a nitrate, a sulfate, or the like. On the other hand, as carriers other
than those deséiiepasovengittefedn. te e mefHee raasFibsiuid €é8mpounds repreSibhted by a general
formula: MgRii"Xly, which are typified by MgCI2, M %)OZH%F, and the like, and complex salts thereof,
and so on. Heré}’&'ﬁ%ﬁ%@8“@%raﬁélsé&(ﬁﬁ5%§3| g #6H' £ to 20 carbon atorfiE! 'ﬁ?oxy group
having from 1 tg 2Q,c _gégmﬁg a | gro ing fr 0 carbon atoms; X1 represents a
halogen atom o%a%a?lﬁ%ggro p ha{[/@r%g f?(?r{ny 1%0 %%‘%%&%% a%g]mgs;g%% §is from 0 to 2, and y is from O to
2, provided thatyey B ks QARG SRR RaA and each XlgmppyiReiihshrama py or different from every
other R11 and every other X1, respectively. [0059] As the organic carrier, there can be exemplified
polymers such asdqolystieshef disigtrend-daimgreczapesitpolyimer, polyethylenesgtslyal-butene,
substituted polystyrenes, polyarylates, and the like; starch; carbon; and so on. As the carrier of the
catalyst which i$HSEE fGPIABISHERMCERh BEISERRLYISHAIBREBREMAMhe present inventitd Mgo12,
MgCl(OOZHE_S), %ﬁ@%?%e'd/s%z’r%grzarAp%%%b%rghc%{lwiﬁﬁiisn %rfeefl?]raple. AIS(_), althoughtpéﬂg\;evrties of the carrier
vary depending upory its Kind and production method, an average particle diameter’is usually from 1 to
300 gm, preferghlydcamrlRilh #PR & apgameRaria{reaply from 20 to 100 gy YWhen the particle
diameter is small, a fine powder in the oligomer increases, whereas when the particle diameter is large, a
coarse particle inaheoobanies invereasstinkieyepyupauaing & lowering of bulk dersigitiar plugging of a
hopper. Also, a specific surface area of the carrier is usually from 1 to 1,000 m2/g, and preferably from 50
to 500 m2/g, artieighcrEnpoindeathedentipal SubiRefstchinesonb cm3/g, and prefethiyérom 0.3 to 3
cm3/g. When any one of the specific surface area or the pore volume falls outside the foregoing range,

there may be tHE PR (RRKREHEL DA s tRil) RO A HIRidkntally, the specific®Erface area and

th lume , ; ' I f dsorb [ ' formit
with the BET me Tt T oA s SR BMER 68 Honmn. ooco]  ELrRRbre m the case.

where the carrigk iR igaNissexids CERn bfithd asdidieeto use it upon being ki usually at from 150
to 1,000C, and preferably from 200 to 800C. In the case of supporting at least one member of the catalyst
components onclitalgstrigrd iais desiraplsdinsoionieahiadat enepititheydatalyst component (A) and the
catalyst component (B), and preferably both of the catalyst component (A) and the catalyst component
(B). Although aW§IRbavVefagppYeaY |kt eughiid srikecaralgeyldomponent (A) 'aMeI9RE catalyst
component (B) on the carrier js not 'f rticularlg. I_imite(g f%)r ?xamgle, there can be adopted (1) a method of
mixing at least Ré”gflﬂ%‘ cd llﬂ‘fst% 68%99[ (Bsnan éttﬁ' léé&gly ?r&omponent (B) with © carrier; (2) a

method of treati{g}g&nge%arrier with an organoaluminum compound or a

[0044]

Asthecomponent(B-1)ofthecomponent(B),anyc ompound
canbeusedsofarasitisacompoundcapableofr eactingwith
the transition metal compound ofthe component (A) toforman
ionic complex. However, those represented by the f ollowing

general formulae (V) and (VI) can be suitably used.

L “RT*)a(Z] )b (V)
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halogen-containing silicon compound and then mixing the treated carrier with at least one member of the
component (A) and the component (3) in an inert solvent; (3) a method of allowing the carrier to react with
the component (A) and/or the component (3) and an organoaluminum compound or a halogen-containing
silicon compound; (4) a method of supporting the component (A) or the component (3) on the carrier and
then mixing the supported carrier with the component (3) or the component (A); (5) a method of mixing a
catalytic reaction product between the component (A) and the component (3) with the carrier; (6) a
method of allowing the([carfEf)a.GaEXigt,at a catalytig/fpaction between the component (A) and the
component (3); and so on. _Incidentallg, in the foregoing methods (4), (5) and (6), the organoaluminum
compound as thE&8mporidAtNC) cBn Y bR deded MO6M.)  The thus obtained catalyst may be used

for the polymerization after being taken out as a solid upon solvent evaporation, or may be used for the
polymerization E@%%‘?WE&%&W%@%&JEhction of the U REBIRAMEISERGe lgrﬁzesent invention, the

catalyst can be J@Fgmg&?y ggr(g}ﬂ_ggggyrﬁrgﬁéggaﬂmﬁ peration of fit-l%z?jkone&mqmlgﬁéjgf the component

(A) and the component (3) on t r example, there can’be adopted a met in which at least
one member of[the eqainesemns(4) andihe arepenearl (Poupicasatsiat and if desired, thed
organoaluminum compound as the component (C) are added, and then an olefin such as ethylene and
the like is addebainfetemont, taeh&HMG), andehe mixtdie svpeetimimarily rephpswrized at from-20 to 200C
for from about one minute to 2 hours, thereby forming a catalyst particle. [0062] In the catalyst which
is used in the pREMIEHSRYPRENG- N AP RidH B EhRYRT SRt ]ﬂ&/ention, it is desifi{t€that a use
proportion of the corgi%?arﬁnt 3'1?e nd the cafrier i%)rr%ferably from 1/5 to 1/19 OOOband more preferably

from 1/10 to /300 1 (s G g?nagéar% i%?%r?g] It1S deaiabie that a use propo?ﬁgx Ofthe component

(3-2) and the czgﬁ%igm@ﬁgrg@lﬁbf{g@flt%%éggdpc%e%d more preferably fpm ¥/} 4epl/50 in terms of a
mass ratio. In the case of using a mixture of two or more kinds as the component (3), it is desirable that a
use proportion edheseaspadiiusrapenpaoenia( Bhrigdihesarer dajs within the foregesg range in terms of
a mass ratio. Also, it is desirable that a use proportion of the component (A) and the carrier is preferably
from 1/5 to 1/1(18009&iehhisrédneteraibieera dislkytamiso®. When the use propbaysigof the component
(3) [component (3-1) or component (3-2)] and the carrier, or the use proportion of the component (A) and

the carrier, fallsS@Rsd@ AECRIRYLAYPanYR ks Wd@%@éase where the a@ity lowered. An
ticle, gli { | jzati talyst i to 200 ,
average partic %ﬁé%ggjs@%{tgﬁq@gn é\fggé%sﬁ&% g%ﬁ%ﬁ%aféa ion catalyst is l&g%g(af[r&%z (o] gm

preferably from gm, an rom 20 to 100 Jim; and a specific surface area
thereof is usualbER/:RQ teubRARNYRi @B aaissaltyieom S0 to 500 m2/ga Yiyemthe average particle
diameter is less than 2 gm, there may be the case where a fine powder in the polymer increases,

whereas when grexpdeisizOfogm/ thete cagyobeathmsame avplatieya coarse particld grabp polymer
increases. When the specific surface area is less than 20 m2/g, there may be the case where the activity
is lowered, whel@489 @it €x8ebBsCRHOD ARYSihareaedehsihetéase where a bulki®@nsity of the
polymer is Iowe}%e . AISE% in the cra;[]fggsl% whi pg us%gj in the production of the a-olefin oligomer, an
amount of the trREHBIY AR 8 Btthe arfid 8%8%%’ from 0.05 to 1%”3,03 6(yespecially

preferably from&éuﬂﬂ%/%g%m&@cﬁm%ﬁbﬂgﬂﬁ& HRL metal falls oqgﬁjgﬁdpﬁjigregoing range, there
may be the case where the activity is lowered. By achieving supporting on the carrier in this way, a
polymer havingaa instasiriatiynasbraniaggeysiaghr tunlgensiyand an excellent gaiiele size distribution
can be obtained. [0063] In the production method of the a-olefin oligomer of the present invention, a
polymerization t@hearkonatparicwiady meresef, @nd all of méthdds imehysiverot sngurry polymerization
method, a vapor phase polymerization method,

and frepresents aninteger of [(valence of central metalM 1)
+1]); and [Z ’] - represents a conjugate base of a Broensted

acid alone, or acombination of a Broensted acid an dalewis
acid, having a logarithm of a reciprocal of its aci d
dissociationconstant(pKa)ofnotmorethan-10,0 raconjugate
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a block polymerization method, a solution polymerization method, a suspension polymerization method,
and the like may be adopted, with a slurry polymerization method or a solution polymerization method
being especially preferable. As for a polymerization condition, a polymerization temperature is usually
from 0 to 200C, more preferably from 20 to 200C, and especially preferably 70 to 200C. Also, a use
proportion of the catalyst relative to the reaction raw material is preferably from 1 to 108, and especially
preferably from 100 to 105 in terms of a raw material monomer/the foregoing component (A) (molar ratio).
[0064] A paigseasizatmsidiniects isfuadydrarddimeimatesdo 30 hours, and pretesatdlygrom 15 minutes to
25 hours. A hydrogen pressure is usually from 0 to 10 MPa(G). In the production method of the U-olefin
oligomer of the #¥senZinvertiomayRaraguliogtas wikmielVigagelyiediZation activity is fargely
enhanced. Inconsequence, the hydrogen pres rF is preferably from 0.1 to 5.0 MPa (13]2? and more
preferably from 8P %5°1'S ﬂﬂtﬁlﬁ(@g?‘?’ﬁiol@r % éﬁaﬁﬂnﬁaﬂfﬂ@:ﬁnt of hydrogen, &' h&te enhanced the

polymerization.%l;‘j Hyoﬁaﬂg%\g’%%%b/@ﬁ@g\p{n%ﬂg?i?grné/grﬁgen pressure is rgfgrrgo Bn’l'g MPa(G),

influences against the activity are ult such as giant growth of production facilities, and the
like is converseineadaaad 1868) or an Ay IBIR/LaasRIpT disdRBA polymerization solyerfzdfreré can be used an
aromatic hydrocarbon such as benzene, toluene, xylene, ethylbenzene, decalin, and the like; an alicyclic
hydrocarbon suep@Eseysopentarye|apaitdibzayle, grethylcyalohexastéytad the like; an aliphatic
hydrocarbon such as pentane, hexane, heptane, octane, and the like; a halogenated hydrocarbon such
as chloroform, GXHIRHARLISAME IERIPihANIKIRINEY 8EPHR: SUéh W8olvent may be usé8lone or in
combination of two or moye kinds thereof. Also, the polymerization can be carried out in the absence of a
R f %gg‘ fo0 Al

solvent dependﬂ{aulﬁ)bon the %rgﬁl%]esr?z%?llé}q %%(ﬁﬁ)o& 81“ %RE polymerization, aoﬂlolymerization

catalyst may b%wﬁggﬁgﬁyrggﬁgm%ﬂﬁgw%mwIymerization. Althqgg{)“gpg@r;eliminary
polymerization can be, for example, carried out by bringing a small amount of an olefin into contact with
the catalyst coraparreitrdis¢setod ismaciopacticuigatydlistitadasitudrkpperiy methods can bel adopted. The
olefin which is used for the preliminary polymerization is not particularly limited, and for example, there
can be exemplifietphyria-oltdalnevang i andths ikeckibeniatoms, or a mixture deienCRlowever, it is
advantageous to use the same olefin as the olefin used in the subject polymerization. Specific examples
of the prelimina® holyifer£4tbn indigag f&ﬂ?@%&ﬂ%ﬁ@“ﬂﬁﬂr%fho{ﬂ@%%%égent (A), the component (3) and
an a-olefin havigg from 310 18 (;tarbon falt%rpr% are Qﬁ%‘ﬂOUS| brought into contacfiw'lt(h each other to

prepare a polyme‘ralg[’;1‘%|S'c()arr11 tgae%gl%ﬁgéerrlg an example'in Which the component (A), B compxonent (3), the

component (C) anqanzasAplrbavinth§amektic sahigteaspemereviously broughginto contact with
each other to prepare a polymerization catalyst. A preliminary polymerization temperature is usually from
-20 to 200C, préfer@biydadinte) 1o thABE AT nitine peatetiably from O to 80C. tattleegmeliminary
polymerization, an aliphatic hydrocarbon, an aromatic hydrocarbon, a monomer, or the like can be used
as a solvent. AINDIeRECEREIISAIRIEHEIHhEIREIBA haPbeneRFfitt® out in the absend@BEBSsolvent. In the
preliminary polylmer' ation, it is desirable to regulate a condition in such a manner that an intrinsic
viscosity [1] (as rﬁ%;éuc}e@?npg&ggfﬁwtg lf 5C) of a preliminarily polymerized product is 0.1 dL/g or more;
and that an amw f the preliminarily polymerized product per millimole of the transition metal
component in the catalyst is from 1 to 10,000 g, and especially from 10 to 1,000 g. [0067] According
to the foregoing methadethadgsegntegarpigsmner | or a-oligaarichivkarpididdced. Examples of a
method of varying the characteristics of the oligomer include selection of the kind and use amount of each
of the catalyst compesrum agantmepelynethidatvneamipeeatimetand in additiomyfstyngerization in the
presence of hydrogen, and so on. An

diethylamine, N-methylaniline, diphenylamine,
N,N-dimethylaniline, trimethylamine, triethylamine,
tri-n-butylamine, methyldiphenylamine, pyridine,
p-bromo-N,N-dimethylaniline, p-nitro-N,N-dimethylan iline,
andthelike;phosphinessuchastriethylphosphine ,triphenyl
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inert gas such as nitrogen and the like may be made present. In the production method of the present
invention, when the reaction is carried out at a high temperature, the degree of polymerization tends to
become small, and also, when a monomer having a small carbon number is used, the degree of
polymerization tends to become large. EXAMPLES [0068] Next, the present invention is hereunder
described in more detail with reference to the Examples, but it should not be construed that the present
invention is limited thereto. Measurement methods and measurement apparatuses of physical properties
are shown blowpHo8G9hEViphaayiplodshhies, mhtredike; tatoamer] 0.05 g ohersameple was dissolved
in 5 mL of toluene and subjected to gas chromatography (GC) measurement, thereby determining a ratio
of dimer, trimeragntetahyaieicheneaaitddhrefikeopdli@ignsuch agolumn: HT-SIMDISIEB (5 m )< 0.53

mmO, film thlcl?ﬁess 0.17 8}3 IColumn temger ture: 50C (0. l mln) increased to 4300 at 20C/min,
430C (15 min) MEERBIFP rCPC@%Z) fienpRiLiGRe SE nATa@ce ot

benzonitrile, and the like; and so on.

As specific examples of R 4 there can be exemplified
hydrogen, a methyl group, an ethyl group, a benzyl group, a
trityl group, and so on; and as specific examples o fR °and
R°, there can be exemplified a cyclopentadienyl group , a
methylcyclopentadienylgroup,anethylcyclopentadie nylgroup,
a pentamethylcyclopentadienyl group, and soon. As specific

examples of R 7, there can be exemplified a phenyl group, a

p-tolyl group, a p-methoxyphenyl group, and so on; and as
specificexamplesofR 8 therecanbeexemplifiedtetraphenyl
porphyrin,phthalocyanine,allyl,methallyl,andso on. Also,

as specific examples of M 2 there can be exemplified Li, Na,

K, Ag, Cu, Br, |, 3, and so on; and as specific examples of

M, there can be exemplified Mn, Fe, Co, Ni, Zn, and SO on.

Also, in [Z 17, namely [M GG ], specific examples of M

include B, Al, Si, P, As, Sb, and so on, with B or Al being
preferable. Also,specificexamplesofG 'andG 2toG finclude
a dialkylamino group such as a dimethylamino group, a
diethylaminogroup,andthelike;analkoxygroupo ranaryloxy
group such as a methoxy group, an ethoxy group, an n-butoxy
group,aphenoxygroup,andthelike;ahydrocarbon groupsuch
as a methyl group, an ethyl group, an n-propyl grou p, an
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Detector (FID) temperature: 440C Carrier gas: He Linear velocity: 40 cm/sec Mode: Constant flow
Injection amount: 0.5 gL [0070] [Weight average molecular weight (Mw) and molecular weight distribution
(Mw/Mn)] A weight average molecular weight and a molecular weight distribution were measured by
means of a gel permeation chromatography (GPC) method (as reduced into polystyrene). GPC
measurement apparatus: Column: TOSO GMHHR-H(S)HT Detector: RI detector for liquid
chromatography, WATERS

isopropyl group, an n-butyl group, an isobutyl grou p, an

n-octyl group, an n-eicosyl group, a phenyl group, ap-tolyl

group, a benzyl group, a 4-t-butylphenyl group, a

3,5-dimethylphenyl group, and the like; a halogen a tom such
as fluorine, chlorine, bromine, and iodine; a heter o]
atom-containing hydrocarbon group such as a p-fluor ophenyl
group,a3,5-difluorophenylgroup,apentachlorophe nylgroup,

a 3,4,5-trifluorophenyl group, a pentafluorophenyl group, a
3,5-bis(trifluoromethyl)phenyl group, a
bis(trimethylsilyl)methyl group, and the like; and an
organometalloid group such as a pentamethylantimony group, a

trimethylsilyl ~ group, a trimethylgermyl group, a
diphenylarsine group, a dicyclohexylantimony group,
diphenylboron group, and the like.

[0046]

As specific examples of the non-coordinating anion :

namely the conjugate base [Z %] - ofa Broensted acid alone, or

a combination of a Broensted acid and a Lewis acid, having a
pKa of not more than -10, there can be exemplified a
trifluoromethanesulfonic acid anion (CF 3SQ) °, a
bis(trifluoromethanesulfonyl)methyl anion, a
bis(trifluoromethanesulfonyl)benzyl anion, a
bis(trifluoromethanesulfonyl)amide anion, a perchlo ric acid
anion (CIO 4)°, a trifluoroacetic acid anion (CF 3CQ) 7, a
hexafluoroantimonyanion (SbF 6) ,afluorosulfonicacidanion
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150C Measurement condition: Solvent: 1,2,4-Trichlorobenzene Measurement temperature: 145C Flow
rate: 1.0 mL/min Concentration of sample: 2.2 mg/mL Injection amount: 160 gL Calibration curve:
Universal Calibration Analysis program: HT-GPC (Ver. 1.0) [0071] [Measurement method of melting point]

(FSO3) " ,achlorosulfonicacidanion(CISO 3) ~,afluorosulfonic

acid anion/5-fluoroanitimony (FSO 3/SbF 5) 7, a fluorosulfonic

acid anion/5-fluoroarsenic (FSO 3/ASF 5) 7,
triluoromethanesulfonic acid anion/5-fluoroantimony

(CF3SQy/SbF 5) °, and so on.

[0047]

As specific examples of the ionic compound capable of
reacting with the transition metal compound as the component
(A) to form an ionic complex, namely the compound o f the
component (B-1), there can be exemplified triethyla mmonium
tetraphenylborate, tri-n-butylammonium tetraphenylb orate,
trimethylammonium tetraphenylborate, tetraethylammo nium
tetraphenylborate, methyl(tri-n-butyl)ammonium
tetraphenylborate, benzyl(tri-n-butyl)ammonium
tetraphenylborate, dimethyldiphenylammonium
tetraphenylborate, triphenyl(methyl)ammonium
tetraphenylborate, trimethylanilinium tetraphenylbo rate,
methylpyridinium tetraphenylborate, benzylpyridiniu m
tetraphenylborate, methyl(2-cyanopyridinium)
tetraphenylborate, triethylammonium
tetrakis(pentafluorophenyl)borate, tri-n-butylammon ium
tetrakis(pentafluorophenyl)borate, triphenylammoniu m
tetrakis(pentafluorophenyl)borate,  tetra-n-butylamm onium
tetrakis(pentafluorophenyl)borate, tetraethylammoni um

tetrakis(pentafluorophenyl)borate,
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A melting point was measured using a differential scanning calorimeter (DSC) under the following
condition. 10 mg of a sample was kept in a nitrogen atmosphere at -10 C for 5minutes; the
temperature was then increased to 190C at 10C/min; furthermore, after keeping the sample at 190C for 5
minutes, the temperature was decreased to -10C at 5C/min; and after keeping the sample at -10C for 5
minutes, the temperature was increased to 190C at 10C/min. A temperature of a peak of signal
observed in the final temperature increasing process was defined as a melting point. Also, two points
positioning on thergtirsidestgl dmenpedalkmyvhose values on the ordinate are a half value of the peak, were
determined, and a distance therebetween was defined as a half value width (C). [0072] [Content of
vinylene group]tetrakis (ReripBreprttenv Uiaidideme sidipsanxiatietermined by méeidwhthe 1H-NMR
measurement according to g usual me;r d. A content (C) of the vinylidene group (mol%) was calculated
on the basis of ?5?552858@%’[’3@%—% %ﬁﬂrf'ﬂgthyl group appearing at from 80.8 to 1.0 and a vinylidene

group appearing. ér RZ Nt ﬁn@l{ﬁ’d s obtained by the 1H-NMR measurement. Furthermore, a
number of vinyll%ghe r u%t&)%r molecule was calculated from a number average molecular weight (Mn)

and a monometdnglespaitaisRididhdsteimieed by the ged@aymaatiamchromatography (GPO)
according to the following expression. Content (number) of terminal vinylidene groups per molecule =

(Mn/M) X (0/1065tfakiZ3]qmedtiactiphEdyippiate]Productichmiethylaniliniu m
tetrakis(pentafluorophenyl)borate, trimethylanilini um
tetrakis(pentafluorophenyl)borate, methylpyridinium
tetrakis(pentafluorophenyl)borate, benzylpyridinium

tetrakis(pentafluorophenyl)borate,

methyl(2-cyanopyridinium)

tetrakis(pentafluorophenyl)borate,

benzyl(2-cyanopyridinium)

tetrakis(pentafluorophenyl)borate,

methyl(4-cyanopyridinium)

tetrakis(pentafluorophenyl)borate, triphenylphospho nium
tetrakis(pentafluorophenyl)borate, dimethylaniliniu m

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

ferrocenium tetraphenylborate, silver tetraphenylbo rate,
trityl  tetraphenylborate, tetraphenylporphyrinmanga nese
tetraphenylborate, ferrocenium

tetrakis(pentafluorophenyl)borate,
(1,2'-dimethylferrocenium)
tetrakis(pentafluorophenyl)borate,  decamethylferroc enium

tetrakis(pentafluorophenyl)borate, silver
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(1,1'-ethylene) (2,2'-ethylene)bis(indenyl)zirconium dichloride (1) Synthesis of
1,4-bis(phenylsulfonyl)butane: Into a three-necked flask, sodium benzenesulfonate (75.0 g, 457
moles), tetrabutylammonium bromide (18.1 g), benzene (30 mL) and water (40 mL) were charged, to
which was then added 1,4-dibromobutane (22.5 mL, 188 moles) at room temperature. After heating the
mixture at 85C for 8 hours, the temperature was returned to room temperature, and ethyl acetate (300
mL) was added. An organic layer was separated, and the organic layer was dried over anhydrous
magnesium sultatesKie(lesveafibyropheayiitadrareunder reduced pressurarhyl using an evaporator. The
obtained solid was recrystallized from methanol to obtain a desired material. Yield: 40.3 g, percent yield:
63.0 %. Thistrakipanidiyyapfngiberata-NMR measurement, {iiBi&By obtaining the following
results. 1 H-erge ODOéLﬁ): 1.79 toﬁ.SZ m, 4H), 3.05 (br, t, J = 6.6 Hz, 4H), 7.52 to 7.83 (m, 10H)

[0074] (2) SyntfEQKHPE AR RNRINN R e 1,4-Bis(phenylstff8ii{l)butane (16.9 g, 50.0 moles)

obtained abovetg“%}sw%%@ﬁ&&lgfqéﬂg?&ﬂg rofuran (500 mL). After cooling to 0C, 128 mL of a hexane
ithium i ratio

solution of n-butyllit in a concent n of 1.6 moles/L (n-butyllithium: 205 moles) was added. After
one hour, a tetrediplREHIASL By HAM @A MBL Of 0-xylene dichloride (17.9 g, 102 moles) was added while
vigorously stirring. Stirring was continued at room temperature for 2 hours. After cooling to -78C, a
hexane solutiorg@aigstentdfhiogtichyliomnte stivedatratiom of 1.6 moles/L andreb@éhydrofuran
solution (250 mL) of lithium diisopropylamide prepared from diisopropylamine (57.7 mL) were slowly
added. After 30SHYRluteREXPI prpRRRINBAR aciallvgho Meyallderagmsiiat 0C. The mixtur€was extracted
with ethyl acetaéF, and a secﬁ?r%tted orgﬁnic Ia%?ﬁ was dried over :f\nhydrous magnesium sulfate. After

: ver erchloratée er lugroaceate, . sllv, : :
concentration under redlice pressure, the resultant was subjec?ede {o Soxhlet extraction with hexane,

thereby obtainipgaHeHEsHamaEHghadelAo<c89: (@%‘}ﬁf&%@'d 15 %. Thisatedal was subjected to
1H-NMR measurement, thereby obtaining the following results. 1H-NMR (CDC13): 2.82 (s, 4H),
3.36 (s, 4H), 6.97 itsc@ibinafdntof fid8 drrm8id)kinds thereof.
[0048]
Onthe other hand, as the aluminoxane as the compo nent

(B-2), there can be exemplified a chain aluminoxane

represented by the general formula (VII) and a cycl ic
aluminoxane represented by the general formula (VII .
[0049]

9 9
R§A|0<A|—0>A|<R Vi)
RY FI{9 w2 R
[0050]
(Intheformula,R representsahydrocarbongrouphavingfrom
1to20carbonatoms,andpreferablyfroml1tol12c arbonatoms,
such as an alkyl group, an alkenyl group, an aryl g roup, an
arylalkyl group, and the like, or a halogen atom; a nd w
represents an average degree of polymerization and IS an
integer of usually from 2 to 50, and preferably fro m 21040,
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[0075] (3) Synthesis of (1,1'-ethylene) (2,2'-ethylene)bis(indene): 1,2-Bis(2-indenyl)ethane (2.0 g,
7.8 moles) obtained above in (2) was dissolved in tetrahydrofuran (120 mL). After cooling to 0C, 11.6 mL
of a hexane solution of n-butyllithium in a concentration of 1.6 moles/L (n-butyllithium: 18.6 moles) was
added. After 30 minutes, HMPAA (hexamethylphosphoric acid triamide) (3.4 mL, 15.6 moles) was added,
the mixture was cooled to -78C, and dibromoethane (0.76 mL, 7.7 moles) was added. After stirring at
room temperature for 3 hours, water was added. After separating an organic layer, the organic layer was
concentrated updevidedticedapieRsure Bynasinglars avapsmatiifeant ftomebéayned solid was recrystallized
from hexane/methylene chlorlde (3/1) to obtain (1,1'-ethylene) (2,2'-ethylene)bis(indene). Yield: 1.0 g,
percent yield: 49togr R ® Yhis material was subjected to 1H-NMR measurement, thereby obtaining the
following result 1H-NMR (CDC13): 2.97 (5, 4H), 3.05 (5, 4H), 3.27 (s, 4H), 7.0 to 7.4 (m, 8H)
[0076] (4)Synth E’Qé& (1,1'-ethylene) (2,2-ethylene)bis(indenyl)zirconium dichloride:

(1,1'-Ethylene)(2,2'- ethylene)bls(lndene) (1.0 g, 3.5 moles) obtained above in (3) was dissolved in diethyl
ether (80 mL), -78C, 4.8 mL of a hexane solution of n-butyllithium in a concentration
of 1.6 moles/L (n-b tylilghlu 7|mmoleg)/yygs added. The mixture was stirred at room temperature
overnight. The dlethyl Bther \)(Yas evaporated off under reduced pressure. A obtained solid was washed
with hexane to obtaina-dilithitnrsalt (1.15 g) of (1,1'-ethylene) (2,2'-ethylene)bis(indene). This lithium salt
was dissolved in toluene (30 mL), a toluene suspension (50 mL) of zirconium tetrachloride (0.72 g, 3.1
moles) was slo 9%ded in -78C, and the mixture was stirred at room temperature overnight. The
reaction liquid Vé f|| ered aﬂd a flltratefyvas C ncentrate under rgéc}luced pressure. The obtained solid
was recrystalllz rom hexane/toluene OSHENS ﬁmfeaﬁ] S: %ylgne)bls(lndenyl)zwcomum

ene
dichloride. Y'el%e@i@r‘algoﬁﬁ[ﬂ“&'&'}’b{ gld. 38 %.

[0053]

As a production method of the foregoing aluminoxan e,
thereisexemplifiedamethodofbringinganalkyla [uminuminto
contact with a condensing agent such as water and t he like.
However, its means is not particularly limited, and the
reaction may be carried out according to known meth ods.

For example, there are (1) a method of dissolving an
organoaluminum compound in an organic solvent and t hen
bringing the solution into contact with water; (2) a method
of adding an organoaluminum compound at the beginni ng of
polymerizationandthenaddingwater;(3)amethod ofallowing
an organoaluminum compound to react with crystal wa ter
contained in a metal salt or the like or absorbed w aterinan
inorganic or organic material; (4) a method of allo wing a
trialkylaluminumtoreactwith atetraalkyldialumin oxaneand
furtherallowingthereactionmixturetoreactwith water;and
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This material was subjected to 1H-NMR measurement, thereby obtaining the following results. 1
H-NMR (CDC13): 3.50 (d, 4H, -CH2CH2-), 3.76 (d, 4H, -CH2CH2-), 6.49 (s, 2H, olefinic proton), 6.90 to
7.50 (m, 8H, benzene ring proton) [0077] [Example 1] Reaction of 1-decene Into a heat dried one-liter
autoclave, 400 mL of 1-decene, 1moleoftriisobutylaluminum,2gmolesof (1,1'-ethylene)
(2,2'-ethylene)bis(indenyl)zirconium dichloride and 8 gmoles of tetrakispentafluorophenyl borate were
charged, into which was further introduced 0.15 MPa(G) of hydrogen. The mixture was polymerized with
stirring at a temgpefiiiréenoid@dGifp tiosa iroinoxasftencyptaion of the polymerizatmabieaction, the reaction

liquid was transferred into acetone. A precipitate was filtered and then heated and
in toluene, and such an aluminoxane may be used alo ne orin

combination of two or more kinds thereof.

[0054]

As for a use proportion of the catalyst component (A)
and the catalyst component (B), in the case of usin g the
compound (B-1) as the catalyst component (B), a mol ar ratio
rangespreferablyfrom10/1t01/100,andmorepref erablyfrom
2/1t01/10. Thecasewherethemolarratiofalls outsidethe
foregoing range is not practical because a catalyst cost per
unit mass polymer becomes high. Also, in the case of using
the compound (B-2), itisdesirable thatamolarra tioranges
preferably from 1/1to 1/1,000,000, and more prefer ably from
1/10t01/10,000. Thecasewherethemolarratiof allsoutside
the foregoing range is not practical because a cata lyst cost
per unit mass polymer becomes high. Also, each of (B-1) and
(B-2) can be used as the catalyst component (B) alo ne orin
combination of two or more kinds thereof. Also, as for the
polymerization catalyst at the production of the a-olefin
oligomerofthepresentinvention,anorganoaluminu mcompound
can be used as a component (C) in addition to the f oregoing
component(A)andcomponent(B). Here,astheorga noaluminum
compound as the component (C), a compound represent ed by the

general formula (IX) is used.

R0,ALD 5y (1X)
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dried under reduced pressure to obtain 221 g of an a-olefin oligomer. [Example 2] Reaction of
1-tetradecene Into a heat dried one-liter autoclave, 400 mL of 1-tetradecene, 1 mmole of
triisobutylaluminum, 2 gmoles of (1,1'-ethylene) (2,2'-ethylene)bis(indenyl)zirconium dichloride and 8
gmoles of tetrakispentafluorophenyl borate were charged, into which was further introduced 0.15 MPa(G)
of hydrogen. The mixture was polymerized with stirring at a temperature of 80C for one hour. After
completion of the polymerization reaction, the reaction liquid was transferred into acetone. A precipitate
was filtered andithide feeateld,ahd driedUegessedtscathikgssoup twoibigiroadb g of an a-olefin oligomer.
[0078] [Example 3] Reaction of 1-octadecene

to 10 carbon atoms; J represents a hydrogen atom, a n alkoxy
group having from 1 to 20 carbon atoms, an aryl gro up having
from6to20carbonatoms, orahalogenatom;andv represents
an integer of from 1 to 3.]

[0055]

Specific examples of the compound represented by t he
general formula (IX) include trimethylaluminum,
triethylaluminum, triisopropylaluminum, triisobutyl aluminum,
dimethylaluminum  chloride, diethylaluminum  chloride ,
methylaluminum  dichloride, ethylaluminum  dichloride ,
dimethylaluminum fluoride, diisobutylaluminum  hydri de,
diethylaluminumhydride,ethylaluminumsesquichlori de,andso
on. Ofthese,organoaluminumcompoundsinwhicha hydrocarbon
group having 4 or more carbon atoms is bonded are p referable
fromthe standpointofexcellenthigh-temperature s tability.
From the subject viewpoint, a hydrocarbon group hav ing from
4to8carbonatomsismorepreferable. Stillmore preferably,

in the case of a reaction temperature of 100
hydrocarbongrouphavingfrom6to8carbonatomsi
preferable. Theorganoaluminumcompoundmaybeuse
in combination of two or more kinds thereof.
[0056]

Itis desirable that a use proportion of the catal

component(A)andthecatalystcomponent(C)ranges
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Into a heat dried one-liter autoclave, 400 mL of 1-octadecene, 1 mmole of tri-n-hexylaluminum, 2 gmoles
of (1,1'-ethylene) (2,2'-ethylene)bis(indenyl)zirconium dichloride and 8 gmoles of
tetrakispentafluorophenyl borate were charged, into which was further introduced 0.2 MPa(G) of
hydrogen. The mixture was polymerized with stirring at a temperature of 120C for one hour. After
completion of the polymerization reaction, the reaction liquid was transferred into acetone. A precipitate
was filtered and then heated and dried under reduced pressure to obtain 210 g of an a-olefin oligomer.

[0079]

from1/1t01/10,000, more preferablyfrom1/5to1 /2,000,and
stillmore preferablyfrom1/10to 1/1,000interms ofamolar
ratio. By using the catalyst component (C), polyme rization
activity per transition metal can be enhanced. How ever, its
excessive use is not preferable because not only th e
organoaluminum compound becomes useless, but a larg e amount
of the organoaluminum compounds remain in the a-olefin
oligomer.

[0057]

Intheproductionofthe a-olefinoligomerofthepresent
invention, atleastone member ofthe catalystcomp onentscan
be supported onanappropriate carrierandused. T he kind of
the carrierisnotparticularly limited, and all of inorganic
oxidecarriers,otherinorganiccarriers,andorgan iccarriers
canbeused. Inparticular,inorganicoxidecarrie rsorother

inorganic carriers are preferable.
[0058]

Specifically, examples of the inorganic oxide carr ier
includeSiO  ,,Al ,0;,Mg0O,ZrO  ,,TIO ,,Fe ,0;,B ,05;,Ca0,Zn0,Ba0,
ThO,, and mixtures thereof, for example, silica alumina :
zeolite, ferrite, glass fiber, and the like. Of th ese, SiIO

or Al ,0; is especially preferable. Incidentally, the

inorganic oxide carrier may contain a small amount of a
carbonate, a nitrate, a sulfate, or the like. Ont he other
hand, ascarriersotherthanthose described above, therecan
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[Example 4] Reaction of a-olefins having from 20 to 24 carbon atoms Into a heat dried one-liter autoclave,
400 mL of a mixture of a-olefins having 20, 22 and 24 carbon atoms, respectively in a % ratio of 42/36/21,
1 mole of triisobutylaluminum, 2 gmolesof (1,1'-ethylene) (2,2'-ethylene)bis(indenyl)zirconium dichloride
and 8 gmoles of tetrakispentafluorophenyl borate were charged, into which was further introduced 0.15
MPa(G) of hydrogen. The mixture was polymerized with stirring at a temperature of 80C for one hour.
After completion of the polymerization reaction, the reaction liquid was transferred into acetone. A
precipitate was fiterethalifictheradgessiecharutingoaddderasshteedpressure to obiganed@0 g of an a-olefin
oligomer.

formula:MgR ' X%, whicharetypifiedbyMgClI 2,Mg(OC ,Hs) 2,and
the like, and complex salts thereof, and so on. He re, R M
represents an alkyl group having from 1 to 20 carbo n atoms,
an alkoxy group having from 1 to 20 carbon atoms, o ran aryl
grouphavingfrom6to20carbonatoms; X lrepresentsahalogen

atom or an alkyl group having from 1 to 20 carbon a toms; and
xisfrom0to2,andyisfromQto 2, provided th at(x+Y)

is equal to 2. Each R 11 and each X ! may be the same as or
differentfromeveryotherR “andeveryotherX ! respectively.
[0059]

Astheorganiccarrier,therecanbeexemplifiedp olymers
such as polystyrene, a styrene-divinylbenzene copol ymer,
polyethylene, poly-1-butene, substituted polystyren es,
polyarylates,andthelike;starch;carbon;andso on. Asthe
carrier of the catalyst which is used for the produ ction of
the a-olefin oligomer of the present invention, MgCI 2

MgCI(OC2Hs),Mg(OC 3Hk) 2,SIO ,,Al  ,0s,0rthelikeispreferable.

Also, although properties of the carrier vary depen dingupon
its kind and production method, an average particle diameter
isusuallyfrom 1to 300 pum, preferably from 10to 200 pm, and
morepreferablyfrom20t0100 pm. Whenthe particlediameter
issmall,afinepowderintheoligomerincreases, whereaswhen
the particle diameter is large, a coarse particle i n the
oligomerincreases,therebycausingaloweringofb ulkdensity
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[0080] [Example 5] Reaction of a-olefins having from 26 to 28 carbon atoms Into a heat dried
one-liter autoclave, 400 mL of a mixture of a-olefins having 26 and 28 carbon atoms, respectively in a %
ratio of 62/42, 1 mole of tri-n-hexylaluminum, 2 gmoles of (1,1'-ethylene)
(2,2'-ethylene)bis(indenyl)zirconium dichloride and 8 gmoles of tetrakispentafluorophenyl borate were
charged, into which was further introduced 0.2 MPa(G) of hydrogen. The mixture was polymerized with
stirring at a temperature of 120C for one hour. After completion of the polymerization reaction, the
reaction liquid wapltigyistiedoppeaddtonaspepifecipifate was filtered and thenedzerted and dried under
reduced pressure to obtain 160 g of an a-olefin oligomer. [0081] [ProductionExample2]Productionof
1,2 d|methyIS|Wﬂ@)'@i@lﬁé@ﬁykﬂyﬂeﬂ@%ﬁw trlmet hylsiigrathyRigek)EPsdnium dichloride
Into a 200-mL Schlenk bottle, 7 2 mol? PH imeth | r&/Iene) (2,1'-dimethylsilylene)bis(indene)
and 100 mL of a%ﬁ)l?pgtﬁ‘er Qr@ YR'Y'Aft 3%'%‘1!%%{ ﬁqﬁ)e]reafter the mixture was cooled to
-78C, 9.0 mL (1[6§6Prp| %{n%E gpdeo M‘WB Q{&Mlllthlum (n- % Eg_%on 1.6 moles/L) was
era ure Iowe

added, and the temperature wa en again returned to room temp stirring for 12

hours. ofthe specific surface area orthe pore volumefal Isoutside
the foregoing range, there may bethe casewhereth e catalyst
activityislowered. Incidentally,thespecificsu rfacearea
andtheporevolumecanbe,forexample,determined byavolume
ofanadsorbed nitrogen gasin conformity with the BET method

[see J. Am Chem Soc., 60, 309 (1983)].
[0060]

Furthermore, in the case where the carrier is an

inorganic oxide carrier, itis desirabletouseit uponbeing
burntusually atfrom 150to 1,000 °C, and preferably from 200

to 800 °C. In the case of supporting at least one member o f
the catalyst components on the carrier, it is desir able to
support at least one of the catalyst component (A) and the
catalyst component (B), and preferably both of the catalyst
component (A) and the catalyst component (B). Alth ough a
method of supporting at least one of the catalyst ¢ omponent
(A) and the catalyst component (B) on the carrier i S not
particularly limited, for example, there can be ado pted (1)
amethod of mixing atleastone of the catalystcom ponent(A)
andthe catalystcomponent(B) with the carrier; (2 )amethod
of treating the carrier with an organoaluminum comp oundora
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The solvent was evaporated off from the resulting solution, and the residual solid was washed with 20 mL
of hexane, followed by drying under reduced pressure. There was thus
guantitativelyobtainedalithiumsaltof (1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(indene) as a white
solid. [0082] Subsequently,theforegoinglithiumsaltof (1,2'-dimethylsilylene)
(2,2'-dimethylsilylene)bis(indene) (6.97 moles) was dissolved in 50 mL of tetrahydrofuran (THF) in the
Schlenk bottle, to which was then slowly added dropwise 2.1 mL (14.2 moles) of
iodomethyltriméthlpigdarmatainion tivperatmrgmoand thadntkkermigiagtirred for 12 houtse After
stirring, the solvent was distilled off, and 50 mL of diethyl ether was added. Furthermore, a saturated
ammonium chldfefdesgasiriyvablatiepshrie atrielerHibarand washed. After sBPpReatiY an aqueous

o) of (1.5 AT RADIRHES o GL A RIS AHSD S A et hylely ety (percent yield: 64
, \ ylsily methyli éjj (percent yield: 84
0,009 MBI AN ABRIRRR 09 )
the component (B) and an organoaluminum compound or a
halogen-containing silicon compound; (4) a method o f
supportingthecomponent(A)orthecomponent(B)o nthecarrier
and then mixing the supported carrier with the comp onent (B)
or the component (A); (5) a method of mixing a cata lytic
reaction product between the component (A) and the component
(B) withthe carrier; (6) amethod of allowing the carrierto
coexistatacatalyticreactionbetweenthe compone nt(A)and
thecomponent(B);andsoon. Incidentally,inthe foregoing
methods (4), (5) and (6), the organoaluminum compou nd asthe

component (C) can also be added.
[0061]

The thus obtained catalyst may be used for the

polymerization after being taken out as a solid upo n solvent
evaporation, or may be used for the polymerization asitis.
Also,intheproductionofthe a-olefinoligomerofthepresent

invention, the catalyst can be formed by carrying o ut a
supporting operation of at least one member of the component
(A)andthe component(B)onthe carrier. Forexam ple,there
can be adopted a method in which at least one membe r of the
component(A)andthecomponent(B),thecarrieran difdesired,
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hylsilylmethylindene) and 50 mL of diethyl ether were charged in a nitrogen gas stream. The mixture was
cooled to -78C, 7.4 mL (11.8 moles) of a hexane solution of n-butyllithium (n-BuLi) (1.6 moles/L) was
added, and the temperature was then returned to room temperature, followed by stirring for 12 hours.
The solvent was evaporated off from the solution after stirring, and the residual solid was washed with 40
mL of hexane, thereby obtaining 3.06 g of a diethyl ether adduct of lithium salt. This diethyl ether
adduct of lithium salt was subjected to 1H-NMR measurement, thereby obtaining the following results.

1 H-NMR (90 Mhiz piigdred8)mBtubdceEm a3t el Fod8risnt i) 25i-, 12H), 1.addedH3, 6H), 2.59 (s,
-CH2-, 4H), 3.88 (g, -CH2-, 4H), 6.2 to 7.7 (m, Ar-H, 8H) [0084] 3.06 g of the foregoing diethyl ether
adduct of lithiurAnshibersansispe adetan gbyienepasitakiis nitrogen gas stre@didethet the suspension
was cooled to -J8C. A suspension 0f 1.2 g (5,1 mqlis{} of.zircopium tetrachloride in tolyene (20 mL),
which had bee rBF@v?oﬁsﬁgp@odYHD L7880 188 AREENS SRS eto, and the tempPfature was then
returned to room ﬁem%erat rfeﬂ foll%e[g ostirring fogé TJg)(r)Hcr)s. %Qggo%ep\t ofttk}e obtained solution was

evaporated off, PRRd therea er?me residual solid was recrystallized from d?c%FoPomethane, thereby

obtaining 0.9 g £1hdare)eesesy foiallyalteyysiratie.
(1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(3-trimet hylsilylmethylindenyl)zirconium dichloride (percent
yield: 26 %). [00®RBjs yellow fine crystal was subjected to 1H-NMR measurement, thereby obtaining the
following results.

In the catalyst which is used in the production of the
a-olefin oligomer of the present invention, it is de sirable
that a use proportion of the component (B-1) and th e carrier
is preferably from 1/5 to 1/10,000, and more prefer ably from
1/10 to 1/500 in terms of a mass ratio; and itis d esirable
that a use proportion of the component (B-2) and th e carrier
ispreferablyfrom 1/0.5t01/1,000,and more prefe rably from
1/1 to 1/50 in terms of a mass ratio. In the case of using
a mixture of two or more kinds as the component (B) , itis
desirable that a use proportion of the respective c omponent
(B) andthe carrierfalls withinthe foregoing rang einterms
ofamassratio. Also, itis desirable thatause proportion
of the component (A) and the carrier is preferably from 1/5
t01/10,000,andmorepreferablyfrom1/10to1/500 . Whenthe
use proportion of the component (B) [component (B-1 ) or
component(B-2)]andthecarrier,ortheusepropor tionofthe
component (A) and the carrier, falls outside the fo regoing
range, there may be the case where the activity is lowered.

An average particle diameter of the thus prepared
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1 H-NMR (90 MHz, CDC13): 80.0 (s, -SiMe3-, 18H), 1.02, 1.12 (s, -Me3Si-, 12H), 2.51 (dd, -CH2-, 4H),
7.1to 7.6 (m, Ar-H, 8H) [0085] [Comparative Example 1] Into a heat dried one-liter autoclave, 400 mL
of 1-octadecene, 1 mole of triisobutylaluminum, 2 gmoles of (1,2'-dimethylsilylene)
(2,1'-dimethylsilylene)bis(3-trimet hylsilylmethylindenyl)zirconium dichloride and 8 gmoles of
tetrakispentafluorophenyl borate were charged, into which was further introduced 0.15 MPa(G) of
hydrogen. The mixture was polymerized with stirring at a temperature of 90C for one hour. After
completion of thepalgmetisatamigastionalheowaaiovliquid was transfefigfpirir@egfone. A precipitate
was filtered and then heated and dried under reduced pressure to obtain 200 g of an a-olefin oligomer.
[0086] [Compairativd Exabdple 2] pmatsesieetidiico ety framaldod,0000 mL of 1-decene, 1 mole of
triisobutylaluminum, 2 gmoles of a Strem's Cp*2ZrC12 complex and 8 gmoles of

tetrakispentaﬂUH%MWQ@W&@@{S?&QBSHWW@H as further introducé@2HMPa(G) of
hydrogen. The T%Hﬁmwgiﬁngéyggg;%ﬁ&mﬁo?&g%& ata temperg#lrﬁlﬁéﬂgga{%rrggbe hour. After

completion of theé polymerization reaction, the reaction liquid was transferred into acetone. A precipitate

was filtered and,ihgndfaicd anrgdegdander reduced pregRyEenia bR 2 @1Rfan a-olefin oligomer.
[0087] Physical properties of the a-olefin oligomers obtained in the foregoing Examples and

Comparative Exéinglewdedrghepolyimaraiteds¢e0dsireaswhe

nitexceeds

200 pm, there may be the case where a coarse particle in the
polymerincreases. Whenthespecificsurfacearea islessthan
20 m ?/g, there may be the case where the activity is low ered,
whereaswhenitexceeds1,000m 2/g,theremaybethecasewhere
abulkdensityofthepolymerislowered. Also,in thecatalyst
whichis used in the production of the a-olefin oligomer, an
amountofthetransitionmetalin100gofthecarr ierisusually
from 0.05to0 10 g, and especially preferably from 0 Ato2g.
When the amount of the transition metal falls outsi de the
foregoing range, there may be the case where the ac tivity is
lowered. Byachievingsupportingonthecarrierin thisway,

a polymer having an industrially advantageous high bulk
density and an excellent particle size distribution can be
obtained.

[0063]

Intheproductionmethodofthe a-olefinoligomerofthe
presentinvention,apolymerizationmethodisnotp articularly
limited, and all of methods inclusive of a slurry
polymerization method, a vapor phase polymerization method,
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[Table 1] Comparative Example 1013z4cdo 0118090-L. OOZE 9'14

9917 9131.

a block polymerization method, a solution polymeriz ation
method, a suspension polymerization method, and the like may
be adopted, withaslurry polymerization method or asolution
polymerization method being especially preferable. Asfora
polymerization condition, a polymerization temperat ure is
usuallyfrom0to 200 °C, more preferably from 20to 200 °C,and
especially preferably 70to 200 °C. Also, ause proportion of

the catalyst relative to the reaction raw material is
preferably from 1 to 10 8 and especially preferably from 100

to 10 ° in terms of a raw material monomer/the foregoing

component (A) (molar ratio).

[0064]

A polymerization time is usually from 5 minutes to 30
hours,andpreferablyfrom15minutesto25hours. Ahydrogen
pressure is usually from 0 to 10 MPa(G). In the pr oduction
methodofthe a-olefinoligomerofthepresentinvention,when
hydrogen is added, the polymerization activity is | argely
enhanced. Inconsequence thehydrogenpressureis preferably
from 0.1 to 5.0 MPa(G), and more preferably from 0. 1to1.0
MPa(G). Thelargertheadditionamountofhydrogen ,themore
enhanced the polymerization activity is. However, evenwhen
the hydrogen pressure is more than 10 MPa(G), influ ences

againsttheactivityareafew,andafaultsuchas
of production facilities, and the like is conversel

[0065]
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Inthecaseofusingapolymerizationsolvent,the recan
be used an aromatic hydrocarbon such as benzene, to luene,
xylene, ethylbenzene, decalin, and the like; an ali cyclic
hydrocarbon such as cyclopentane, cyclohexane,
methylcyclohexane,andthelike;analiphatichydro carbonsuch
as pentane, hexane, heptane, octane, and the like; a
halogenatedhydrocarbonsuchaschloroform,dichlor omethane,
and the like; and so on. Such a solvent may be use d aloneor
in combination of two or more kinds thereof. Also, the
polymerization can be carried outin the absence of asolvent

depending upon the polymerization method.
[0066]
Inthepolymerization,apolymerizationcatalystm aybe

prepared by carrying out preliminary polymerization

Although the preliminary polymerization can be, for example,
carriedoutbybringingasmallamountofanolefin intocontact
with the catalyst component, its method is not part icularly
limited, and known methods can be adopted. The ole finwhich
isusedforthepreliminarypolymerizationisnotp articularly
limited,andforexample,therecanbeexemplified an a-olefin
havingfrom3tol8carbonatoms,oramixturether eof. However,
itis advantageous to use the same olefin as the ol efin used
in the subject polymerization. Specific examples o f the
preliminary polymerization include an example in wh ich the
component (A), the component (B) and an a-olefin having from
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3tol18carbonatomsare previously broughtinto co ntactwith
eachothertoprepareapolymerizationcatalyst;an danexample
in which the component (A), the component (B), the component

(C) and an a-olefin having from 3 to 18 carbon atoms are

previously broughtinto contact with each other to prepare a
polymerization catalyst. A preliminary polymerizat ion
temperature isusuallyfrom-20to 200 °C, preferably from-10

t0130 °C,andmorepreferablyfrom0to80 °C. Inthepreliminary
polymerization, an aliphatic hydrocarbon, an aromat ic
hydrocarbon,amonomer, orthe like canbe used as asolvent.
Also,thepreliminarypolymerizationmaybecarried outinthe
absence of a solvent. Inthe preliminary polymeriz ation, it

is desirableto regulate a conditioninsuchamann erthatan
intrinsic viscosity [ n] (as measured in decalin at 135 °C) of
a preliminarily polymerized productis 0.1 dL/g or more; and
that an amount of the preliminarily polymerized pro duct per
millimole of the transition metal component in the catalyst
is from 1 to 10,000 g, and especially from 10 to 1, 000 g.
[0067]

According to the foregoing method, the foregoing

a-oligomer | or a-oligomer Il can be produced. Examples of
amethodofvaryingthecharacteristicsoftheolig omerinclude
selection of the kind and use amount of each of the catalyst
componentsandthepolymerizationtemperature,and inaddition,
polymerization in the presence of hydrogen, and so on. An
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inert gas such as nitrogen and the like may be made present.
In the production method of the present invention, when the
reaction is carried out at a high temperature, the degree of
polymerizationtendstobecomesmall,andalso,whe namonomer

having a small carbon number is used, the degree of

polymerization tends to become large.

EXAMPLES
[0068]

Next, the present invention is hereunder described in
more detail with reference tothe Examples, butit shouldnot
be construed that the present invention is limited thereto.
Measurement methods and measurement apparatuses of physical

properties are shown blow.
[0069]
[Mass ratio of dimer, trimer and tetramer]

0.05 g of asample was dissolved in 5 mL of toluen eand
subjected to gas chromatography (GC) measurement, t hereby
determining a ratio of dimer, trimer and tetramer.

GC measurement condition:

Column: HT-SIMDISTCB (5 m x 0.53 mm ¢, film thickness:
0.17 pum)

Column temperature: 50 °C (0.1 min), increased to 430 °C
at20 °C/min, 430 °C (15 min)

Injection port (COC) temperature: Oven track
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Detector (FID) temperature: 440 °C
Carrier gas: He
Linear velocity: 40 cm/sec
Mode: Constant flow
Injection amount: 0.5 ML
[0070]
[Weight average molecular weight (Mw) and molecular weight

distribution (Mw/Mn)]

Aweightaveragemolecularweightandamolecular weight
distribution were measured by means of a gel permea tion
chromatography (GPC) method (as reduced into polyst yrene).

GPC measurement apparatus:
Column: TOSO GMHHR-H(S)HT
Detector:RIdetectorforliquidchromatography, W ATERS
150C
Measurement condition:
Solvent: 1,2,4-Trichlorobenzene
Measurement temperature: 145 °C
Flow rate: 1.0 mL/min
Concentration of sample: 2.2 mg/mL
Injection amount: 160 pL
Calibration curve: Universal Calibration
Analysis program: HT-GPC (Ver. 1.0)
[0071]

[Measurement method of melting point]
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A melting point was measured using a differential

scanning calorimeter (DSC) under the following cond ition.

10 mg of a sample was kept in a nitrogen atmospher eat
-10Cfor5Sminutes;thetemperaturewasthenincre asedto190 °C
at 10 °C/min; furthermore, after keeping the sample at 190 °C
for 5 minutes, the temperature was decreased to -10 °C at
5°C/min; and after keeping the sample at-10 °Cfor 5 minutes,
the temperature was increased to 190 °Cat10 °C/min.

Atemperature of apeak of signal observedinthe final
temperatureincreasingprocesswasdefinedasamel tingpoint.
Also, two points positioning on the both sides of t he peak,
whosevaluesontheordinateareahalfvalueofth epeak,were
determined, and adistance therebetweenwasdefined asahalf

value width ( °C).
[0072]

[Content of vinylene group]

A number of terminal vinylidene groups was determi ned
bymeansofthe 'H-NMRmeasurementaccordingtoausualmethod.
A content (C) of the vinylidene group (mol%) was ca lculated
on the basis of a proportion of a side-chain methyl group
appearingatfrom 00.8to1.0andavinylidenegroupappearing
atfrom  04.8t04.6(2H)asobtainedbythe !H-NMRmeasurement.
Furthermore, a number of vinylidene groups per mole cule was
calculated from a number average molecular weight ( Mn)and a
monomermolecularweight(M)determinedbythegel permeation
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chromatography (GPC) according to the following exp ression.
Content (number) of terminal vinylidene groups per molecule
= (Mn/M)  x (C/100)

[0073]

[Production Example 1] Production of
(1,1’-ethylene)(2,2’-ethylene)bis(indenyl)zirconium

dichloride

(1) Synthesis of 1,4-bis(phenylsulfonyl)butane:

Into a three-necked flask, sodium benzenesulfonate

(75.0 g, 457 mmoles), tetrabutylammonium bromide (1 8.1 9),
benzene (30 mL) and water (40 mL) were charged, to which was
then added 1,4-dibromobutane (22.5 mL, 188 mmoles) at room
temperature. After heating the mixture at 85 °C for 8 hours,

the temperature was returned to room temperature, a nd ethyl
acetate (300 mL) was added. Anorganic layerwas s eparated,
and the organic layer was dried over anhydrous magn esium
sulfate, followed by concentration under reduced pr essure by
using an evaporator. The obtained solid was recrys tallized
from methanol to obtain a desired material. Yield: 40.3 g,

percent yield: 63.0 %.

This material was subjected to 'H-NMR measurement,
thereby obtaining the following results.

'H-NMR (CDCl 3): 1.79 to 1.82 (m, 4H), 3.05 (br, t, J =
6.6 Hz, 4H), 7.52 to 7.83 (m, 10H)

[0074]
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(2) Synthesis of 1,2-bis(2-indenyl)ethane:
1,4-Bis(phenylsulfonyl)butane (16.9 g, 50.0 mmoles
obtained above in (1) was dissolved in tetrahydrofu ran (500

mL). After cooling to O °C, 128 mL of a hexane solution of

n-butyllithium in a concentration of 1.6 moles/L

(n-butyllithium: 205 mmoles) was added. After one hour, a
tetrahydrofuransolution(500mL)ofo-xylenedichl oride(17.9
g,102mmoles)wasaddedwhilevigorouslystirring. Stirring
was continued atroomtemperature for2 hours. Aft ercooling

to -78 °C, a hexane solution (256 mL) of n-butyllithium in
concentration of 1.6 moles/L and a tetrahydrofuran solution

(250 mL) of lithium diisopropylamide prepared from

diisopropylamine (57.7 mL) were slowly added. Afte r 30
minutes, 5% hydrochloricacid (200mL)wasaddeda t0 °C. The
mixture was extracted with ethyl acetate, and a sep arated
organic layer was dried over anhydrous magnesium su Ifate.
Afterconcentrationunderreducedpressure,theres ultantwas
subjectedtoSoxhletextractionwithhexane,thereb yobtaining
a desired material. Yield: 2.0 g, percent yield: 1 5 %.
This material was subjected to 'H-NMR measurement,

thereby obtaining the following results.

!H-NMR(CDCI 3):2.82(s,4H),3.36(s,4H),6.57(s,2H),
7.11to 7.28 (m, 8H)
[0075]

(3) Synthesis of (1,1'-ethylene)(2,2’-ethylene)bis( indene):
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1,2-Bis(2-indenyl)ethane (2.0 g, 7.8 mmoles) obtai ned
abovein(2)wasdissolvedintetrahydrofuran(120 mL). After

coolingto0 °C,11.6mLofahexanesolutionofn-butyllithium

in a concentration of 1.6 moles/L (n-butyllithium: 18.6
mmoles) was added. After 30 minutes, HMPAA
(hexamethylphosphoricacidtriamide)(3.4mL,15.6 mmoles)was
added,themixturewascooledto-78 °C,anddibromoethane(0.76
mL,7.7mmoles)wasadded. Afterstirringatroom temperature
for 3 hours, water was added. After separating an organic
layer, the organic layer was concentrated under red uced
pressure by using an evaporator, and the obtained s olid was
recrystallizedfromhexane/methylenechloride(3/1) toobtain
(1,1-ethylene)(2,2'-ethylene)bis(indene). Yield: 1.0 g,

percent yield: 45 %.
This material was subjected to 'H-NMR measurement,
thereby obtaining the following results.
'H-NMR(CDCI 3):2.97(5,4H),3.05(5,4H),3.27(s,4H),
7.0to 7.4 (m, 8H)
[0076]
4) Synthesis of

(1,1’-ethylene)(2,2’-ethylene)bis(indenyl)zirconium

dichloride:

(1,1’-Ethylene)(2,2’-ethylene)bis(indene) (1.0 g, 3.5
mmoles) obtained above in (3) was dissolved in diet hyl ether
(80mL),andaftercoolingto-78 °C,4.8mLofahexanesolution
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of n-butyllithium in a concentration of 1.6 moles/L

(n-butyllithium: 7.7 mmoles) was added. The mixtur e was
stirredatroomtemperature overnight. Thediethyl etherwas
evaporated off under reduced pressure. A obtained solid was
washed with hexane to obtain a dilithium salt (1.15 g) of
(1,1-ethylene)(2,2'-ethylene)bis(indene).  This i thium
salt was dissolved in toluene (30 mL), a toluene su spension
(50 mL) of zirconium tetrachloride (0.72 g, 3.1 mmo les) was
slowly added in -78 °C, and the mixture was stirred at room
temperatureovernight. Thereactionliquidwasfil tered,and
a filtrate was concentrated under reduced pressure. The
obtained solid was recrystallized from hexane/tolue ne to
obtain (1,1’-ethylene)(2,2’-ethylene)bis(indenyl)zi rconium
dichloride. Yield: 0.60 g, percent yield: 38 %.

This material was subjected to 'H-NMR measurement,
thereby obtaining the following results.

'H-NMR (CDCl 5): 3.50 (d, 4H, -CH ,CH-), 3.76 (d, 4H,
-CH2CH-),6.49(s, 2H, olefinicproton),6.90to 7.50 (m, 8H,
benzene ring proton)

[0077]
[Example 1] Reaction of 1-decene
Intoaheatdriedone-literautoclave,400mLofl -decene,

1 mmole of triisobutylaluminum, 2

(1,1’-ethylene)(2,2-ethylene)bis(indenyl)zirconium

dichloride and 8 pmoles of tetrakispentafluorophenyl borate
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were charged, into which was further introduced 0.1 5 MPa(G)
of hydrogen. The mixture was polymerized with stir ring ata
temperature of 80 °C for one hour. After completion of the
polymerizationreaction, the reactionliquid was tr ansferred
intoacetone. Aprecipitate wasfilteredandthen heatedand
dried under reduced pressure to obtain 221 g of an a-olefin
oligomer.

[Example 2] Reaction of 1-tetradecene
Into a heat dried one-liter autoclave, 400 mL of

1-tetradecene, 1 mmole of triisobutylaluminum, 2 pmoles of

(1,1’-ethylene)(2,2-ethylene)bis(indenyl)zirconium

dichloride and 8 pmoles of tetrakispentafluorophenyl borate

were charged, into which was further introduced 0.1 5 MPa(G)
of hydrogen. The mixture was polymerized with stir ringata
temperature of 80 °C for one hour. After completion of the
polymerizationreaction, the reactionliquid was tr ansferred
intoacetone. Aprecipitate wasfilteredandthen heatedand
dried under reduced pressure to obtain 235 g of an a-olefin
oligomer.

[0078]

[Example 3] Reaction of 1-octadecene

Into a heat dried one-liter autoclave, 400 mL of
1-octadecene, 1 mmole of tri-n-hexylaluminum, 2 pmoles of
(1,1’-ethylene)(2,2’-ethylene)bis(indenyl)zirconium

dichloride and 8 pmoles of tetrakispentafluorophenyl borate
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were charged, intowhichwasfurtherintroduced0.2 MPa(G) of
hydrogen. The mixture was polymerized with stirrin gata
temperature of 120 °C for one hour. After completion of the
polymerizationreaction, the reactionliquid was tr ansferred
intoacetone. Aprecipitate wasfilteredandthen heatedand
dried under reduced pressure to obtain 210 g of an a-olefin
oligomer.
[0079]
[Example 4] Reaction of a-olefinshaving from 20to 24 carbon
atoms

Intoaheatdriedone-literautoclave, 400mLofa mixture
of a-olefins having 20, 22 and 24 carbon atoms, respect ively
in a % ratio of 42/36/21, 1 mmole of triisobutylalu minum, 2
pmoles of

(1,1’-ethylene)(2,2’-ethylene)bis(indenyl)zirconium

dichloride and 8 pumoles of tetrakispentafluorophenyl borate

were charged, into which was further introduced 0.1 5 MPa(G)
of hydrogen. The mixture was polymerized with stir ring ata
temperature of 80 °C for one hour. After completion of the
polymerizationreaction, the reactionliquidwastr ansferred
intoacetone. Aprecipitatewasfilteredandthen heatedand
dried under reduced pressure to obtain 180 g of an a-olefin
oligomer.

[0080]

[Example 5] Reaction of a-olefins having from 26 to 28 carbon
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Dimer/trimer Trimer/tetramer (0,) mod buiiiaini DSC half value width (C) Content of vinylidene group
(mol%)

atoms

Intoaheatdriedone-literautoclave, 400mLofa mixture
of a-olefins having 26 and 28 carbon atoms, respectivel yin
a % ratio of 62/42, 1 mmole of tri-n-hexylaluminum, 2 umoles
of (1,1’-ethylene)(2,2’-ethylene)bis(indenyl)zircon ium
dichloride and 8 pmoles of tetrakispentafluorophenyl borate
were charged, intowhichwasfurtherintroduced0.2 MPa(G) of
hydrogen. The mixture was polymerized with stirrin gata
temperature of 120 °C for one hour. After completion of the
polymerizationreaction, the reactionliquid was tr ansferred
intoacetone. Aprecipitatewasfilteredandthen heatedand
dried under reduced pressure to obtain 160 g of an a-olefin
oligomer.
[0081]
[Production Example 2] Production of
(1,2’-dimethylsilylene)(2,1’-dimethylsilylene)bis(3 -trimet

hylsilylmethylindenyl)zirconium dichloride

Into a 200-mL Schlenk bottle, 2.5 g (7.2 mmoles) o f
(1,2’-dimethylsilylene)(2,1’-dimethylsilylene)bis(i ndene)
and100mLofdiethyletherwerechargedinanitro gengasstream.
Thereafter, the mixture was cooled to -78 °C, 9.0 mL (14.8
mmoles) of a hexane solution of n-butyllithium (n-B uLi)
(concentration: 1.6 moles/L) was added, and the tem perature
was then again returned to room temperature, follow ed by

stirring for 12 hours.
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The solvent was evaporated off from the resulting

solution,andtheresidualsolidwaswashedwith20 mLofhexane,
followed by drying under reduced pressure. There w as thus
quantitatively obtained a lithium salt of

(1,2’-dimethylsilylene)(2,1’-dimethylsilylene)bis(i ndene)

as a white solid.

[0082]

Subsequently, the foregoing lithium salt of
(1,2’-dimethylsilylene)(2,1’-dimethylsilylene)bis(i ndene)
(6.97 mmoles)wasdissolvedin 50 mL oftetrahydrof uran(THF)
inthe Schlenkbottle,towhichwasthenslowlyadd eddropwise
2.1 mL (14.2 mmoles) of iodomethyltrimethylsilane a t room
temperature, and the mixture was stirred for 12 hou rs.

After stirring, the solvent was distilled off, and 50
mL of diethyl ether was added. Furthermore, a satu rated
ammonium chloride aqueous solution was added theret o and
washed. After separating an aqueous phase, an orga nic phase
wasdried,andthesolventwasremoved,therebyobt aining3.04
g (5.9 mmoles) of
(1,2’-dimethylsilylene)(2,1’-dimethylsilylene)bis(3 -trimet

hylsilylmethylindene) (percent yield: 84 %).

[0083]
Into a Schlenk bottle, 3.04 g (5.9 mmoles) of the
foregoing
(1,2’-dimethylsilylene)(2,1’-dimethylsilylene)bis(3 -trimet
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[0089] Comparative Examples 1 and 2 are concerned with oligomers according to a composition
distribution following the Schulz-Flory distribution, and in particular, Comparative Example 2 is
corresponding to a low molecular weight region. In this region, it is known that the dimer component is
produced to an extent in the vicinity of 50 %. On the other hand, the oligomer of the present invention has
such a characteristic feature that even when the weight average molecular weight is identical, the content
of the dimer component decreases to not more than 20 %, whereas the trimer component increases, and
it is noted that ayisitgnaitiylindeiefandzomentsdeathsirgharnaeering of melting pettagedignificantly
inhibited can be produced. INDUSTRIAL APPLICABILITY [0090] According to the present invention,
there are providea arragsiefgaskyyearor Wik misive veaaoolest it dimer componeat Wthut following the

Schulz-Flory distribution and a process for producing the same. Furthermore, according to the present
invention, there/afd Préiided’ fg 18k rb%%}ﬁéplﬁ‘imﬁfa{'?gﬁﬁvely low weightm?ﬂ?ﬂbe molecular weight

and narrow mol&gg[ﬂfi)\/e/fmbwg[m%&gwgrﬂ?qqum‘p&%ﬁpn distribution, %\ga%m@gess for producing

the same. Such an

returned to room temperature, followed by stirring for 12
hours.

The solventwas evaporated off from the solution a fter
stirring,andtheresidualsolidwaswashedwith40 mLofhexane,
thereby obtaining 3.06 g ofadiethyletheradduct oflithium
salt.

Thisdiethyletheradductoflithiumsaltwas subj ected

to 'H-NMR measurement, thereby obtaining the following
results.

'H-NMR(90MHz, THF-d8): 30.04(s,-SiMe  3,18H),0.48(s,
-Me,Si-, 12H), 1.10 (t, -CH 3, 6H), 2.59 (s, -CH 2-, 4H), 3.88

(0, -CH -, 4H), 6.2 to 7.7 (m, Ar-H, 8H)

[0084]

3.06 g ofthe foregoing diethyl etheradductofli thium
saltwassuspendedin50mLoftolueneinanitroge ngasstream,
and the suspension was cooled to -78 °C. Asuspensionof 1.2
g (5.1mmoles)of zirconiumtetrachlorideintoluen e(20mL),
whichhadbeen previously cooledto-78 °C,wasaddeddropwise
thereto, and the temperature was then returned to r oom

temperature, followed by stirring for 6 hours.

Thesolventoftheobtainedsolutionwasevaporate doff,
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Ct-olefin oligomer is useful as a wax component or a lubricating oil component. CLAIMS [Claim 1]

a-olefin oligomer comprising 90 mol% or more of an a-olefin unit having 6 or more carbon atoms and
satisfying any one of the following (1) to (3): (1) in a composition distribution where a mass ratio is

An

dimer > trimer > tetramer, a trimer/dimer mass ratio is equal to or more than a tetramer/trimer mass ratio;
(2) in a composition distribution where a mass ratio is dimer < trimer < tetramer, a trimer/dimer mass ratio

is equal to or more than a tetramer/trimer mass ratio; and (3) in a composition distribution where a

mass ratio is diaret thérisaéer; tedraseiyanalis whthe ciysedliz not more than 90 Yedffi@mass of the trimer.

[Claim 2] An a-olefin oligomer comprising 90 mol% or more of an a-olefin unit having 6 or more
carbon atoms, HihifiengEighe dherabe FREIEEILR - A8ighBEVIW)DBf not more thane3)0¥@ and a molecular

weight distributioqéMw/Mn) of not mofre than 2.0, and satisying the follo
timer/dimer ma¥§'1&f{o of 1.0 or more!'8fd crysta

(1,2’-dimethylsilylene)(2,1’-dimethylsilylene)bis(3
hylsilylmethylindenyl)zirconium dichloride (percent
26 %).

This yellow fine crystal was subjected to

measurement, thereby obtaining the following result

wing (43 fand (5):

-trimet

yield:

'H-NMR

S.

1H-NMR(90MHz,CDCI  3): 80.0(s,-SiMe  3-,18H),1.02,1.12

(s,-Me 3Si-, 12H),2.51(dd, -CH 2-,4H), 7.1t0 7.6 (m, Ar-H,

8H)
[0085]
[Comparative Example 1]

Into a heat dried one-liter autoclave, 400 mL of
1-octadecene, 1 mmole of triisobutylaluminum, 2
(1,2’-dimethylsilylene)(2,1’-dimethylsilylene)bis(3
hylsilylmethylindenyl)zirconium dichloride and 8
tetrakispentafluorophenylboratewerecharged,into
further introduced 0.15 MPa(G) of hydrogen. The mi
polymerizedwithstirringatatemperatureof90
Aftercompletionofthe polymerizationreaction, th
liquid was transferred into acetone. A precipitate
filtered and then heated and dried under reduced pr

obtain 200 g of an a-olefin oligomer.

[0086]
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(5) a dimer/trimer mass ratio is equal to or less than a trimer/tetramer mass ratio. [Claim 3] The a-olefin
oligomer according to claim 1 or 2, having a vinylidene group in a number of from 0.2 to 1.0 per
molecule. [Claim 4] A process for producing an a-olefin oligomer comprising polymerizing an a-olefin
having 6 or more carbon atoms in the presence of a polymerization catalyst containing (A) a transition
metal compound represented by the following formula (1) and (3) at least one component selected from
(3-1) a compound capable of reacting with the transition metal compound as the component (A) or a
derivative theref@dmpairatiaa Exaimpleaplex and (3-2) an aluminoxane: wherein the compound

represented by the formula (1) is a compound in a meso-symmetric form; and in the formula (1),
Intoaheatdriedone-literautoclave,400mLofl -decene,

1mmoleoftriisobutylaluminum,2 pmolesofaStrem’sCp bZrCl ,

complexand8  pmolesoftetrakispentafluorophenylboratewere

charged, into which was further introduced 0.15 MPa (G) of
hydrogen. The mixture was polymerized with stirrin gata
temperature of 90 °C for one hour. After completion of the
polymerizationreaction, the reactionliquidwastr ansferred
intoacetone. Aprecipitatewasfilteredandthen heatedand
dried under reduced pressure to obtain 90 g of an a-olefin
oligomer.
[0087]

Physical properties ofthe a-olefinoligomers obtained
inthe foregoing Examples and Comparative Examples are shown
in Table 1.
[0088]
[Table 1]
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M represents a metal element belonging to any one of the Groups 3 to 10 of the periodic
table, X represents a G-bonding ligand, and when plural Xs are present, each X may be
the same as or different from every other x, Y represents a Lewis base, and when plural
Ys are present, each Y may be the same as or different from every other Y, A represents
a crosslinking group selected from a hydrocarbon group having from 1 to 20 carbon atoms, a

halogen-containing-hydrocarbon-group-hayingfrom-1-te-20,carbon atoms, a silicon-containing
group, a germani m_rccn@ ing grqup, a tin-containing gfoup, -0-, -CO-, -S-, -SO2-, -Se-,
-NR1-, -PR1-| (DR, BRE|dArgwhd Rl pndiw Asiare the same as each other, R1
o > e |00 [CO . 3 H D L2} 3 .
represents a g:ﬁ' g&n|atdnjsahiatogen '@ hygrogalbon group having from 1 to 20
carbon atomsyinr & frAlpgentcantaining carbjor} group having from 1 to 20 carbon atoms,
g is an integerZf-from-tto-apfdrepres fiwatenceofiM) - 2], r represents an integer of
from O to 3, %E represents d group|re ented by the fallowing formula (11) or (111), and two
Es are the saf¢ §EearhblB(x| | <|xw|olo|s|82|e a2
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wherein in the formulae (II) and (lll), each R2 independently represents a group selected from a
hydrogen atom, a halogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, a
halogen-containing hydrocarbon group having from 1 to 4 carbon atoms, a silicon-containing group and a
hetero atom-containing group, when plural R2s are present, each R2 may be the same as or different
from every other R2, and a bond having a wave line represents the crosslinking group A. [Claim 5]
The process for producing an Ct-olefin oligomer according to claim 4, wherein the crosslinking group A in
the formula (1) ifpa8gjoup represented by the following formula (IV): (R3 R3 /)

ComparativeExamplesland2areconcernedwithol igomers
according to a composition distribution following t he
Schulz-Flory distribution, and in particular, Compa rative
Example 2 is corresponding to a low molecular weigh tregion.
Inthisregion,itisknownthatthedimercomponen tisproduced
to an extentin the vicinity of 50 %. On the other hand, the
oligomer of the present invention has such a charac teristic
featurethatevenwhentheweightaverage molecular weightis
identical,thecontentofthedimercomponentdecre asestonot
more than 20 %, whereas the trimer component increa ses, and
it is noted that a material in which components cau sing a
lowering of melting point are significantly inhibit edcanbe
produced.

INDUSTRIAL APPLICABILITY

[0090]

Accordingto the presentinvention, there are prov ided
an a-olefinoligomerwithasmallamountofadimercom ponent
withoutfollowingthe Schulz-Florydistributionand aprocess
forproducingthesame. Furthermore,accordingto thepresent
invention, there are provided an a-olefin oligomer having a
relatively low weight average molecular weight and narrow

molecular weight distribution value and composition

distribution, and a process for producing the same. Suchan
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\ (IV) wherein B is a skeleton of the crosslinking group and represents a carbon atom, a silicon atom,
a boron atom, a nitrogen atom, a germanium atom, a phosphorus atom, or an aluminum atom. R3is
a substituent of B and represents a hydrogen atom, a carbon atom, an oxygen atom, an aliphatic
hydrocarbon group, an aromatic hydrocarbon group, an amine-containing group, or a halogen-containing
group, and nis 1 or 2. [Claim 6] The process for producing an U-olefin oligomer according to claim 4
or 5, wherein a polymerization catalyst composed of (C) an organoaluminum component in addition to the
component (A)aprfheligompasessf(fasawssedniodaignicla  The process figsriFgshcing an U-olefin
oligomer according to any one of claims 4 to 6, wherein a polymerization catalyst obtained by previously
bringing the coPib6A@RP&N the
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component (B) and an U-olefin having from 3 to 18 carbon atoms into contact with each other is used.
[Claim 8] The process for producing an U-olefin oligomer according to claim 6, wherein a
polymerization catalyst obtained by previously bringing the component (A), the component (B), the
component (C) and an U-olefin having from 3 to 18 carbon atoms into contact with each other is used.
[Claim 9] The process for producing an U-olefin oligomer according to any one of claims 4 to 8,
wherein the reaction is carried out at a temperature of from 0 to 200C. [Claim 10] The process for
producing an U-olefin oligomer according to any ghainislaims 4 to 9, wherein the reaction is carried out
under a hydrogen pressure in the range of from 0 to 10 MPa(G). [Claim 11] The process for
producing an UFslafif Bligomer according to claim 6, wherein an organoaluminum compound having a

An a-olefin oligomer comprising 90 mol% or more of an
a-olefinunithaving6ormore carbonatomsandsati sfyingany
one of the following (1) to (3):

(1) inacompositiondistributionwhereamassrat iois
dimer>trimer>tetramer, atrimer/dimer mass rati oisequal
to or more than a tetramer/trimer mass ratio;

(2)inacompositiondistributionwhereamassrat iois
dimer<trimer<tetramer, atrimer/dimermass rati oisequal
to or more than a tetramer/trimer mass ratio; and

(3)inacompositiondistributionwhere amassrat iois
dimer<trimer>tetramer,amassofthedimerisn otmorethan
90 % of a mass of the trimer.

[Claim 2]

An a-olefin oligomer comprising 90 mol% or more of an

a-olefin unit having 6 or more carbon atoms, having aweight
average molecular weight (Mw) of not more than 9,00 Oand a
molecular weight distribution (Mw/Mn) of not more t han 2.0,

and satisfying the following (4) and (5):

(4) a timer/dimer mass ratio of 1.0 or more; and

(5) adimer/trimer mass ratio is equal to or less than
a trimer/tetramer mass ratio.
[Claim 3]

The a-olefinoligomeraccordingtoclaim1or2, having
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hydrocarbon group having 4 or more carbon atoms bonded thereto is used as the organoaluminum
compound (C). [Claim 12] The process for producing an a-olefin oligomer according to any one of
claims 4 to 11, wherein the a-olefin oligomer is an a-olefin oligomer comprising 90 mol% or more of an
a-olefin unit having 6 or more carbon atoms and satisfying any one of the following (1) to (3): Q) ina
composition distribution where a mass ratio is dimer > trimer > tetramer, a trimer/dimer mass ratio is
equal to or more than a tetramer/trimer mass ratio; (2) in a composition distribution where a mass
ratio is dimer < &vinglide telyesnp in artnimesfdifn@n012gsliapo is equal to or merentlacugetetramer/trimer
mass ratio; and (3) in a composition distribution where a mass ratio is dimer < trimer > tetramer,
amass of the ditfr&im Hot more than 90 % of a mass of the trimer. [Claim 13] The process for
producing an a-olefin oligomer according to in any one of claims 4 to 11, wherein the a-olefin oligomer is
an a-olefin oligomer cAHPFSRTIPIROASARore of anaXRIMP IHAMFAGHBRSSRgnore carbon atoms,
having a weight mer% (Zeirqn%lgcular&/\_/géggg r('é\/lvw On%gpgrgr%anna%%oso néjl a molecular weight
distribution (M\Aﬁ To Aob more than'2, , Ad Satie ing the ollowing {gf and (5): (4) a timer/dimer

mass ratio of 1. gresdneseotndl polyntelidaliBRe HHiANRS NeafalAlig igL£qual to or less thanga trimer/tetramer
mass ratio.

transitionmetalcompoundrepresentedbythefollow ingformula
() and (B) at least one component selected from (B -1) a
compound capable of reacting with the transition me tal
compound asthe component (A) oraderivative there oftoform

an ionic complex and (B-2) an aluminoxane:

— N
N

wherein

MXq Y, ()

thecompoundrepresentedbytheformula(l)isac ompound
in a meso-symmetric form; and in the formula (1),
Mrepresentsametalelementbelongingtoanyone ofthe

Groups 3 to 10 of the periodic table,

Xrepresentsa o-bondingligand,andwhenplural Xsare
present,eachXmaybethesameasordifferentfro meveryother
X,

YrepresentsaLewisbase,andwhenpluralYsare present,
each Y may be the same as or different from every o therY,

A represents a crosslinking group selected from a
hydrocarbon group having from 1 to 20 carbon atoms, a
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halogen-containing hydrocarbon group having from 1

carbon atoms, a silicon-containing group,

germanium-containinggroup,atin-containinggroup,
-S-,-SO  ,-,-Se-,-NR L-PR !-P(OR !--BR

two As are the same as each other,

to 20
a

-O-,-CO-,

1. and-AIR !-,and

R! represents a hydrogen atom, a halogen atom, a

hydrocarbon group having from 1 to 20 carbon atoms,

halogen-containing hydrocarbon group having from 1
carbon atoms,
gisanintegeroffrom 1to5andrepresents[(va
of M) — 2],
r represents an integer of from O to 3,
Erepresentsagrouprepresentedbythefollowing

(I or (II), and two Es are the same as each othe

Q)

o

3

()
Y

wherein

¥ @”N

in the formulae (I1) and (IIl), each R
represents a group selected from a hydrogen atom, a
atom, a hydrocarbon group having from 1 to 20 carbo

a halogen-containing hydrocarbon group having from
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formula

2 independently
halogen
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carbon atoms, a silicon-containing group and a hete ro

atom-containing group,

when plural R %s are present, each R 2 may be the same as
or different from every other R 2, and

a bond having a wave line represents the crosslink ing
group A.

[Claim 5]

Theprocessforproducingan a-olefinoligomeraccording
to claim 4, wherein the crosslinking group A in the formula
(1) is a group represented by the following formula (IV):

R® R®
C - > (V)
n
wherein

Bisaskeletonofthecrosslinkinggroupandrepr esents
acarbonatom, asiliconatom, aboronatom, anitr ogenatom,
a germanium atom, a phosphorus atom, or an aluminum atom.

R 3isasubstituentofBandrepresentsahydrogenat om,
acarbonatom,anoxygenatom,analiphatichydroca rbongroup,
an aromatic hydrocarbon group, an amine-containing group, or
a halogen-containing group, and

nis1or2.

[Claim 6]

Theprocessforproducingan a-olefinoligomeraccording
to claim 4 or 5, wherein a polymerization catalyst composed
of(C)anorganoaluminumcomponentinadditiontot hecomponent
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(A) and the component (B) is used.
[Claim 7]

Theprocessforproducingan a-olefinoligomeraccording
toanyoneofclaims4to6, whereinapolymerizati oncatalyst
obtained by previously bringing the component (A), the
component(B)andan a-olefinhavingfrom3to18carbonatoms
into contact with each other is used.

[Claim 8]

Theprocessforproducingan a-olefinoligomeraccording
to claim 6, wherein a polymerization catalyst obtai ned by
previouslybringingthe component(A),thecomponen t(B),the

component(C)andan a-olefinhavingfrom3to18carbonatoms

into contact with each other is used.

[Claim 9]

Theprocessforproducingan a-olefinoligomeraccording
to any one of claims 4 to 8, wherein the reaction i s carried
out at a temperature of from 0O to 200 °C.
[Claim 10]

Theprocessforproducingan a-olefinoligomeraccording
to any one of claims 4 to 9, wherein the reaction i s carried
out under a hydrogen pressure in the range of from 0to 10
MPa(G).
[Claim 11]

Theprocessforproducingan a-olefinoligomeraccording
to claim 6, wherein an organoaluminum compound havi ng a
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hydrocarbongrouphaving4ormorecarbonatomsbon dedthereto

is used as the organoaluminum compound (C).

[Claim 12]
Theprocessforproducingan a-olefinoligomeraccording
to any one of claims 4 to 11, wherein the a-olefin oligomer

is an  a-olefin oligomer comprising 90 mol% or more of an
a-olefinunithaving6ormore carbonatomsandsati sfyingany
one of the following (1) to (3):

(1) inacompositiondistributionwhereamassrat iois
dimer>trimer>tetramer, atrimer/dimermass rati oisequal
to or more than a tetramer/trimer mass ratio;

(2)inacompositiondistributionwhereamassrat iois
dimer <trimer<tetramer, atrimer/dimer mass rati oisequal
to or more than a tetramer/trimer mass ratio; and

(3)inacompositiondistributionwhereamassrat iois
dimer<trimer>tetramer,amassofthedimerisn otmorethan

90 % of a mass of the trimer.

[Claim 13]
Theprocessforproducingan a-olefinoligomeraccording
toinanyoneofclaims4to11,whereinthe a-olefinoligomer

is an  a-olefin oligomer comprising 90 mol% or more of an

a-olefin unit having 6 or more carbon atoms, having aweight
average molecular weight (Mw) of not more than 9,00 Oand a
molecular weight distribution (Mw/Mn) of not more t han 2.0,

and satisfying the following (4) and (5):
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(4) a timer/dimer mass ratio of 1.0 or more; and
(5) adimer/trimer mass ratio is equal to or less than

a trimer/tetramer mass ratio.
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