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 Sci., 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 C?&m on?nt is contained. For that reason, even when iﬁﬁurification treatment is

carried out aftePtHSBROG(ILERIS USHHUBR AL ARRBRIH Y Filbmer which is sti&¥08a 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 °°"g&g@‘H%Brﬂﬁé&;@ﬂﬂ%iﬂb‘ﬁﬁbﬁﬂﬁ%&ﬁ%&%&&a” even-numberqgigligomer (in

particular, a dimer) decreases, a 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 eXg@hHpRCUTBROEHRIRATBQEIAR W R AFBASEIG§raphy (GC). [0024Pis

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.

[0019]

In the case where the a-olefin oligomer | has a
compositiondistributionwhereamassratioisdime r>trimer
>tetramer,arelationthatatrimer/dimermassrat ioisequal
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A weight average molecular weight (Mw) of the a-olefin oligomer | is usually not more than 9,000,
preferably from 100 to 9,000, more preferably from 300 to 7,000, and especially preferably from 500 to
5,000. When the weight average molecular weight (Mw) is not more than 9,000, the viscosity does not
become excessively high, and the characteristic features as a low molecular weight material are revealed.
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 2dyrther ebrnmasitian alistinieticas betoivsst narrow, and the casfiedt ©hea compound having
desired properties increases. Incidentally, the weight average molecular weight (Mw) and the
molecular weigRefstibetiMNeViMeiidiag heaeseraiddel [RpmEats of a GPO methodh§0023] The
a-olefin oligomer Il is arz}a—olefin olir%o.m.er_ com&risin% 90 mol% or more of an a-olefin unit having 6 or
A

more carbon atBHEMEUTHE S MRTGHRUR/SIAgS! ight (Mw) of not mE#8aR'Y 000 and a
molecular el i RAIGR AMUND, LAGLITE 30hS, B S e lig (&) and 5

(4) A timer/dimer mass ratio .0 or more; and (5) A dimer/trimer mass ratio is equal to or less than
a trimer/tetrameyurasgioatited8Red is caftideigibaverrgprenolecular weight (Mwy@dtibig a-olefin oligomer
Il is preferably from 100 to 9,000, more preferably from 300 to 7,000, and especially preferably from 500
to 5,000. Whendheobghtraterage moteolddin wéigimhéwnitch netsoitee ftvaa 9,000, the viscosity does not
become excessively high, and the characteristic features as a low molecular weight material are revealed.
A molecular weitfSt8-tARRISAIMWIMAIAS SRIARSEl RO 15AR/A™S, And more preferablly from 1.1 to 1.5.
When the molecular Weighta%stribu&i n Igl\{lov\gglln is raoéuné(%re than 1.5, the compgﬁirgig(j)rafdistribution

énvironmeéntal degradatio cause 0 alow
becomes narrow,

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.raéglefin having.from 14 to 40 carbon atomsb:;tmdég which a melting

point obtained t%f) B &qa YWRAIRTHE ra\ﬂa%ocs) 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] [0021]

In the case where 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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The a-olefin 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 pressure-sensitive 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.qg., lipstick, hair oil, cream,
eyebrow pencilceyaisizadowe bittieettineh fatiedimastohpy shampoo, and haientheditioesr), a medical
material (e.g., ointment, suppository, emulsion, surgical bandage, and wet compress), stationery use
(such as crayor? pasRPREAYIIRAVEEhSE aAtPeArBemMeaPefOrgisthiglagent (for woodiMighiture, leather,
automobile, paper, confecti%[@%,ﬁan fibersgl,geiai candle, a q%ream for leather, textile oil, a confectionery

|

material, a mod&l"REAtEFAS {orReREIROMER Y RS HARhing material, wARSSARP for an insulating
material, a musg%lning,,émﬁ%r?anam@ﬁ(%&@htdqﬁ@irp{ﬁ\zing material for treg\ﬁ%a Egg a material for
, r ax,

producing a casting mold, wax coating for fruits, various kinds of grease, a ski attik dyeing, a
polishing agentrFarGaairaschMgialeEtg-ploan andiwgiageaaent for rubber, §rentug adhesive,
processed paper, a heat storage agent, an agrichemical, a fertilizer, an abrasive agent (for metals and
stainless steel) pagseoily, hereéntdsset asaregsepenelbate kyent, and a paint), aidgrthl wax, a fixing
material (for a lens and embedding), and the like. [0028] [Production method of a-olefin oligomer]

The a-olefin olidRRHEISAANE B ssCirRRhiRsealinsePsiBRiebd by using a catalj®U88Ataining a specified
transition metal. compound havh%g]cr:geg? symmetr anq for example, it can be produced by polymerizing

the foregoing a DI I thé rE)Orlesencé orA pyoﬁlorﬁn r?znéatri]oﬁngéefgﬁ/es ‘containing (A) a transition metal

compound representeg by thefelloying i9np s id) 2563 Ridgasy one component selggfed from (3-1) a
compound capable of reacting with the transition metal compound as the component (A) or a derivative
thereof to form aieriticooTalex cndlyst 2 aavainatsrerapecie®29] [0030] Theaneompound
represented by the formula (I) is a compound in a meso-symmetric form; and in the formula (1), M
represents a megly@leniaienetodtjion toRaier astRsGroups 3 to 10 of the PrRABIEG 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 f@H?S%@W@tb‘?ﬂ@‘ﬁ@'ﬁﬁ’é@?%@vﬁ?gﬁr@ﬁ_@t?glare present, each ¥ De the same as or
different from exesy Q& o r AU RSERRA&F 0% T8 Group selected 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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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-containing group, a
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. R1 represents a hydrogen atom, a halogen atom, a hydrocarbon group
having from 1 to 20 carbon atoms, or a halogen-containing hydrocarbon group having from 1 to 20 carbon
atoms. g is an integer of from 1 to 5 and represents [ (valence of M) - 2] , and r represents an integer of
from O to 3. E repeeseotsheganlig seenéspatraduiy duinielfplging formula (1) aebsk),aadd two Es are the
same as each other. Incidentally,theforegoingcompoundina meso-symmetric form :means a transition
metal compoun®&¢eFEHoiRE o droea ke GronpaEedas link the two Es WaHiB®Eh otherina (1,1 ") (

2, 2") bonding mode, [0031] [0032] .. . In the formulae (II) and (lll), R2 represents a group selected
from a hydrogefzirél)lﬁs3 ll%? ma&a%ﬁsa{?o(?ﬁfaéw&:o%%%ﬁe p having from 1 to 20°8aon atoms, a

halogen-contai@Q%Qyégﬁ]%aégﬂai H%M\?%%g&%é Fgr%egqﬁ%on atoms, a silicoq?ﬁﬂmﬁ]i&ing group and a

hetero atom-containing group. When plural R2s are present, each R2 may be the same as or different

from every othehREeheh bt reuspRHBaienrRsaAtsHPoaoNnd to the crossidingaroup A. Specific
examples of R2 are shown below. [0033]

is,sothatthe case(3)iseasilyrevealedfromth ecase(1).
Also, so far as the same monomer is concerned, the case (2)

is easily revealed by controlling the polymerizatio n
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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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
trimethylphenylagcompame thadpiedysiosd ypopeptiepyhanemsd 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 the halogbisigeRtaliittenyeieht aMebrOIRUBOHEBINGIEdIm 1 to 4 carbon atdWy¥ include a
chloromethyl group, a bromgmethyl group, a bromoethyl group, a p-fluoyophenyl group, a
p-fIuorophenylrﬁ@fﬁyﬁb@oﬂboﬁgcé',}gydiﬁﬁb‘?ﬁbh@ﬁgﬂbg%%, MAEhkFdpRenyl group, a €
3,4,5-trifluorop hgm) ) lHP& B@Me% p, a 3,5-bis(trifluoromethyl)phenyl group, and so on.
[0034] Exanr]ﬁég)?es oféﬁggsmgon%contﬁing grou%Hinclude 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)sily1 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 trlgﬂeémgrsu\yeliether group an%gﬂﬁlllke; 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 alkylamide group such as a
dimethylamide gvwmre slietbyilermidendreymds digropglaieide group, a dibutylrwidg@youp, a
dicyclohexylamide group, a methylethylamide group, and the like; an alkenylamide group such as a
divinylamide greag,(8dipropenylamide 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‘AHidIMEEYRSS s L LHHR G538 Group, a dinaphthylamide group, and
the like; an alkoxy gro%}% Lﬁ%n@g{[ﬁrﬁé‘?mgég '%%tj?{ﬁ%ﬂ| %%)(eggoup, a propoxy group, ghbutoxy group, a

phenylmethoxy group, & phenylethoxy group, an e; an aryloxy group having from 6 to 20 carbon
atoms such as g piesPeyr ghsimaddedhylphenoxy group, a dimethylphenoxy group, and the like; a
phosphide group such as a dimethyl phosphide group, a methylphenyl phosphide group, a diphenyl
phosphide grouppa4iicyclohexyl phosphide group, a dibenzyl phosphide group, and the like; an alkyl
sulfide group such as a methyl sulfide group, an ethyl sulfide group, a propyl sulfide group, a butyl sulfide

group, a hexyl sulfide §rogjithayrirgrmglecifirevgionid M otWesulfide group, gnhaledie like; an alkenyl
sulfide group such as a vinyl sulfi ou pr | sulfide group, a cyclohexenyl sulfide group, and the
like; an arylalky?(fé(ﬂﬁﬁr&%r Hﬂé)éb%‘ifé*ﬁﬁ%"f@&?ﬁﬁé”&%%%, a phenylethyl sufﬁ&%}l%@éfup, a phenylpropyl
sulfide group, apgrﬁ%d%q;’ﬁb%[ybggg&%ws}@é%@mphenyl sulfide gryipoa &ply! sulfide group, a

dimethylphenyl sulfide group, a trimethylphenyl sulfide group, an ethylphenyl sulfide group, a

propylphenyl sukidengievrightipbeid rmuléde armoightmaphihy! sulfide groupinaoreetiayinaphthyl sulfide
group, an anthracenyl sulfide group, a phenanthnyl sulfide group, and the like; a dimethyl boryl group; a

dipheny! boryl Gr60p; theliiseakiyy dessngtpoopeandessively hi 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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[0035] The crosslinking groupA in the formula (1) is preferably a group represented by the following
formula (1V). [0036] ( R3 R3) VV (IV) [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-containiraggrdup congehtoo aSpmajicuexanylies dddBearepshyosvn below. [0038jes

increases.

In the case where the trimer/dimer mass ratio is | ess
than 1.0, there is caused such a problem that as fo r liquid
oligomers,theVOCcomponentsincrease,andasfor crystalline
oligomers,themeltingpointdistributionbecomesw ide. From
the subject viewpoint, the trimer/dimer mass ratio is more

preferably 1.1 or more.

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
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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
trimethylphenyltgrampe @ncathkoleasiy gravipdaoptothdpianychieup, a biphenyl groing amaphthyl group, a
methylnaphthyl group, an anthracenyl group, a phenanthnyl group, and the like; and so on. Specific
examples of thebjakideeraginitiring hydrocaléftrotigonyse haaning ream subjectzttbon atoms include a

hi thyl , | ,.abro thyl , a p-fl henyl :
o iuoropheny TGP A SRS MER RS e bentachiorophenyt AISTLEE
3,4,5-trif|uorop%ﬂ%&%wﬁﬁgm@ﬂggmhgw -ro%%a-bis(trifluorometpy@ﬁm%%group, and so on.
e silic

[0039] Examples o on-containing group Include a monohydrocarbon-substituted silyl group

such as a methdgiltrgreneiordedainiaiyeoseens it dhritike; a dihydrocarbonwsdistitated silyl group such
as a dimethylsilyl group,adiphenylsilylgroup,andthelike;a trihydrocarbon-substituted sill?" group such as a
trimethylsilyl gréepparaietaytsitiogesupmadrip eopliseyikgrowgy, bedhahethyl(t-butyl)sjlistegroup, a
tricyclohexylsilyl group, a triphenylsilyl group, a dimethylphenylsilyl group, a methyldiphenylsilyl group, a
tritolylsilyl grou;[)(,) ﬁ]naphthylsilyl group, and the like; a hydrocarbon-substituted sill?* ether group such as
a trimethylsilyl ether group and the like; a silicon-substjtuted alkyl group such as a trimethylsilylmethyl

group and the like; a sicoR S GHGRA RIS PIRS AFSE W RO R methyisilylpheny PGPSR and the like: a
dimethylhydroswbgm%ﬁﬂgmlgiﬁwmg}]%@gmm%gﬁen Examples ¢f §hghetero

atom-containing group include an alkylamide group such as a dimethylamide group, a diethylamide
group, a diprop)daxsdeeiedRnd dibutylasiifie digeaepvilityelepwiasaidsiggoup, a methylethylamide
group, and the like; an alkenylamide group such as a divinylamide group, a dipropenylamide group, a
dicyclohexenylamnide defio haaing fhemikd tad Gealbity eongeagbinpvwbuch as a dibenzytdmide group, a
phenylethylamide group, a phenylpropylamide group, and the like; an arylamide group such as a
diphenylamide BT%%BQQ‘HTHQBHWQW &lfs WHINRERBIan alkoxy group sBIEAR, methoxy group,

an ethoxy grou opQ r a hutoxy. grou henyl etﬁoxy group, a phenylethoxy group, and
the like; an aryl%&@lgpoupéz{aa%vlﬁ%@% 3] ééq[ gg}ﬁ%ﬁe%t\gpn%s%hg Vas a phenoxy grouﬁf%emethylphenoxy

group, a dimethy|aheRstnereiandgd the like; aphesplideRmRseh abR dimethyl phosphide group, a
methylphenyl phosphide group, a diphenyl phosphide group, a dicyclohexyl phosphide group, a dibenzyl
phosphide grougptandrédike;2an alky| autidearuefauhyamamedhylzasuiftde group, an@thyl sulfide
group, a propyl sulfide group, a butyl sulfide group, a hexyl sulfide group, a cyclohexyl sulfide group, an
octyl sulfide groe®, @ndadedike; an aiRisiyil lidamerospistybrtashe vimpiedifide group, a propenyl sulfide

group, a cyclohexenyl sulfide gou% and the like; an ar%lalkﬁll sulfide group such as ag?enzyl sulfide
group, a phenyfgﬁw M '8 cﬂbc £r\8 e%{)ﬁasrﬁsﬁ@ipsm‘ﬁ 8r8 &ﬁp, and the like; atheg‘r?[] ulfide group such

as a phenyl S“'EW&(Q‘EQHF?ti&l&%dléé'gw&%%#br%ﬁlﬂmﬁméﬂpheny' sulfide growp, 3 gtimethylphenyl sulfide
group, an ethylphenyl sulfide group, a propylphenyi sulfide group, a biphenyl sulfide group, a naphthyl

sulfide group, asg@thyinapbtoyd mylbrgarer PsrircdBiiaeeY! sHifitg@ryp, a phenanthnyl sulfide group,
and the like; a dimethyl boryl group; a diphenyl boryl group; a dimethyl arsenyl group; and so on. [0040]
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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As the amine to be contained in the amine-containing group, there is exemplified an amine having from 1
to 20 carbon atoms. Specific examples thereof include alkylamines such as
cyclohexylamine,methylethylamine,dimethylamine, diethylamine, dipropyamine, dibutylamine,
dicyclohexylamine, methylethylamine, trimethylamine, triethylamine, tri-n-butylamine, and the like;
alkenylamines such as vinylamine, propenylamine, cyclohexenylamine, divinylamine, dipropenylamine,
dicyclohexenylamine, and the like; arylalkylamines such as phenylmethylamine, phenylethylamine,
phenylpropylansdeesine dom figee at;yaadhesigeiconasotigiteallbrinine, dinaphthytaimyed, and the like;
ammonia; aniline; N-methylaniline; diphenylamine; N,N-dimethylaniline;methyldiphenylamine;pyridine;
p-bromo-N,N-dFABTRYRETIiIrRN arRRIE-GIRIIEIMA FOMpAsispedRtiakamples of the trafsiebn metal

compound represented by the formula (1), there can be exemplified .
(1,1'-ethylene)(§f?‘9&ﬂmg¥%b@b%@ﬁ @?}%%’8 QG i Horide, ghtoiland

(1,1'-methyleni(3)r@,%éngmgmﬁgl)%gg{?ﬁ% %}z&rg&&%&ﬂﬁ%pride, nce wax.

(1,1'-isopropylidene)(2,2'-isoprop Is(in zir coniumdichloride,

(1,1'-ethylene)(;3qaHiro@kRiséSamsshylindenyl) zicagiit BHieheeHRge present

invention is also useful as a component for cosmeti cs(e.g.,
lipstick, hair oil, cream, eyebrow pencil, eye shad ow,
brilliantine,facialmask,hairshampoo,andhairc onditioner),
a medical material (e.g., ointment, suppository, em ulsion,
surgical bandage, and wet compress), stationery use (suchas
crayon, pastel crayon, pencil, and carbon paper), a glazing
agent (for wood, furniture, leather, automobile, pa per,
confectionery, and fibers), a candle, a cream for | eather,
textile oil, a confectionery material, a model mate rial, a
sculpture material, a leather finishing material, w ax paper
for aninsulating material, amusical instrument, a printing
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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(1,1'-ethylene)(2,2'-ethylene)-bis(4,5-benzoindenyl)zircon iumdichloride,
(1,1'-ethylene)(2,2'-ethylene)-bis(4-isopropylindenyl)zirc onium dichloride,
(1,1'-ethylene)(2,2'-ethylene)-bis(5,6-dimethylindenyl)zir conium dichloride,
(1,1'-ethylene)(2,2'-ethylene)-bis(4,7-diisopropylindenyl) zirconium dichloride,
(1,1'-ethylene)(2,2'-ethylene)-bis(4-phenylindenyl)zirconi UM dichloride,
(1,1'-ethylene)(2,2'-ethylene)-bis(3-methyl-4-isopropylind enyl)zirconium dichloride,
(1,1'-ethylene)(l@2ethylene)-bis(5,6-benzoindenyl)zircon ium dichloride, [0042]
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(indenyl) zirconiumdichloride,

(1,1'-dimethylsil{ieasi¢ o aietad\d§ilylene is(Eimelioghietenyl)zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3-n-buty lindenyl)zirconiumdichloride,
(1,1'-dimethylsilylene) (218" eIt f9f¥ﬁ§5t9§éﬁe|§6‘?§r%nbm lr‘i’ﬂfﬂl‘bgﬁ|umd|chlor|de

producedbyusingacatalystcontainingaspecified transition
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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(1,2'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3-trimet hylsilylmethylindenyl)zirconiumdichloride,
(1,1'-dimethylsilylene)(2,2'-dimethylsilylene)bis(3-phenyl indenyl)zirconiumdichloride,
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene)bis(4,5-benz oindenyl)zirconium dichloride,
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene)bis(4-isopro pylindenyl)zirconium dichloride,
(1,2'-dimethylsilylene) (2,2'-dimethylsilylene)bis(5,6-dime thylindenyl)zirconium dichloride,
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene)bis(4,7-diis opropylindenyl)zirconium dichloride,
(1,1'-dimethylsifytenahiz & edirbetiyrisilyllead)io S@rphengd ceteoxl) zirconium dichdaide, a
(1,1'-dimethylsilylene) (2,2'-dimethylsilylene)bis(3-methyl -4-isopropylindenyl)zirconium dichloride,
(1,1'-dimethylsifyegenzentginieghingligerdmiswosubdiarivmdeyYrirconium dichlofi€land the like, and
compounds obtained by substituting zirconiym in the fo_r%c’;oing comLIPounds with titanium or hafnium. As a

matter of cours&XiP8Rould HBMe condtrue A8 NAREHon mERRompbund is limited thereto. [0043]
The a-olefin 0"%%%%&##-%&{%%%@88&%% %gﬁlwgﬁﬂﬁsd by using the for, g(_)&‘tg_transition metal in
rding 10 tra etal ¢ ’

a meso-symmetric form. Acco sition m pounds in a racemic form, which have hitherto
been frequently.gsedoit wasgiiffipuit to prodeige an-pliggrner comporientgndegra mildypndition; however,
by using a transition metal compound in a meso-symmetric form, it has become possible to easily
synthesize an diigpfseareadhgisameassitioh otietal Bompounds frrepressotsarhyaetdgerfiorm, in particular, by
using a double-crosslinking type ligand, an a-olefin oligomer having a low content of dimer and having a
composition clc¥€Th ahAPeRRALIMBOVHIRT A BE SN dPAResized with highaétRA) even under a
production conditi(ﬁ)n of an ultra:low molecutlar werqg?/ t maFS(r)irql. In particular, in viehw of the fact that not

i
only the two cro&d n?l'?lérl\t& ra%%rsga}lr? fe franditioeme ra(ﬂcé’lompgund are identicraﬂfJBuzf“fhn(—%J structures of the

two groups representerbbY.&1Bihe fRsegeing frrsgelathdre identical, it becomgssppgsible to control the
stereoregularity at the time of an insertion reaction of the monomer into the catalyst, and an a-olefin

oligomer havingepretativelyvnveigM)average mepeesémtaveight and narrow mateegéar weight
distribution value and composition distribution can be produced. [0044]

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

()

¥ <i§q°

[0032]
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As the component (3-1) of the component (3), any compound 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 general formulae (V) and (VI) can be suitably used. ( [LI-R4]
Kya[Z](V) [L2] (VI) (Here, L2 is M2, R5GR6M3, R730, or [In the formulae (V) and (VI), L1 represents a
Lewis base. [Z] - represents a non-coordinating anion [Z1]- or [Z2] -, wherein [Z1] represents an anion in
which plural groups are bonded to an element, namely [M1G1G2- -Gf] - (wherein M1 represents an
element belonging to anyherferofitiae Ghoams(BI}pRLS of the periodfatabdeeatsapyefapably an element
belonging to any one of the Groups 13 to 15 of the periodic table; G1 to Gf each represents a hydrogen
atom, a haloge 865t J&IP R RNEHOGS haldRy FtaiPaedaoneab¥n atoms, a dialR{P&aRgroup having
from 2 to 40 carbon gtoms, an alko%r%ri& having from 1 to 20 carbon atoms, an aryl group having from

6 to 20 carbon SIGHRM AR AGRBR 8%8'98805Fhon atoms, an AAYYPgroup having from
7 to 40 carbon f SFORTY, M gﬁ%w]ga%m frpngo7 Jo 49 %b%rgoﬂligms, a hangen-su&;stituted
[ Oc

hydrocarbon group having from 1 to rbon atoms, an acyloxy group having from 1 to 20 carbon
atoms, an orgagmatriiRithiainy grlpaheigiaaionoreeiniiig hydrocarbon graygyhayng from 2 to 20
carbon atoms; two or more of G1 to Gf may form a ring; and f represents an integer of [ (valence of
central metal Mijheri pjuraind [Z2}-areppessetts aastnRigate baswphe Bresastedacid alone, or a
combination of a Broensted acid and a Lewis acid, having a logarithm of a reciprocal of its acid
dissociation coff&rRRThRaV YRV RBKe tRan -10, or a c%r%ﬂ@‘ét%aﬂﬁgeao‘ﬁ’a\ﬁea@i’@ which is in general
defined as a supeerrsetrop]%azg:igbr(])gI [t2021 mae/rlge (r)]grdinatgd WEh 2 ngis base. Also, Réﬁ', éepresents a
hydrogen atom, an aﬁﬁy group having from 730 W%a%éjrﬁ)atc)ms? an aryl group havn'wb from 6 to 20
carbon atoms, @palifylaryrgrour. R IRRH@kiggroup; each of RS and R6 represents a cyclopentadienyl
group, a substituted cyclopentadienyl group, an indenyl group, or a fluorenyl group; R7 represents an
alkyl group havjogdspm 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, phthalocyanine, and the like. k is an
ion valence of [L1-R4]xdmpjemef tbp frajeaesn atoimtigaidst rohfolinge & a represents arPiteger of 1 or
more; and b is equal to (k )< a). M2 is one containing an element belonging to any one of the Groups 1 to

3, 11 to 13 andA TUSF i FRRLGLIAMIBE A0 SNE R LHRE A8ement belonging to any one of the
G 7 to 12 of th iadi ifi I fL1, th b
roups 7 to 12 of the %ﬁﬂ%ﬁag@%bwﬂéﬁ%ﬁg %ﬁ?ﬁﬁ?{fﬁiﬁgq‘fb%ﬁf%np es o etg,can be

exemplified amines such as ammonia, imethylamine, diethylamine,

N-methylanilines gHisteadar ineutidNosl nsipsup e et éamine triethylamingyroup,

an ethylgroup, apropylgroup, abutylgroup,ahe xylgroup,
a cyclohexyl group, an octyl group, and the like; a n alkenyl
group suchasavinylgroup, 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
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tri-n-butylamine, methyldiphenylamine, pyridine, p-bromo-N,N-dimethylaniline,
p-nitro-N,N-dimethylaniline, and the like; phosphines such as triethyl phosphine, triphenyl phosphine,
diphenyl phosphine, and the like; thioethers such as tetrahydrothiophene and the like; esters such as
ethyl benzoate and the like; nitriles 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 benzyl
group, a trityl group, and so on; and as specific examples of R5 and R6, there can be exemplified a
cyclopentadiengrgupliayvingfeshy icycloge htachenyk groludearceihylcyclopentadienyhgtoyp, a
pentamethylcyclopentadienyl group, and so on. As specific examples of R7, there can be exemplified a
phenyl group, 9Pyl groupromprigdibx@seepy| Grolsoeegtsyl ordaHe. asaspecific examples of R8, there
can be exemplified tetraphenyl porphyrin, phthalocyanine, allyl, methallyl, and so on. Also, as specific
examples of M2 TGI8 e i‘é‘r&?plif?ed&?!%ﬁm%e Q"”Eﬁ%%rqf%" and so on; and as%pecific
examples of M3, th emplified M ' a on. Also, in [Z1]-, namely
[MlG1G2---Gﬂ%é%§ﬁm§@§r%ngﬁsgggﬁi inacILP(feﬁt%Ffjﬁré}%hép IS,BSpﬁ%nd so on, with B oé]AI being
preferable. Alsg apegificaysprudes bl angerrfadadineldeya dialkylamino groggsugh as a
dimethylamino group, a diethylamino group, and the like; an alkoxy group or an aryloxy group such as a
methoxy group e @ity graupthat) phboybgyogmwndssphliemoxy group, and 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, é@%bctyl group, an n-eicosyl group, a phenyl group, a p-tolyl group, a benzyl group, a
4-t-butylphenyl group, X3 S-Sié@egpw%hen%lo%[og ?nr}rc]i theréillje;iﬁcﬁ}l?éogee‘n atom such as fluorine, chlorine,
bromine, and iodine; a S{BPO atom-con alnlngqny F0L5P0dN gPoup Sich%s a p-fluorophenyl group, a
3,5-difluorophew&&w&gg@g@@gg@gﬂ, 1BUBscRdbantrifluorophenyl KL |pentafluorophenyl
group, a 3,5-bis(trifluoromethyl)phenyl group, ‘a bis(trimethylsilyl)methyl group, and the like; and an
organometalloidy@igyp sich gsharysgikamepiantimemdgrotie a tikaethyisilyl group, a trimethylgermyl
group, a diphenylarsinegroup,a dicyclohexylantimony group, diphenylboron group, and the like. [0046]
As specific exaflipysksasirhemenbsttrdiditing ekpeHchasaginthe conjugate basthy&Aybf 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 exempliﬂ&%}’ﬁ'triflﬁoro‘?f%’tﬁ%ﬂég)dlfmﬂﬁoﬂeid afAlsh (0BSsodkey @
b'S(t”f'“Ofometﬂfﬁ%%lfgmd?{%%l}{l&ﬂb%ﬂ’a silyfl 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.

Examplesoftheheteroatom-containinggroupinclu dean
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bis(trifluoromethanesulfonyl)benzylanion,a bis(trifluoromethanesulfonyl)amide anion, a perchloric acid
anion (0104)-, a trifluoroacetic acid anion (OF3002)-, a hexafluoroantimony anion (SbF6)-, a fluorosulfonic
acid anion (FSO03) -, a chlorosulfonic acid anion (01S03)-, a fluorosulfonic acid anion/5-fluoroanitimony
(FS03/SbF5)-, a fluorosulfonic acid anion/5-fluoroarsenic (FS03/A5F5) ,
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) &kfteimiaegianiosteydadinnstmedyrtide groopadnd of the compiettedu(Bee), there can be
exemplified triethylammonium tetraphenylborate, tri-n-butylammonium tetraphenylborate,

trimethylammogii@¥Petfapheiaperaidetetiaeihylam@ifilamide 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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tetraphenylborate, methyl(tri-n-butyl)ammonium tetraphenylborate,benzyl(tri-n-butyl)ammonium
tetraphenylborate,dimethyldiphenylammonium tetraphenylborate,triphenyl(methyl)Jammonium
tetraphenylborate, trimethylanilinium tetraphenylborate,
methylpyridiniumtetraphenylborate,benzylpyridinium tetraphenylborate,methyl(2-cyanopyridinium)
tetraphenylborate,triethylammonium tetrakis(pentafluorophenyl)borate,tri-n-butylammonium

tetrakis(pentafluorophenyl)borate,triphenylammonium

tetrakis(pentaflzotolghesnifijleormteipe tea civimthylmenghisutiide gro up, a
tetrakis(pentafluorophenyl)borate,tetraethylammonium
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.
[0035]

ThecrosslinkinggroupAintheformula(l)ispre ferably
a group represented by the following formula (V).

[0036]
<)
B T (V)
[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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tetrakis(pentafluorophenyl)borate, benzyl(tri-n-butyl)Jammonium tetrakis(pentafluorophenyl)borate,
methyldiphenylammonium tetrakis(pentafluorophenyl)borate, triphenyl(methyl)ammonium
tetrakis(pentafluorophenyl)borate,methylanilinium tetrakis(pentafluorophenyl)borate,dimethylanilinium
tetrakis(pentafluorophenyl)borate,trimethylanilinium tetrakis(pentafluorophenyl)borate,methylpyridinium
tetrakis(pentafluorophenyl)borate,benzylpyridinium tetrakis(pentafluorophenyl)borate,
methyl(2-cyanopyridinium) tetrakis(pentafluorophenyl)borate, benzyl(2-cyanopyridinium)
tetrakis(pentaflaoitoplies oy ater ondtizy ooy andyrididioegtom

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
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tetrakis(pentafluorophenyl)borate,triphenylphosphonium
tetrakis(pentafluorophenyl)borate,dimethylanilinium tetrakis[bis(3,5-ditrifluoromethyl)phenyl]borate,
ferrocenium tetraphenylborate, silver tetraphenylborate, trityl
tetraphenylborate,tetraphenylporphyrinmanganese tetraphenylborate, tetrakis(pentafluorophenyl)borate,
(1,1'-dimethylferrocenium) tetrakis(pentafluorophenyl)borate, tetrakis(pentafluorophenyl)borate,
ferrocenium decamethylferrocenium silver tetrakis(pentafluorophenyl)borate,trityl
tetrakis(pentaflgooapheny!)batiptestithsiph tetyeddp(pertaduortapheniggborate,sodium

trinydrocarbon-substituted  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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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 chain aluminoxane represented by the general formula (VII) and a cyclic
aluminoxane represented by the general formula (VIII). [0049] R9\R9 \A1-0-(41-0-11(1\ 199(VII) /w-2 '13
[0050] (In the faikedm, dRATRpoesentsaaiity tioocano@0geobpriwayving from 1 to 20toarbsucatoms, and
preferably from 1 to 12 carbon atoms, such as an alkyl group, an alkenyl group, an aryl group, an arylalkyl
group, and the AR& WW@Q@HPa@dﬁ?t%Hﬁhﬁﬂ@ﬁféé@ms%f&%age degree o¥IpOEMAEYization and is an

integer of usualgy from 2 to 50 End p{)%fereﬁ?lg from 2 to 40,

roup, and the li osphide 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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provided that each R9 maybe the same as or different from every other R9.) [0051] [0052] (In the
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 solntéhylataicentactathtpanater; (2) propthodnef addibgtgamirganoaluminum compound at the
beginning of polymerization and then adding water; (3) a method of allowing an organoaluminum
compound to reSQEARIRE water dDAAMRIAVIRAIARStal saltbingiByik@iBeabsorbed water in an
inorganic or organic material: (4) a method of aﬂ@lowing a trialkélaluminum to react with a

tetraalkyldialumfifo Q¥ RE isCHErRY AR BG HIRUN A PUAEHEY HdEire to react with WARP Hhd

methylethylamine, trimethylamine, triethylamine,
tri-n-butylamine, and the like; alkenylamines such as
vinylamine, propenylamine, cyclohexenylamine, divin ylamine,
dipropenylamine, dicyclohexenylamine, and the like;
arylalkylaminessuchasphenylmethylamine,phenylet hylamine,

phenylpropylamine, and the like; arylamines such as

diphenylamine, dinaphthylamine, and the like; ammon ia;
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 und
represented by the formula (1), there can be exempl ified
(1,1’-ethylene)(2,2’-ethylene)-bis(indenyl)zirconiu m
dichloride,

(1,2-methylene)(2,2’-methylene)-bis(indenyl)zircon ium
dichloride,

(1,1-isopropylidene)(2,2'-isopropylidene)-bis(inde nyl)zir
conium dichloride,
(1,1’-ethylene)(2,2’-ethylene)-bis(3-methylindenyl) zirconi
um dichloride,
(1,1’-ethylene)(2,2’-ethylene)-bis(4,5-benzoindenyl )zircon
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the like. Incidentally, the aluminoxane may be one insoluble in toluene, and such an aluminoxane may be
used alone or in combination of two or more kinds thereof. [0054] As for a use proportion of the
catalyst component (A) and the catalyst component (3), in the case of using the compound (3-1) as the
catalyst component (3), a molar ratio ranges preferably from 10/1 to 1/100, and more preferably 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 polymer becomes high. Also, in the case of using the compound (3-2), it is
desirable that aiumolar ratio ranges preferably from 1/1 to 1/1,000,000, and noirielqrieéerably from 1/10 to
1/10,000. The case where the molar ratio falls outside the foregoing range is not practical because a
catalyst cost pelluhiefipes bR/ Aratbeemrdistighoniery BWER of (3-1) and (3-2) ¥BANSe used as the
catalyst component (3) alone or in combination of two or more kinds thereof. AL‘ 0,.as for the
polymerization 83taiYst at the production of the a-olefin oligomer of the presgllﬁ Smg?tion, an

organoaluminum co e L Y in addition to the f ing component (A)
and componen?a(%. %ﬁ?gﬂ%@% ?ﬁ%ﬁ%%%%g%ﬂpﬂyﬁr%as the component%@}, a compound

represented by dbgigneral formula (IX) is used. RIOVAIj3 v(IX) [In the formyiidrlgerepresents an alkyl
group having from 1 to 10 carbon atoms; J represents a hydrogen atom, an alkoxy group having from 1 to
20 carbon atom(d, Hrethylege) (ih 2iaiindefre)yb 6 (b 2dicadyopyditoms, or a halogen attanykand v represents
an integer of from 1 to 3.] [0055] Specific examples of the compound represented by the general
formula (1X) inckf&@R¥Methylaluminum, triethylaluminum, triisopropylaluminMei&Shutylaluminum,

dlmethylalumlnl(|£1fbéﬂ{g/qghgs?%[aelt%g]énnuerﬁglhslt)ﬂgﬁérr]r)llﬁrt%\él%%m|numd|chIorlde,etqu)élgrlhjmlnumdlchlorlde,

um dichloride,
(1,1’-ethylene)(2,2’-ethylene)-bis(3-methyl-4-isopr opylind
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
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dimethylaluminum fluoride, diisobutylaluminum hydride, diethylaluminum hydride,
ethylaluminumsesquichloride, and so on. Of these, organoaluminum compounds in which a hydrocarbon
group having 4 or more carbon atoms is bonded are preferable from the standpoint of excellent
high-temperature stability. From the subject viewpoint, a hydrocarbon group having from 4 to 8 carbon
atoms is more preferable. Still more preferably, in the case of a reaction temperature of 100C or higher, a
hydrocarbon group having from 6 to 8 carbon atoms is still more preferable. The organoaluminum
compound mayitengiziratomenor in combination of two or more kinds thereafidioG6¢, It is desirable
that a use proportion of the catalyst component (A) and the catalyst component (C) ranges preferably
from 1/1 to 1/1dbﬂ)bdiméib)’ﬂf‘r@fl@r'&)()2 formegrasilylenelPisldd still more preferabf-B&#a 1/10 to 1/1,000 in
terms of a molar, r usm the catalyst component (C), polymerlzatlon er transition metal
can be enhancé’ép "Bxcessive use is not preferable because not ?hSP%/ organoaluminum
compound bec S - e oaluminum compou; main in the
a-olefin oligomg?’1 ﬁ) 57%%9%"% E@%rr%dﬁcﬁ%{#% i &fgf%? oligomer of the presggnﬁt Frfventlon at least
one member ofghignaatalyskeampanents can be supported on an appgpisieccarrier and used. The kind
of the carrier is not particularly limited, and all of inorganic oxide carriers, other inorganic carriers, and
organic carrierdtdandismetytkiligra)iz2dad)imshydsiidenddl@starriers or other inorgdinitiroarriers are
preferable. [0058] Peuflcally examples of the inorganic oxide carrier include 5i02, Al203, MgO,
Zr02, Ti02, Fe2ti31IRge%/ lZ4e9MtD, BaO, Tho2, and mixtures thereBCHY ERample, silica alumina,

zeolite, ferrite, glass fiber he I Zf fthe 2 O E 3 is especially prefesa Ie Incidentally, the
inorganic omdeqéafrrémﬁglagq heain Sma”nanﬁl] llJSr'wyc?fna casr Zgnate a nitrate, a su fae or the like. On the

other hand, as earrg{%RIBRYIIhACLIIGSE described above, there can jhg,exgplified magnesium
compounds represented by a general formula: MgRii"Xly, which are typified by MgCI2, Mg(002H5)2, and
the like, and compledisatsyikiyroic iR e sdimsthyleigdidibrg@aresents an alkyl groyméaying from 1 to 20
carbon atoms, an alkoxy group having from 1 to 20 carbon atoms, or an aryl group having from 6 to 20
carbon atoms; XiHegphagennahalogen atom or an alkyl group having from digbleddgarbon atoms; and x
is from O to 2, and y is from 0 to 2, provided that (x + Y) IS,’S&{IEU to 2. Each R11 and each X1 may be the

same as or dlffé?‘ehfqlr@ﬁ{@(}@\}]%?ﬁ RIS UAERPOMBISK, respectively. [0o53fethY!

-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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As the organic carrier, there can be exemplified polymers such as polystyrene, a styrene-divinylbenzene
copolymer, polyethylene, poly-1-butene, substituted polystyrenes, polyarylates, and the like; starch;
carbon; and so on. As the carrier of the catalyst which is used for the production of the a-olefin oligomer
of the present invention, Mg012, MgC1(002H5), Mg(002H5)2, Si02, Al203, or the like is preferable. Also,
although properties of the carrier vary depending upon its kind and production method, an average
particle diameter is usually from 1 to 300 gm, preferably from 10 to 200 gm, and more preferably from 20
to 100 gm. Wheothgipartiolestianistesisgsanadnsitforenperaidemin the oligomer inpeases whereas when
the particle diameter is large, a coarse particle in the oligomer increases, thereby causing a lowering of
bulk density or BIUBSRRSYMENesHERIMIst, Respbefrimsupassibliedofthe carrier is usédy from 1 to 1,000

m2/g, and preferably from 50 to 500 m2/g, and ar{)ore volume thereof is usually from 0.1 to 5 cm3/g, and
preferably from 31676 A3 RRER Dy UHLRTRHEYPRER Surface area or thPHEV8Rime falls outside

the foregoing rqﬁged tn%rgor_’g%n&]e%gg %ééﬁﬁ Wmer%{;p[ ply _aﬁg [ iﬁlowered. Incidentally, the specific

surface area and the pore vo , for example, determine a volume of an adsorbed nitrogen
gas in conformigoudih-thesSimkinaliRddana, anAm. Chem. SoeiefAoRGSHEABRIRgI0060] |
Furthermore, in the case where the carrier is an inorganic oxide carrier, it is desirable to use it upon being
burnt usually ataiom dg0eot DOAOE and pesfepblyoimmrns2ittd@00C. In the cass®tsapporting at least
one member of the catalyst components on the carrier, it is desirable to support at least one of the
catalyst compoHBHPIR) SARA ARt ASmPERENEYBINGFagsetdfably both of the cdtélf}st component (A)
and the catalyst corqy%%ﬂt u(rllia Althoui%p meth%qt.of sup orﬁlng at least one of Ehe catalyst component

(A) and the cataalg/té\f' omponen e(rBe} BIPthe CahTer e it %arﬁclﬂlarly limited, for exarra}ibcfév, there can be

adopted (1) a WHM%FW@?%H%t@%ﬂ Pretiie $iRlyst component (A) angrihiers@talyst component (B)
with the carrier; (2) a method of treating the carrier with an organoaluminum compound or a
halogen-containivag rsdiemiyechapauad sundkingryrodpsdntireetieated carrier with atdasisibane 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 2l t@oOpeve ¢ arapoerital3puirteastivriaifsadtiminum compoundhgr té®alogen-containing
silicon compound; (4) a method of supporting the component (A) or the component (3) on the carrier and

then mixing theAPPoHER eSFAANY ThéhcBif JB7A18) 'BFIAcBmponent (A); (5) h#ffethod of mixing a
catalytic reactiolrd é?{f?éjalf%g%%ee%gégﬁ&8@@%%@)&9‘1 the component (33r%/¢'mén&carrier; (6) a
a pone

method of allowing the carrier to coexist at a catalyfic reaction between the co t (A) and the
component (3); AfkIMrbIACIHSHENY réddherereaoinenmektods (4), (5) and (Gjihtherganoaluminum
compound as the component (C) can also be added. [0061] The thus obtained catalyst may be used
for the polymerizatoiatiad keing takendsefirnsigcold haangalveatiesigponation, or may be used for the
polymerization as it is. Also, in the production of the U-olefin oligomer of the present invention, the
catalyst can be WSIEHE QRIS AARIE BLRGIDHGHIA § YFRMLASIEE¥ 8t least one menH§idBf the component
(A) and the com onenﬁéS) on the carrier. For example, there can be adopted a method in which at least
one member of ﬁéﬂ@g ﬂoﬁ&??A?%%dct%@pcoo%'Bgn ?ﬁtr('%fti% &Mier and if desired, th eorganoaluminum
compound as the eprppnent (C) are added, and then an olefin such as ethylene and the like is added at
from 0.1 to 2 MPa(G), and the mixture is preliminarily polymerized at from-20 to 200C for from about one
minute to 2 houep4hgreby forming a catalyst particle. [0062] In the catalyst which is used in the
production of the a-olefin oligomer of the present invention, it is desirable that a use proportion of the
component (3-1) and theticegnempienerd(Bralitifeseniyenent(BDa0g0, and more prefemrfisyicom 1/10 to
1/500 in terms of a mass ratio; and it is desirable that a use proportion of the component (3-2) and the
carrier is preferSPIPRYFEATO B 1193560 AraRABIRSE ably from 1/1 to EAGII9 kNS of a mass ratio.
In the case of uﬂggraa}]s. ixture of twa or m%roeﬂlﬁinds as the ﬁg ponent (3), it is t%?gir%glne that a use

a I

proportion of the respe(': 'f\)/%r%%lﬁgrrlné)nqu@ na the Carner falts within the foregoing range in terms of a

mass ratio. Alsgyifd:8RpIR0IR Hira N asRECRPFIQBREMNS GaERONENt (A) and tRgLARder is preferably
from 1/5 to 1/10,000, and more preferably from 1/10 to 1/500. When the use proportion of the component
(3) [componentd@nt)adfeaonuzen@nt48e2)Y Ardrite caiitidlyarsdwe use proportion of the component (A) and
the carrier, falls outside the foregoing range, there may be the case where the activity is lowered. An
average particle diamdter offtnd thudlglephsed )
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polymerization catalyst is usually from2 to 200 gm, preferably from 10 to 150 gm, and especially
preferably from 20 to 100 Jim; and a specific surface area thereof is usually from 20 to 1,000 m2/g, and
preferably from 50 to 500 m2/g. When the average particle diameter is less than 2 gm, there may be the
case where a fine powder in the polymer increases, whereas when it exceeds 200 gm, there may be the
case where a coarse patrticle in the polymer increases. When the specific surface area is less than 20
m2/g, there may be the case where the activity is lowered, whereas when it exceeds 1,000 m2/g, there
may be the case wher¢la FUIK dgf&ity df the polymen/ig lowered. Also, in the catalyst which is used in the
production of the a-olefin oligomer, an amount of the trans ition metal in 100 g of the carrier is usually
from 0.05 to 10(jiespd-espéeiMily’ pRieRaMy Ror0.ar & 2 @fWhen the amount of the transition metal falls
outside the fore%;o'n range, gw re may be the case where the activity is lowered. By achieving supporting
on the carrier ir{fﬁheqvﬁ?gy,gf‘ﬁ YMWX\%Q an industiSRPEA0ER=0X508%gH bulk density and an

excellent partiClr%ﬁﬂé?e‘#étréb%iﬁ-%&@rﬁiﬁﬁtf?\ t.aclmgg.[E)%S] In theopfl%dug ioq,\mgllgﬂd of the a-olefin

oligomer of the present invention, a polymerization method is not particularly limited, and all of methods
inclusive of a sl pehynedaiian HERaE veh\RRaURISEURRIYreasFation method, a klegk polymerization
method, a solution polymerization method, a suspension polymerization method, and the like may be
adopted, with atsluyigrabmmeanasigivnethod @t @solutqn eahgméarivatiohrepessedibaing especially
preferable. As for a polymerization condition, a polymerization temperature is usuallty from O to 200C,
more preferablBIRORBPRCOOHT, BrM¥ PRl BrefersyP 70 &200C. Also, a us€phSportion of the
catalyst relative to 'tohae c{ggFtion aw mag?rial i B}ref rg%lx from 1 to 108, and e ooaencigllg preferably from

100 to 105 in tePmM& of & ra%x’/aﬁ%(%%% foromernhe Poreggfrr]l% component (A) NI IPatio). [0064] A

polymerization Hmﬁé’%ﬂéuaéﬂé'%fhé H?iﬂiét%%ﬁ%(ﬁg llag}&sgand preferably framy 5 migytes 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 present invespesenwizen ydicogeraemddadityepatymetnation activity is largetraphanced.
Inconsequence, the hydrogen pressure is preferably from 0.1 to 5.0 MPa(G), and more preferably from
0.1 to 1.0 MPa(GYimhtsaarder 2Acaabdnidommadialkflaginegen, the more enhanpéawig polymerization
activity is. However, even when the hydrogen pressure is more than 10 MPa(G), influences against the

activity are a fellPBrfd'a 48&?%%%’6?&9@%%&%%%%@%5 facilities, and tHQ'Mk& 1 conversely
caused. [0065] > ca" Btﬂgtgﬂ%?aﬂ%gwegu%ﬁ&}gaﬁﬁﬁﬁggosoIvent, there ca ap@oﬂa?&r?sn aromatic

hydrocarbon such as benzene, to enzene, decalin, and the like; an alicyclic
hydrocarbon sughaaa SY-PRIHARAgRERBIe2enanaIRibriRy clohexane, and theyligeign aliphatic
hydrocarbon such as pentane, hexane, heptane, octane, and the like; a halogenated hydrocarbon such
as chloroform, dichipioemitifoe) Arid dtedadcbparadopasoan Sughlikysolvent may be ligesbiglone or in
combination of two or more kinds thereof. Also, the polymerization can be carried out in the absence of a
solvent dependityiigofiafe AR MBRIOR AEISd. 30088peN-suRsHke polymerizationU&fholymerization
catalyst may be prepared by carrying out preliminary polymerization. Although the preliminary
polymerization%glﬂIr %ﬁ?’@(&@é&‘&ﬁ%%iﬁ?%ﬁ%ﬁﬁﬂ%‘& "B%mall amount O?Qﬁcﬁ%ﬁx into contact with
the catalyst coram\,iﬁafmﬁmggo@%%w@w{dgng% and known ”iﬁﬁ%%?o‘iﬂﬂ be adopted. The
olefin which is Used for thé preliminary polymerization is not particularly limited, and for example, there
can be exemplified aerer®iatmvavirghirgydoddicaikpoupiaaiss or a mixture thegreeim Blowever, it is
advantageous to use the same olefin as the olefin used in the subject polymerization. Specific examples
of the preliminaly Zbatsrizatoonsiisilode marexd@ple in which thé cormpyrferm@lingie component (3) and
an a-olefin having from 3 to 18 carbon atoms are previously brought into contact with each other to
prepare a polyrABH} RRSAENSFainEeL Kyalsnie %%ﬂf@)(the component (A8 ¥ mponent (3), the
component (C) and .an a- efin f)givin(g%from F; to 18 carborbatom§ are grev{gasly brought into contact with

. represents a conjugaté base o en .
each other to prepare a polymerizatio cata ys?. ,&)dr iminary polymerlza?lon temperature is usually from

-20 to 200C, prefesiahbn & natdithiiiion ans Brospdwaiasabiy from 0 to 80C. Injthe fgliminary
polymerization, an aliphatic hydrocarbon, an aromatic hydrocarbon, a monomer, or the like can be used
as a solvent. Alscidth@gprieigminalggpotimenzatiorenignpte oaifrries! @t in the absence of agolvent. In the
preliminary polymerization, it is desirable to regulate a condition in such a manner that an intrinsic
viscosity [1] (astihseiakencanéaalipkaaiBemaseigrdithdinarily polymerizedppodie&iss 0.1 dL/g or more;
and that an amount of 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]
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According to the foregoing method, the foregoing a-oligomer | or a-oligomer Il can be produced.
Examples of a method of varying the characteristics of the oligomer include selection of the kind and use
amount of each of the catalyst components and the polymerization temperature, and in addition,
polymerization in the presence of hydrogen, and so on. An 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 badest auadienisasied) e eeddedrafdadynsarization tends to besamengrge. EXAMPLES
[0068] Next, the present invention is hereunder described in more detail with reference to the
Examples, but R&HcRNEnot b coithese oRdingiecritbaamabarm Ri%aied thereto. Medsurement

methods and measurement apparatuses of physical properties are shown blow. %)069 [Mass ratio of
dimer, trimer anfAAEPAIS A Mo QYRR 4O0P oA SIBHE ARUBEd in 5 mL. of toll@Me dRd subjected to gas
h h : ini io of di i .GC
chromatography %ﬂ%%%%ﬂmﬁéﬂ% I@g@r@g@gg a ratio of dimer, ngetramer

measurement condition: 5 m )< 0.53 mmO, film thickness: 0.17 gm)

Column temperatry RRE é%&mhﬁ@mﬁgpbt@lﬁg@@cﬂtaoamin, 430C (15 mpPhnd R ©

represents a cyclopentadienyl group, a substituted

cyclopentadienyl group, an indenyl group, or a fluo renyl
group;R ’representsanalkylgrouphavingfrom1to20carb on
atoms,anarylgroup,analkylarylgroup,oranary lalkylgroup;

and R 8 represents a macrocyclic ligand such as tetrapheny I
porphyrin, phthalocyanine,andthelike. kisani onvalence

of[L '-R*lor[L  ?]and represents an integer of from 1 to 3;

arepresents an integer of 1 or more; and b is equa I'to (k X
a). M 2is one containing an element belonging to any one of
the Groups 1to 3, 11to 13and 17 of the periodic table; and

M represents an element belonging to any one of the Groups

7 to 12 of the periodic table.]

[0045]

Here,asspecificexamplesofL ! therecanbeexemplified
amines suchasammonia, methylamine, aniline, dimet hylamine,
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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Injection port (COC) temperature: Oven track 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

phosphine, diphenyl phosphine, and the like; thioet hers such
as tetrahydrothiophene and the like; esters such as ethyl
benzoate and the like; nitriles such as acetonitril e,
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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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]

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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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 t{rSapiT sidelsktiifopeakidamioaéoralbes on the orginaituaresalfaifosalue of the peak, were
determined, and a distance therebetween was defined as a half value width (C). [0072] [Content of
vinylene group]acid anignfhtikosastimeayvinGlene groupSias)detefiHrieguipiiteans of the 1H-NMR
measurement accqrding to a usual, m?ttlfd. A content (C) of the vinylidene group molfyo_) was calculated
on the basis of &ffoportion of a SRCHEHPIRRESNGroup appearir(l'agﬁ from 80.846°L.¢)and a vinylidene

group appearingal i 10, g 21 as qptained iy iherl MR psurement. Furthermore, a

number of vinylidene groups per molecule was calculated from a number average molecular weight (Mn)

and a monomeyomrojsciehweightlilssleiermined by the gel permeation chromatography (GPO)
according to the following expression. Content (number) of terminal vinylidene groups per molecule =

(Mn/M) X (0/200040i7 3] [ProductionExamplel]Productionof (1,1'-ethylene)

(2’ZI-ethylene)biS(indeﬂglgﬁiégggig&narﬂgmgg?%e 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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(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 sulfate, followed by concentration under reduced pressure by using an evaporator.
The obtained sokithzyisiradrysthlimedbfiom methanol to obtain a desired material. Yield: 40.3 g, percent
yield: 63.0 %. This material was subjected to 1H-NMR measurement, thereby obtaining the following
results. 1 Hatrks @naioroeery ierats, 4mstiayhoisnylant 6.6 Hz, 4H), 7/52RHM.83 (m, 10H)
[0074] (2) Synthesis of 1,2-bjs(2-in engl/gt?thane: 1,4-Bis(phenylsulfonyl)butane (16.9 g, 50.0 moles)
obtained abovet"ﬁlir?if)%@é% 1PRASARA A ofuran (500 mL). After cooling to OC, 128 mL of a hexane
solution of nbu%ﬁgwrh%@ﬁ%%ﬁgmn of 1.6 moles/L (n-butyllithium: 205 moles) was added. After
rahydrof olution (5

one hour, a tet ran 0 mL) of o-xylene dichloride (17.9 g, 102 moles) was added while

vigorously stirripgy ki amsoroptisnabatdieom temperatiegnigadiinaurs. After cooling to -78C, a
hexane solution (256 mL) of n-butyllithium in a concentration of 1.6 moles/L and a tetrahydrofuran

solution (250 mieyrekigtnantadiisoppbpyidinietprepared fromethidepilopylamine (57.7 mL) were slowly

added. After 30 minutes, 5 % hydrochloric acid (200 mL) was added at OC. The mixture was extracted

with ethyl acetd@raffie(ReskeieRN e RYARR #Ser was drdgBYE Hihydrous magnesium8liifate. After

concentration ut%ger re@ucgﬁ pressrtljée lghe reisultant was subjected to.Soxhlet extraction with hexane,
[ a PR

thereby obtaining rglase ire n|1uaqréol oP:rE.B’g, percentngl?ela:pf/é' U™ This material was subjected to

1H-NMR measykg dhershy @H}jﬁsot,g%following r‘?)%ﬂ%?;lpy_ridiniuﬂf,"jNMR (CDC13): 2.82 (s, 4H),
3.36 (s, 4H), 6.57 (s, 2H), 7.11 to 7.28°(m, 8H) [0075] (3) Synthesis of (1,1'-ethylene)
(2,2'-ethylene)hisfiakiepentafiuorophenyl)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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1,2-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 under reduced pressure by using an evaporator, and
the obtained solaralis(peatyfitalliagiceiphbdrexane/methylene chloride (B#ll) to obtain (1,1'-ethylene)
(2,2'-ethylene)bis(indene). Yield: 1.0 g, percent yield: 45 %. This material was subjected to 1H-NMR
measurement, tRERKS(RAERRHSGOPRERIIIREresults. 1H-NMRREDC13): 2.97 (5, 4H), 3.05 (5,

4H), 3.27 (s, 4H€ 7.0t 7.4ﬂ} : %%@ro’j&(g Synthesisof (1,1'-ethylen%i.

(2,2"-ethylene)BiE; ‘8@&&7]5‘2 ﬁ CRIRHRSHEE ~  (1,1-Ethylene)2,22%tiene)bis(indene) (1.0 g, 3.5
moles) obtaine | ' in.diethyl ether (80 mL), and after cooling to -78C, 4.8 mL of a
hexane solutioge?ﬁ%}%ﬂgﬁwﬁ?ﬁ%ﬁg%?i%%mion of 1.6 moles/L (n-butyllithium: 7.7 mmoles) was
added. The mixistrapManyapoipHyaidivanyteagerature overnight. The diethyl ether was evaporated off
under reduced pressure. A obtained solid was washed with hexane to obtain a dilithium salt (1.15 g) of
(1,1'-ethylene) (2ieiatiydatas)bis(ipdemd)bdiais |itventesaltiveas dissolved in tolugnkqi@demL), a toluene

suspension (50 mL) of zirconium tetrachloride (0.72 g, 3.1 moles) was slowly added in -78C, and the
mixture was stiféfat roRAtehpRIGENEAIR erfihf THERMAGRGIR was filtered, anéfa filtrate was

concentrated unFer reduceqﬂg)rr?1 sure. The ob‘la* ed solid was re rg?‘tallized from hexane/toluene to
e

obtain (1,1'-eth§ ('evr?é) (2?5{% y F\é)bigl i\ﬁecfeny5'2#86%?8%at(%bhlosrllae. Yield: 0.60 g, percent yield: 38 %.

This material WﬁﬁlﬁH@ﬁ@ﬁ%ﬁ%&MdﬂM&dﬂ&@&H?(@@%ﬁéﬁfgby obtaining the fellgwig 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, benvzensmtghatieivo) two or more 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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[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 temperature of 80C 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 221 g of an a-olefin
oligomer. [ExamppieiddReactimhRf 1-tetPadsgtetieesameasordifferentfromevery

otherR %)

[0051]

(V1)

[0052]
(Intheformula,R

general formula (VII).)

%andwarethesameasthoseintheforegoing

[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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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 and then heated and dried under reduced pressure to obtain 235 g of an a-olefin oligomer.
[0078] [Examplen8]ikeanticie iy bt anenexkrioradydaictieed one-liter autocliage|ubl® mL of
1-octadecene, 1 mmole of tri-n-hexylaluminum, 2 gmoles of (1,1'-ethylene)
(2,2'-ethylene)bistiders| gt sralimn 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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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] [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

[In the formula, R 10 represents an alkyl group having from 1

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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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 filtered and then heated and dried under reduced pressure to obtain 180 g of an a-olefin oligomer.

[0080] [Examplé&@hRactian 00a;olefs dfavandyfrom 126ttd 28 carbon /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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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 was transferred into acetone. A precipitate was filtered and then heated and dried under
reduced pressuse &xahtaifieliGag o sina eoleiio whigorapre$ed g iy mductionExamgate2dProductionof
(1,2'-dimethylsilylene) (2,1'-dimethlylsiIy_Iene)bis(:_%_—trimet hylsilylmethylindenyl)zirconium dichloride

Into a 200-mL dermet Mefe, 2 8§ (wiHichatesyriigd iy Matbthyisilylend) QC il thiRflylene)bis(indene)
and 100 mL of diethyl ether were charged in a njtrogen gas stream. Thereafter, the mixtyre was cooled to
-78C, 9.0 mL (14%' %I@éﬁo‘f%&%ﬁé’%‘ﬂﬂiﬁ?éﬁ&%ﬁfgmmit'ﬂﬂ (n-BuLi) (concentf&tiBn: 1.6 moles/L) was

added, and ther‘@éﬂ%@ﬁt@éﬁ \31%% %ngg%ma%&ozg)ﬁ%@mperature, followggoﬁfsstirring for 12

hours. The solvent was e ated off from the resulting solution, and the residual solid was

washed with 20 mbiiesenp Haliayedhy esvinadipdrateaidced pressure. Theargnimag thus
guantitativelyobtainedalithiumsaltof (1,2'-dimethylsilylene)(2,1'-dimethylsilylene)bis(indene)

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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as a white solid. [0082] Subsequently,theforegoinglithiumsaltof (1,2'-dimethylsilylene)
(2,1'-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
iodomethyltrimethylsilane at room temperature, and the mixture was stirred for 12 hours. After
stirring, the solvent was distilled off, and 50 mL of diethyl ether was added. Furthermore, a saturated
ammonium chloride aqueous solution was added thereto and washed. After separating an aqueous
phase, an orgaoippigaseyviashdpest, disbtlag satifeiwaseremoved, thereby ohtauine.04 (5.9
moles) of (1,2'-dimethylsilylene) (2,1'-dimethylsilylene)bis(3-trimet hylsilylmethylindene) (percent yield: 84
%). [0083] patsier Scisealk el ©ANFUH9 moles) of tHédaragaiiegerably from
(1,2'-dimethylsilylene)(2,1'-disnethylsil Ien%tﬁ&%-t imet hylIsilylmethylindene) and 50 mL of diethyl ether
were charged in R Ritroy&n ?9’&335%9 i ﬁ}hﬂﬁg '%88 %ﬁoy% 7.4 mL (11.8 moles) of a hexane

solution of n-buttgl,g uns %ékgqy}g b\gﬁf&qed, and thetg Wﬁ%tr%%gv&yhen returned to
llowed by stirri ri12 ho ' te

room temperature, fo irring ours. The solvent was evapor off from the solution

after stirring, anst theskrsifidalisRlie ¥ras syasheshatumienl of hexane, thereby glpatiing 3.06 g of a
diethyl ether adduct of lithium salt.

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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This diethyl ether adduct of lithium salt was subjected to 1H-NMR measurement, thereby obtaining the
following results. 1 H-NMR (90 MHz, THF-d8): 80.04 (s, -SiMe3, 18H), 0.48 (s, -Me2Si-, 12H), 1.10 (t,
-CH3, 6H), 2.59 (s, -CH2-, 4H), 3.88 (q, -CH2-, 4H), 6.2 to 7.7 (m, Ar-H, 8H) [0084] 3.06 g of the
foregoing diethyl ether adduct of lithium salt was suspended in 50 mL of toluene in a nitrogen gas stream,
and the suspension was cooled to -78C. A suspension of 1.2 g (5.1 moles) of zirconium tetrachloride in
toluene (20 mL), which had been previously cooled to -78C, was added dropwise thereto, and the
temperature wasatbgenretumaédrig rsiliicoriecupasatune, doliowsth byisimgng for 6 hours. e solvent of the
obtained solution was evaporated off, and thereafter, the residual solid was recrystallized from
dichloromethanée@tR¥eBlisbtaiRRideo s eI wriIeshecayellow fine crystal nent(A)
(1,2'-dimethylsilylene)(2,1'-dimethylsil Iene?ét])ésf,-t imet hylsilylmethylindenyl)zirconium dichloride (percent
yield: 26 %). Xndrﬁg MR @?/i’i‘aﬂ}v . l?&rggfgd(% TI}/HRIMR measuremertt ¥ &feby obtaining the
following result%mo iné Me%eﬁg MEZ. G %%b%%é’n@wt'gwwe?’" 18H), 1'02’)339@6?' -Me3Si-, 12H),
1. m, 0085] [Co

2.51 (dd, -CH2-, 4H), 7.1 to 7.6 Ar-H, 8H mparative Example 1] nto a heat dried
one-liter autoclawe, 469 FBherft L(BFtagecere okgantRuohiiisabuyiapsuiiuns 2 gmoles ofy
(1,2'-dimethylsilylene) (2,1'-dimethylsilylene)bis(3-trimet hylsilylmethylindenyl)zirconium dichloride and 8
gmoles of tetrakislogetaftaotaiphrenykitiooate wenpahvaliged,) into wiktiowas further introduded 0.15 MPa(G)
of hydrogen. The mixture was polymerized with stirring at a temperature of 90C for one hour. After

completion of R PRINARENESENH ARSEHANOBRESRARERSHERIR was transferreiNRE8HEEtone. A precipitate
was filtered and traeﬂ heated apd dried %nger reduc%j Rressure to obtain 200 g of an g-olefin oligomer.
andt ith't onent (B)

enmixing the supported carrier w ecomp
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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[0086] [Comparative Example 2] Into a heat dried one-liter autoclave, 400 mL of 1-decene, 1 mole of
triisobutylaluminum, 2 gmoles of a Strem's Cp*2ZrC12 complex 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 the polymerization reaction, the reaction liquid was transferred into acetone. A precipitate
was filtered and then heated and dried under reduced pressure to obtain 90 g of an a-olefin oligomer.
[0087] Physitabpyapestiasinkithe ampledindcaligte e ssrplotedne (Opaihe foregoingeExartles and
Comparative Examples are shown in Table 1. [0088] [Table 1] Comparative Example

and then an olefin such as ethylene and the like is added at
from 0.1 to 2 MPa(G), and the mixture is preliminar ily
polymerized at from -20to 200 °Cfor from about one minute to

2 hours, thereby forming a catalyst particle.

[0062]

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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polymerizationcatalystisusuallyfrom2to200 pum,preferably

from 10 to 150 um, and especially preferably from 20 to 100

um; and a specific surface areathereofis usually f rom20to
1,000m ?/g,andpreferablyfrom50to500m 2/g. Whentheaverage
particlediameterislessthan?2 pm,theremaybethecasewhere
afinepowderinthepolymerincreases,whereaswhe 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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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
abovein(2)wasdissolvedintetrahydrofuran(120

coolingto0 °C,11.6mLofahexanesolutionofn-butyllithium

in a concentration of 1.6 moles/L (n-butyllithium:

mmoles) was added. After 30 minutes, HMPAA
(hexamethylphosphoricacidtriamide)(3.4mL,15.6
added,themixturewascooledto-78 °C,anddibromoethane(0.76
mL,7.7mmoles)wasadded. Afterstirringatroom

for 3 hours, water was added. After separating an
layer, the organic layer was concentrated under red
pressure by using an evaporator, and the obtained s
recrystallizedfromhexane/methylenechloride(3/1)
(1,1-ethylene)(2,2'-ethylene)bis(indene). Yield:

percent yield: 45 %.

mL). After

mmoles)was

temperature

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

(1,1’-Ethylene)(2,2’-ethylene)bis(indene) (1.0 g,

mmoles) obtained above in (3) was dissolved in diet

(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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1 EE EEO Transition metal compound u!'le10-10 Average molecular weight (Mw) Molecular weight
distribution (Mw/Mn) Conversion (% by mass) Trimer

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 pmoles 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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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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[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 a materiddnsolvieht coazpeveptsatadsuft adowdringesfuitiaging point are significantly
inhibited can be produced. INDUSTRIAL APPLICABILITY [0090] According to the present invention,
there are providilHANROENArBHtbIRee iR asRecHMBht of a dimer compbe&iRXARAout following the

Schulz-Flory di?trllbutiorhagga process for producing the szEJme. Furthermore, accordén to the present
invention, there' MR fSFOUSEYIP A BRSAA S A FeRiiy d PEf&illely low weight aR2fAYR molecular weight

and narrow mol(%:%ﬂ{a\{s{?%t disgm%% valugiland qmﬂsitiorggitstribugpn, and a process for producing
the same. Such'an Ct-olefin oligomer is useful as a wax component or a lubricating oil component.
CLAIMS [Claim(1]>'-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)was dissolvedin 50 mL of tetrahydrof 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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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) 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.
[Claim 2] Anyssibliefietioligaiaes emnpoisingfa@mmgBtherwmeore of an a-olefinnasitdrgehg 6 or more
carbon atoms, having a weight average molecular weight (Mw) of not more than 9,000 and a molecular
weight distributiora (Nvagsn) gstseitenote thamXxQramds avofgitg the following (4)ca@ (5§, (4) a

imerhtetramer hisGh oS AR o A GRR AU SEBrcing 10 oaim 1 W9V Raving
(n-BuLi)(1.6moles/L)wasadded,andthetemperatu rewasthen
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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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
() 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 thereof to form an ionic complex and (3-2) an
aluminoxane: wherein the compound represented by the formula (I) is a compound in a
meso-symmetriariotiveraatian the fesiduta $hlid wadteepraadiats a metal element ldrging 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 XigRlgreaeieasenibeistyr ehtrindia 688 Evadyufdr x, Y repred@ifisa Lewis base, and

when plural Ys arﬁ Bvresent, eachY ma}?/ be the same as or different from every ?ther Y,
yello fine crystal 0

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

This yellow fine crystal was subjected to H-NMR
measurement, thereby obtaining the following result S.

'H-NMR(90MHz,CDCI 3): 30.0(s,-SiMe  5-,18H),1.02,1.12
(s,-Me  3Si-, 12H), 2.51 (dd, -CH »-,4H),7.1t07.6 (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 pmoles of
(1,2’-dimethylsilylene)(2,1’-dimethylsilylene)bis(3 -trimet
hylsilylmethylindenyl)zirconium dichloride and 8 pmoles of
tetrakispentafluorophenylboratewerecharged,into whichwas
further introduced 0.15 MPa(G) of hydrogen. The mi xture was
polymerizedwithstirringatatemperatureofo0 °Cforonehour.
Aftercompletionofthe polymerizationreaction, th ereaction
liquid was transferred into acetone. A precipitate was
filtered and then heated and dried under reduced pr essureto
obtain 200 g of an a-olefin oligomer.

[0086]
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A represents a crosslinking group selected 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-containing group, a 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, R1 represents a hydrogen atom, a
halogen atom, a hydrocarbon group having from 1 to 20 carbon atoms, or a halogen-containing
hydrocarbon group having from 1 to 20 carbon atoms, g is an integer of from 1 to 5 and represents
[(valence of M) [C2inpeeatiesditamaplégger of from O to 3, E represents a group represented by the
following formula (1) or (111), and two Es are the same as each other: wherein in the formulae (I1) and
(1), each R2 indepetidentigaihrianadiiegriopa@«deatain a hydrogen atom; @eRafyen atom, a

hydrocarbon group having from 1 to 20 carbon atoms, a halogen-containing hydrocarbon group having
from 1 to 4 1mmoleoftriisobutylaluminum,?2 pmolésofaStrem’sCp GZrCl »

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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when

carbon atoms, a silicon-containing group and a hetero atom-containing group,

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

B is a skeleto
boron atom,
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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, 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) and the component (B) is used. [Claim 7] The process for producing an U-olefin
oligomer according to any one of claims 4 to 6, wherein a polymerization catalyst obtained by previously
bringing the conf@agngnt (A), the 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 fofhRariaitRiemBlgstassiZarrePrsepredivtia bringing the @PAESARent (A), the

component (B), the C(ﬁrr]n onent (%:3 and an U-olefi havingf éfom_S tot18 carbon atoms ir‘ﬁ% contact with

each other is u&s§°" to a mposition distribution lowing
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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[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 one of claims 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 U-olefin oligomer according to claim 6, wherein an organoaluminum compound having a
hydrocarbon group having 4 or more carbon atoms bonded thereto is used as the organoaluminum
compound (C). {Cdainmdigjomerisiizemrasassdesmpodesiagaan a-olefin oligomepasaniging 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 ha¥ih§BWORRITe 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;
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(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 dimer < trimer > tetramer, amass of the dimer is not 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 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 natLimide 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/tetraméflasdd ratio.

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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avinylidenegroupinanumberoffrom0.2to1.0p ermolecule.

[Claim 4]

Aprocessforproducingan a-olefinoligomercomprising
polymerizingan a-olefinhaving 6 or more carbonatomsinthe
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:

— 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
n atoms,
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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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