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DESCRIPTION

COPOLYMER, RUBBER COMPOSITION, RUBBER COMPOSITIONOR
TIRE SIDE USE, CROSSLINKED RUBBER COMPOSITION ANDIRE

TECHNICAL FIELD
[0001] The present invention relates to a copolymer obajegated diene
compound and a non-conjugated olefin (a conjugaliede
compound/non-conjugated olefin copolymer), a rubbemposition, a rubber
composition for tire side use, a crosslinked rubbemposition and a tire, and
in particular, to a copolymer of a conjugated diemenpound and a
non-conjugated olefin used for manufacturing a reibwith low heat
generation properties and excellent in heat rests#aozone resistance
(weather resistance) as well as crack growth rasist, a rubber composition
containing the copolymer, a rubber composition tioe side use using the
rubber composition for tire sidewall members, assiinked rubber
composition obtained by crosslinking the rubber position, and a tire using

the rubber composition or the crosslinked rubbemposition.

BACKGROUND ART
[0002] At least two different monomers can be polymerizedhe same
polymerization system so as to generate a copolyma®ing those different
monomer units arranged as repeating units in orgnper chain. However,
no report has been made on the content of 1,2 addhits (including 3,4
adduct units) of the conjugated diene compound im#é copolymer obtained
by polymerization reaction of a conjugated dienenpound and a
non-conjugated olefin (the content of 1,2 adducitsiincluding 3,4 adduct
units) of the conjugated diene compound in a ueitived from the conjugated
diene compound).
[0003] For example, JP 2000-154210 A (PTL 1) disclosestalyst for
polymerizing conjugated dienes that contains agiaon metal compound of
group IV of the periodic table having a cyclopen&te ring structure. PTL
1 disclosesx-olefins such as ethylene as monomers which can be
copolymerized with a conjugated diene. PTL 1, heere does not at all
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refer to the content of 1,2 adduct units (includi@g adduct units) of the
conjugated diene compound unit in a copolymer, #rede is no teaching or
suggestion that a rubber composition with low hgateration properties and
excellent in heat resistance and ozone resistaweather resistance) may be
obtained by controlling the content of 1,2 adduntts (including 3,4 adduct
units) to be 3% or less.

In addition, JP 2006-249442 A (PTL 2) disclosesatatyst for polymerizing
olefins that is composed of a transition metal compd such as a titanium
compound and a co-catalyst. PTL 2 also disclosespolymer of an

a-olefin and a conjugated diene compound. PTL 2Zyéner, does not at all
refer to the content of 1,2 adduct units (includi®ig adduct units) of the
conjugated diene compound unit in the copolymed #rere is no teaching or
suggestion that a rubber composition with low hgateration properties and
excellent in heat resistance and ozone resistaweather resistance) may be
obtained by controlling the content of 1,2 adduntts (including 3,4 adduct
units) to be 3% or less.

Further, JP 2006-503141 A (PTL 3) discloses a cypmelr of ethylene and
butadiene that is obtained by synthesizing ethylené butadiene as a starting
material by means of a special organic metal complg a catalytic
component. However, PTL 3 merely refers to thet that butadiene, a
monomer, is inserted into the copolymer in the fary
transformer-1,2-cyclohexane and does not at akréd the content of 1,2
adduct units (including 3,4 adduct units) of thenpmated diene compound
unit in the copolymer. There is no teaching or gestion that a rubber
composition with low heat generation properties @xdellent in heat
resistance and ozone resistance (weather resistamay be obtained by
controlling the content of 1,2 adduct units (inciligl 3,4 adduct units) to be 5
% or less.

[0004] In addition, JP 11-228743 A (PTL 4) discloses aefim-rich,
olefin-diene copolymer. PTL 4 discloses an unsated elastomer
composition that is composed of an unsaturatedimibésed copolymer and
rubber and used for obtaining a vulcanizate excella heat resistance and so
on. PTL 4 also refers to a ratio of the double ¢®imn the side chain derived
from 1,2 adduct units (including 3,4 adduct unitg)the double bonds in the
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main chain derived from 1,4 adduct units. PTL dwever, fails to provide
any teaching or suggestion of the cis content ainglwontent of the
olefin-diene copolymer, or the use of a copolymentaining 1,2 adduct units
(including 3,4 adduct units) of the conjugated ciemompound unit in an
amount of 5% or less. Moreover, PTL 4 does not provide anyhteag or
suggestion that a rubber composition with low hgateration properties and
excellent in heat resistance and ozone resistaweather resistance) may be
obtained by controlling the content of 1,2 adduntts (including 3,4 adduct
units) to be the content% or less.

[0005] In addition, JP 2000-086857 A (PTL 5) disclosesuaaldiene polymer
that has a vinyl content (vinyl bond content) &b6a cis conten% of 92 %
and an ethylene content of% or 9 %, and that is used for obtaining a rubber
composition excellent in low temperature rebounsilience and so on. PTL
5, however, does not provide any teaching or suggeshat a rubber
composition with low heat generation properties axdellent in heat
resistance and ozone resistance (weather resistanodtained by using a
copolymer in which the content of 1,2 adduct ur{itcluding 3,4 adduct
units) of the conjugated diene compound unit % Br less.

[0006] Furthermore, JP 2000-154279 A (PTL 6) disclose®mjugated
diene-based rubber composition that contains awgated diene-based
polymer segment having a cis conté&atof 40 % or more and that is used for
obtaining a rubber composition excellent in low fenature rebound
resilience and so on. PTL 6 also discloses exampfeolybutadiene having
a 1,2-vinyl bond content of 9%. Moreover, PTL 6 discloses a rubber
composition containing: a butadiene—ethylene blookolymer having a cis
content of 92% and ethylene segments in an amount of 4.8 faskthe

total; polybutadiene having a cis content of 9%2nd a vinyl content of 2.5
%; and carbon black N220. PTL 6, however, doesprovide any teaching
or suggestion that a rubber composition with lovathgeneration properties
and excellent in heat resistance and ozone resisté@mweather resistance) may
be obtained by using a copolymer in which the cohi& 1,2 adduct units
(including 3,4 adduct units) of the conjugated ciemompound unit is %6 or
less.



10

15

20

25

30

[0007] Additionally, in response to increasing social dews for energy and
resource saving, there is an increasing need faubder material that is
excellent in weather resistance and crack growtistance to meet the
requirements for improving durability of tires imder to reduce fuel
consumption of automobiles. In addition, in viewtbe recent surge in price
of butadiene, it is expected that the price of maaterials will even more
dramatically rise in the future. As such, theraiseed to make use of
inexpensive olefin resource even in tire materials.

To address this issue, some techniques have bemioped to improve
weather resistance by blending an ethylene—prom#direne rubber (EPDM)
containing olefin as a principal component. Theésehniques, however,
suffer from drawbacks, such as poor compatibilityhwconjugated dienes,
lower crack growth resistance, and so on (seeegkample, JP 2000-063639 A
(PTL 7)).

[0008] In addition, applying a copolymer of a conjugatddrte and a
non-conjugated olefin to the compounded rubber Itesa fewer double
bonds in the conjugated diene unit (the unit dedii'®m the conjugated diene
compound) in the copolymer as compared with conjeadgolymers, and
therefore, improved ozone resistance. In additiome of the characteristics
other than ozone resistance required when a rubberposition is applied to
various applications (such as tires, conveyor beftanti-vibration rubber)
includes good crack growth resistance.

It is well known that coordination anionic polymeaition using catalyst
systems represented by a Ziegler-Natta catalyswedlfor
homopolymerization of olefins and dienes. Howevémas difficult to
provide efficient copolymerization of olefins antedes using such
polymerization systems.

To deal with these issues, PTL 1-6 disclose theeafentioned techniques,
but fail to teach or suggest that a rubber whiclexsellent in ozone resistance
(weather resistance) and crack growth resistanceg Imeaobtained by mixing a
conjugated diene-based polymer with a conjugatecheli
compound/non-conjugated olefin copolymer in whibtle tontent of 1,2
adduct units (including 3,4 adduct units) of thenpmated diene compound in

a unit derived from the conjugated diene compoun8 % or less.
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SUMMARY OF INVENTION
(Technical Problem)
[0010] In view of the above, an object of the present mven is to provide:
a copolymer of a conjugated diene compound andreagomjugated olefin,
which is used for manufacturing a rubber with loeal generation properties
and excellent in heat resistance, ozone resistéweather resistance) as well
as crack growth resistance; a rubber compositiomaioing the copolymer; a
rubber composition for tire side use using the mibbomposition for tire
sidewall members; a crosslinked rubber compositbtained by crosslinking
the rubber composition; and a tire manufacturedubyng the rubber
composition or the crosslinked rubber composition.
(Solution to Problem)
[0011] The inventors of the present invention have madensive studies to
achieve the above-described object and found thadpolymer in which the
content of 1,2 adduct units (including 3,4 addupits) in a unit derived from
the conjugated diene compound i$bor less may be obtained by
polymerizing a conjugated diene compound and a comugated olefin in the
presence of a specific catalyst. The present ihe@nhas been completed
based on this finding.
[0012] That is, a copolymer according to the present ina@mnis a
copolymer of a conjugated diene compound and acumrjugated olefin, in
which the content of 1,2 adduct units (including 3nits) in a unit derived

from the conjugated diene compound i%5or less.
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[0013] In the copolymer of the present invention, a urgtided from the
conjugated diene compound preferably has a cisbbd content of more
than 50 mode.

[0014] In the copolymer of the present invention, the eoritof a unit
derived from the non-conjugated olefin is greateart 0 mo% and not more
than 50 maode.

[0015] The copolymer of the present invention preferabdg fa
polystyrene-equivalent average-weight molecularghe¢iof 10,000 to
10,000,000.

[0016] The copolymer of the present invention preferab&g la molecular
weight distribution (Mw/Mn) of 10 or less.

[0017] In the copolymer of the present invention, the rammjugated olefin
is preferably an acyclic olefin.

[0018] In the copolymer of the present invention, the rammjugated olefin
has 2 to 10 carbon atoms.

[0019] In the copolymer of the present invention, the rammjugated olefin
is preferably at least one selected from the groopsisting of ethylene,
propylene and 1-butene, and is more preferably letis.

[0020] In the copolymer of the present invention, the umgted diene
compound is preferably at least one selected frobengroup consisting of
1,3-butadiene and isoprene.

[0021] A rubber composition according to the present inw@mincludes the
copolymer of the present invention.

[0022] The rubber composition according to the preseneirtion further
includes a conjugated diene-based polymer.

[0023] The rubber composition of the present inventiorthier includes
carbon black, which preferably has a nitrogen apgdon specific surface area
(N,SA) of 20 nf/g to 100 ni/g.

[0024] The rubber composition of the present inventionferably contains
the carbon black by 10 parts by mass to 70 partenhgs per 100 parts by
mass of the rubber component.

[0025] In the rubber composition of the present inventidme conjugated
diene-based polymer is preferably natural rubber.
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[0026] In the rubber composition of the present inventitdre content of the
natural rubber per 100 parts by mass of the rultloenponent is preferably at
least 10 parts by mass.

[0027] In the rubber composition of the present inventiamrmass ratio of the
copolymer of a conjugated diene compound and acumnjugated olefin to the
conjugated diene-based polymer is preferably 1(90/10.

[0028] Preferably, the rubber composition of the presawention further
includes a crosslinking agent by 0.1 parts by ntas30 parts by mass per 100
parts by mass of the rubber component.

[0029] A rubber composition for tire side use accordinghe present
invention uses the rubber composition of the présewention for tire
sidewall members.

[0030] A crosslinked rubber composition according to thhegent invention
is obtained by crosslinking the rubber compositadrthe present invention.
[0031] A tire according to the present invention is mariaed by using the
rubber composition of the present invention or thesslinked rubber
composition of the present invention.

The tire of the present invention uses the rublmngosition of the present
invention or the crosslinking rubber compositiontbé present invention for
sidewall members thereof.

(Advantageous Effect of Invention)

[0032] According to the present invention, there may bevided: a
copolymer of a conjugated diene compound and acunjugated olefin,
which is used for manufacturing a rubber with loeal generation properties
and excellent in heat resistance, ozone resistéweather resistance) as well
as crack growth resistance; a rubber compositiomaioing the copolymer; a
rubber composition for tire side use using the mibbomposition for tire
sidewall members; a crosslinked rubber compositbtained by crosslinking
the rubber composition; and a tire manufacturedubyng the rubber

composition or the crosslinked rubber composition.

BRIEF DESCRIPTION OF DRAWINGS
[0033] FIG. 1 is a**C-NMR spectrum chart of Copolymer A.
FIG. 2 illustrates a DSC curve of Copolymer A.
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FIG. 3 illustrates a DSC curve of Copolymer B.
FIG. 4 illustrates a DSC curve of Copolymer C.
FIG. 5 illustrates a DSC curve of Copolymer D.

DESCRIPTION OF EMBODIMENTS
[0034] (Copolymer)
The present invention will be described in detagldw.
The copolymer of the present invention includesoa-tonjugated olefin as a
monomer unit component in the copolymer.
The copolymer of the present invention is a copadyraf a conjugated diene
compound and a non-conjugated olefin, in which ¢batent of 1,2 adduct
units (including 3,4 adduct units) of a unit derdvfom the conjugated diene
compound is 3% or less.
The content of 1,2 adduct units (including 3,4 actdwnits) of the conjugated
diene compound in a unit derived from the conjugadéene compound of the
conjugated diene compound/non-conjugated olefinotyper is not
particularly limited as long as it is not more thafo, and may be selected
appropriately depending on the intended use, pediigr3% or less and more
preferably 2% or less.
If the content of 1,2 adduct units (including 3.ddact units) of the
conjugated diene compound in the unit derived fritv@ conjugated diene
compound of the conjugated diene compound/non-ogatjed olefin
copolymer is not more than%, it is possible to improve the
elongation-induced crystallization ability of thergugated diene
compound/non-conjugated olefin copolymer and of ¢bejugated
diene-based polymer, which will be described lateereby enhancing crack
growth resistance, and furthermore, suppressinggaion of radicals to
improve weather resistance as well as low heat g properties and heat
resistance. Further, if the content of 1,2 addwugts (including 3,4 adduct
units) in the unit derived from the conjugated ddesompound is not more
than 3%, heat resistance may be improved. More preferathlg content of
1,2 adduct units (including 3,4 adduct units) ie tnit derived from the

conjugated diene compound is not more tha¥.2
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The above-described content of 1,2 adduct unitsl(icding 3,4 adduct units)
corresponds to an amount contained in a unit derivem the conjugated
diene compound, rather than the ratio to the emtopolymer.

Here, the content of 1,2 adduct units (including 8dduct units) in the
conjugated diene compound unit (the content ofadd@8uct units (including
3,4 adduct units) of a conjugated diene compound imit derived from a
conjugated diene compound) is equal to a 1,2-vboyid content when the
conjugated diene compound is butadiene.

In addition, the chain structure of the conjugatiene
compound/non-conjugated olefin copolymer is nottardarly limited and
may be selected appropriately depending on thenoed use, examples of
which include block-, random- and tapered-type.

For example, this copolymer is suitable for HIPSgRK Impact Polystyrene),
ABS (Acrylonitrile Butadiene Styrene resin) and etlformulations obtained
by peroxide crosslinking.

[0035] In the copolymer of the present invention, the utetived from the
conjugated diene compound preferably has a cishbd content of more
than 50 ma%. The cis-1,4 bond content is more preferably%d®r more,
even more preferably 8% or more, yet more preferably 96 or more,
particularly preferably 986 or more, and most preferably 94 or more.
When the unit derived from the conjugated diene pound has a cis-1,4 bond
content in the above-described range, the copolyofiehe present invention
has a low glass transition temperature (Tg) anddgom@ck growth resistance.
The unit derived from the conjugated diene compobading a cis 1,4 bond
content of less than 5% may have lower durability (such as fracture resist
properties and crack growth resistance) or mayexttibit extended
crystallinity.

On the other hand, the unit derived from the coajeg diene compound
having a cis 1,4 bond content in a particularlyfpreed range is advantageous
in durability (such as fracture resistant propestéend crack growth
resistance) and extended crystallinity.

It should be noted that the cis-1,4 bond contentesponds to an amount in
the unit derived from the conjugated diene compquuadher than the ratio to

the entire copolymer.
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[0036] The copolymer of the present invention is free gfrablem of
molecular weight reduction, and the weight-averagsdecular weight (Mw)
thereof is not particularly limited. However, inew of the application to
polymer materials, a polystyrene-equivalent weigherage molecular weight
(Mw) of the copolymer is preferably 10,000 to 1000000, more preferably
10,000 to 1,000,000, and even more preferably 50 t@0600,000. Further,
this copolymer preferably has a molecular weigtgtdbution (Mw/Mn) of 10
or less, more preferably 5 or less, which is reprded by a ratio of
weight-average molecular weight (Mw) to number-ags molecular weight
(Mn). This is because a molecular weight distribatexceeding 10 leads to
non-uniform physical properties. It should be mbteere that the average
molecular weight and the molecular weight distribnt may be determined by
gel permeation chromatography (GPC) using polygigras the standard.
[0037] In the copolymer of the present invention, the @ritof a unit
derived from the non-conjugated olefin is prefesabiore than 0 méb and
less than 100 méb. If the content of the unit derived from the
non-conjugated olefin is in the above-specifiedganthe mechanical
properties such as rupture strength may be impronedmore reliable manner.
In addition, from the viewpoint of improving mechaal properties such as
rupture strength, without causing phase separatifothe copolymer, it is
more preferable that the content of the unit dedi'em the above-described
non-conjugated olefin is more than 0 ®®hnd not more than 50 nfd|
particularly preferably more than 0 n#6land not more than 40 nl

If the content of the unit derived from non-conjuge olefin in the conjugated
diene compound/non-conjugated olefin copolymer menthan 50 mdk, this
may deteriorate compatibility with the conjugate@dme-based polymer as
described later, resulting in a reduction in weathesistance and crack
growth resistance.

On the other hand, if the content of the unit dedvWrom the non-conjugated
olefin in the conjugated diene compound/non-conjedaolefin copolymer is
in the above-described more preferred range, thisdivantageous in terms of
workability.

[0038] On the other hand, in the copolymer of the preseméntion, the
content of the unit derived from the conjugatedn@dieompound is preferably
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more than 0 mé&b and less than 100 m%l, more preferably 50 méé or more
and less than 100 m8l, and particularly preferably 60 nmidlor more and less
than 100 md¥%. The content of the unit derived from the conjteghdiene
compound in the ranges specified above allows dy@otymer of the present
invention to uniformly behave as an elastomer.

If the content of the unit derived from the conjigé diene compound in the
conjugated diene compound/non-conjugated olefinotyper is less than 50
mol%, the resulting copolymer may behave more like aspt and present
poor properties as an elastomer, leading to insigfit crack resistance, less
compatibility with the conjugated diene-based po&mnas described later, and
lower crack growth resistance.

On the other hand, if the content of the unit dedvrom the conjugated diene
compound in the conjugated diene compound/non-ogatjed olefin
copolymer is in the above-described more prefematye, the resulting
copolymer is advantageous in terms of workabilinddatigue resistance.
[0039] A conjugated diene compound to be used as a monpmederably
has 4 to 12 carbon atoms, and more preferably & ¢arbon atoms. Specific
examples of the conjugated diene compound inclu@ebltadiene, isoprene,
1,3-pentadiene, and 2,3-dimethylbutadiene; amorgeh preferred are
1,3-butadiene and isoprene. In addition, thesgugated diene compounds
may be used alone or in a combination of two or enor

Any of the aforementioned specific examples of aggted diene compounds
can be used for preparing the copolymer of the @nésnvention in the same
mechanism.

[0040] On the other hand, a non-conjugated olefin to beduss a monomer,
which is a non-conjugated olefin other than thejagated diene compound,
has an excellent heat resistance, and is capabledafcing the ratio of double
covalent bonds in the main chain of the copolymeas to reduce crystallinity
thereof, to thereby increase design freedom aslast@mer. In addition, the
non-conjugated olefin may preferably be an acyoliefin or ana-olefin.
Further, the non-conjugated olefin preferably ha® 20 carbon atoms.
Therefore, preferred examples of the aforementiomewn-conjugated olefin
include ethylene, propylene, 1-butene, 1-pentenbexdene, 1-heptene, and

1-octene; among these, more preferred are ethylgromylene and 1-butene,
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and particularly preferred is ethylene. Anrolefin has a double bond at the
a position of an olefin, and therefor allows effintecopolymerization with a
conjugated diene. These non-conjugated olefins beaysed alone or in
combination of two or more. As used herein, oleféfiers to unsaturated
aliphatic hydrocarbon, which is a compound contaghat least one
carbon-carbon double covalent bond.

[0041] In addition, since the copolymer of the presenteimtron exhibits
static crystallinity when containing a block sequercomposed of monomeric
units of the non-conjugated olefin, it may indicdbe excellent mechanical
properties, such as breaking strength. The bledusnce includes a
multiblock sequence. A block copolymer includinglarality of structures
of (X-Y) or of (Y-X) is referred to as multiblockegjuence (where X denotes a
block sequence including monomer units of a nonjagated olefin, and Y
denotes a block sequence including monomer units obnjugated diene
compound).

[0042] Next, a method of manufacturing the copolymer adoog to the
present invention will be described in detail. Hwower, the manufacturing
method described in detail below is merely an exiemp

A first method of manufacturing the copolymer ottpresent invention
includes polymerizing a conjugated diene compound a non-conjugated
olefin in the presence of the following polymerimat catalyst or
polymerization catalyst composition. It should beted that any
polymerization method may be used, including sa@ntpolymerization,
suspension polymerization, liquid phase bulk polyim&tion, emulsion
polymerization, gas phase polymerization, solid gghaolymerization, and so
on. Further, in the case of using a solvent folypmerization, any solvent
that is inactive in polymerization can be used, axdmples thereof include
toluene, hexane, cyclohexane, and a mixture thereof

[0043] The above-described manufacturing method allowsobaperization
of monomers, i.e., a conjugated diene compoundandn-conjugated olefin,
as is the case with a normal method of manufactupgalymers by means of
coordinated ionic polymerization catalysts, exctdpt the above
polymerization catalyst or polymerization catalgsmposition is used.

[0044] <First Polymerization Catalyst Composition>
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An example of the aforementioned polymerizationatydt composition
includes a polymerization catalyst composition @iaafter, also referred to
as a "first polymerization catalyst compositionhcluding at least one
complex selected from the group consisting of: @aallecene complex
represented by the following general formula (I)natallocene complex
represented by the following general formula (A)p1d a half metallocene
cation complex represented by the following gendoaimula (I11):

CpR

M =— Ly

N\ C (D)
tp N—Si (R*RPR®)

si (RYR°RD)

(In the formula (I), M represents a lanthanoid eésr) scandium, or yttrium;
Cp® each independently represents an unsubstitutesdibstituted indenyl
group; R to R each independently represent a hydrogen atom allayi
group having 1 to 3 carbon atoms; L representsigraé Lewis base; and w

represents an integer of 0 to 3.);

CpR

(In the formula (Il), M represents a lanthanoidrabnt, scandium, or yttrium;
cpR each independently represents an unsubstitutesibstituted indenyl
group; X represents a hydrogen atom, a halogen atom, aoxal& group, a
thiolate group, an amide group, a silyl group, dryalrocarbon group having 1
to 20 carbon atoms; L represents a neutral Lewseband w represents an

integer of 0 to 3.); and
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(In the formula (111), M represents a lanthanoig@mlent, scandium, or yttrium;
Ccp® each independently represents an unsubstitutesiibstituted
cyclopentadienyl, indenyl, fluorenyl group; X regents a hydrogen atom, a
halogen atom, an alkoxide group, a thiolate groaupamide group, a silyl
group, or a hydrocarbon group having 1 to 20 caratoms; L represents a
neutral Lewis base; w represents an integer of 8;tand [B] represents a
non-coordinating anion.). The first polymerizatioatalyst composition may
further include another component such as a colgsttawhich is contained in
a general polymerization catalyst composition caomteg a metallocene
complex. As used herein, the metallocene comp$ex complex compound
having one or more cyclopentadienyl groups or datilve of cyclopentadienyl
groups bonded to the central metal. In particutametallocene complex
may be referred to as a "half metallocene complkén the number of
cyclopentadienyl group or derivative thereof bondedhe central metal is
one. In the polymerization system, the concentratf the complex
contained in the first polymerization catalyst camsgion is preferably
defined to fall within a range of 0.1 mol/L to 0.@D mol/L.

[0045] In the metallocene complex represented by the gdrfermulae (I)
and (I1) above, CPin the formulae represents an unsubstituted osstited
indenyl group. CP having an indenyl ring as a basic skeleton may be
represented by §1;-xRx or GH1:-xRx. Here, X represents an integer of 0
to 7 or0to1ll. Further, R each independentlyfgnably represents a
hydrocarbyl group or a metalloid group. The hydadayl group preferably
has 1 to 20 carbon atoms, more preferably 1 todb@n atoms, and even
more preferably 1 to 8 carbon atoms. PreferredcBmeexamples of the
hydrocarbyl group include a methyl group, an ethgdup, a phenyl group,
and a benzyl group. Examples of metalloid in thetatloid group include
germyl (Ge), stannyl (Sn), and silyl (Si). In atddn, the metalloid group
preferably has a hydrocarbyl group which is similarthe hydrocarbyl group
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described above. A specific example of the metdllgroup includes a
trimethylsilyl group. Specific examples of the stibuted indenyl group
include 2-phenyl indenyl and 2-methyl indenyl groupTwo Cg® in the
general formulae (1) and (1) may be the same aditferent from each other.
[0046] In the half metallocene cation complex represeriigdhe general
formula (111), CP¥ in the formula represents a substituted or unstistd
cyclopentadienyl, indenyl, or fluorenyl group, withe substituted or
unsubstituted indenyl group being preferred. RQmving a cyclopentadienyl
ring as a basic skeleton is represented bMsCxRx. Here, X represents an
integer of 0 to 5. Further, R each independentlgf@rably represents a
hydrocarbyl group or a metalloid group. The hydadayl group preferably
has 1 to 20 carbon atoms, more preferably 1 todrd@n atoms, and still more
preferably 1 to 8 carbon atoms. Preferred spe@kamples of the
hydrocarbyl group include a methyl group, an etgsdup, a phenyl group,
and a benzyl group. Examples of metalloid in thetahloid group include
germyl (Ge), stannyl (Sn), and silyl (Si). In atddn, the metalloid group
preferably has a hydrocarbyl group which is similarthe hydrocarbyl group
described above. A specific example of the metdllgroup includes a
trimethylsilyl group. Cf having a cyclopentadienyl ring as a basic skeleton

is specifically exemplified as follows.

H Me

H H Me Me

(In the formula, R represents a hydrogen atom, ghgiggroup, or an ethyl
group.)

[0047] In the general formula (l11), Cp having an indenyl ring as a basic
skeleton is defined as the same as @pthe general formula (1), and
preferred examples thereof are also the same aethbC[¥ in the general
formula (I).

[0048] In the general formula (l11), Cp having the fluorenyl ring above as a
basic skeleton may be represented hyHs-xRx or CisHi7-xRx. Here, X
represents an integer of 0 to 9 or 0 to 17. FurtReeach independently
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preferably represents a hydrocarbyl group or a mhathgroup. The
hydrocarbyl group preferably has 1 to 20 carbomepmore preferably 1 to
10 carbon atoms, and still more preferably 1 toa8bon atoms. Preferred
specific examples of the hydrocarbyl group inclidenethyl group, an ethyl
group, a phenyl group, and a benzyl group. Exampliemetalloid in the
metalloid group include germyl (Ge), stannyl (Sahd silyl (Si). In addition,
the metalloid group preferably has a hydrocarbydur which is similar to the
hydrocarbyl group described above. A specific egbaof the metalloid
group includes a trimethylsilyl group.

[0049] The central metal represented by M in the genewahiilae (1), (1),
and (ll) represents a lanthanoid element, scandiamyttrium. The
lanthanoid elements include 15 elements with atomimbers 57 to 71, and
may be any one of them. Preferred examples otcdrdral metal represented
by M include samarium (Sm), neodymium (Nd), prasgadim (Pr),
gadolinium (Gd), cerium (Ce), holmium (Ho), scanai§Sc), and yttrium (Y).
[0050] The metallocene complex represented by the gerferaiula (1)
includes a silyl amide ligand represented by [-NR$3]. Groups represented
by R (R to R in the general formula (1)) in the silyl amide &igd each
independently represent a hydrogen atom or an akgup having 1 to 3
carbon atoms, and it is preferred that at least @hi® to =4 represents a
hydrogen atom. With at least one of ® R representing a hydrogen atom,
the catalyst can be synthesized with ease, andthaness around silicon can
be reduced, to thereby allow the non-conjugatedioml® be easily introduced.
Based on the same objective, it is further preferieat at least one of’Ro R
represents a hydrogen atom, and at least one” a6 R represents a hydrogen
atom. Additionally, a methyl group is preferredthg alkyl group.

[0051] The metallocene complex represented by the gerferaiula (1)
includes a silyl ligand represented by [-&K X' in the silyl ligand
represented by [-Si%] is a group defined as the same as X in the gdnera
formula (I1l) described below, and preferred exaegpthereof are also the
same as those of X in the general formula (Il1).

[0052] In the general formula (l1l), X represents a graglected from the
group consisting of a hydrogen atom, a halogen atmmalkoxide group, a
thiolate group, an amide group, a silyl group, andydrocarbon group having
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1 to 20 carbon atoms. In the general formula (Ithe alkoxide group
represented by X may be any one of aliphatic alkgrkgups such as a
methoxy group, an ethoxy group, a propoxy groupnamtoxy group, an
isobutoxy group, a sec-butoxy group, and a tertelytgroup; and aryl oxide
groups (aromatic alkoxy groups) such as a phenaxoymg, a
2,6-di-tert-butylphenoxy group, a 2,6-diisopropygstoxy group, a
2,6-dineopentylphenoxy group, a 2-tert-butyl-6-is@pylphenoxy group, a
2-tert-butyl-6-neopentylphenoxy group, and a
2-isopropyl-6-neopentylphenoxy group. Among thegesferred is the
2,6-di-tert-butylphenoxy group.

[0053] In the general formula (l11), the thiolate grouppresented by X may
be any one of: aliphatic thiolate groups such asiamethoxy group, a
thioethoxy group, a thiopropoxy group, a thio-n-bxy group, a
thioisobutoxy group, a thio-sec-butoxy group, anthi-tert-butoxy group;
and aryl thiolate groups such as a thiophenoxy grau
2,6-di-tert-butylthiophenoxy group, a 2,6-diisopydghiophenoxy group, a
2,6-dineopentylthiophenoxy group, a 2-tert-butyls®propylthiophenoxy
group, a 2-tert-butyl-6-thioneopentylphenoxy groap,
2-isopropyl-6-thioneopentylphenoxy group, and a
2,4,6-triisopropylthiophenoxy group. Among thepeeferred is the
2,4,6-triisopropylthiophenoxy group.

[0054] In the general formula (l1l), the amide group repeated by X may be
any one of: aliphatic amide groups such as a diyledimide group, a diethyl
amide group, and a diisopropyl amide group; aryldengroups such as a
phenyl amide group, a 2,6-di-tert-butylphenyl amgteup, a
2,6-diisopropylphenyl amide group, a 2,6-dineopépltenyl amide group, a
2-tert-butyl-6-isopropylphenyl amide group, a 2ttbutyl-6-neopentylphenyl
amide group, a 2-isopropyl-6-neopentylphenyl amgdeup, and a
2,4,6-tri-tert-butylphenyl amide group; and bistkigsilyl amide groups such
as a bistrimethylsilyl amide group. Among theseefprred is the
bistrimethylsilyl amide group.

[0055] In the general formula (l11), the silyl group regented by X may be
any one of a trimethylsilyl group, a tris(trimetisyliyl)silyl group, a
bis(trimethylsilyl)methylsilyl group, a trimethylsil(dimethyl)silyl group,
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and a triisopropylsilyl(bistrimethylsilyl)silyl gnap. Among these, preferred
is the tris(trimethylsilyl)silyl group.

[0056] In the general formula (l11), the halogen atom regented by X may
be any one of a fluorine atom, a chlorine atomya@ntine atom, and an iodine
atom; among these, preferred are the chlorine aaththe iodine atom.
Specific examples of the hydrocarbon group having 20 carbon atoms
represented by X include: linear or branched altphhydrocarbon groups
such as a methyl group, an ethyl group, an n-praguglup, an isopropyl group,
an n-butyl group, an isobutyl group, a sec-butybgr, a tert-butyl group, a
neopentyl group, a hexyl group, and an octyl groammmatic hydrocarbon
groups such as a phenyl group, a tolyl group, amé@hthyl group; aralkyl
groups such as a benzyl group; and hydrocarbonpgeuch as a
trimethylsilylmethyl group and a bistrimethylsilybthyl group each
containing a silicon atom. Among these, preferaed the methyl group, the
ethyl group, the isobutyl group, the trimethylsiythyl group, and the like.
[0057] In the general formula (lIl), the bistrimethylsilgmide group or the
hydrocarbon group having 1 to 20 carbon atoms efqared as X.

[0058] In the general formula (l1l1), examples of the nomecdinating anion
represented by [BJinclude tetravalent boron anions. Specific exasspbf
the tetravalent boron anion include tetraphenylater
tetrakis(monofluorophenyl)borate, tetrakis(difluptrenyl)borate,
tetrakis(trifluorophenyl)borate, tetrakis(tetrafiophenyl)borate,
tetrakis(pentafluorophenyl)borate, tetrakis(tetuailomethylphenyl)borate,
tetra(tolyl)borate, tetra(xylyl)borate, (tripheydentafluorophenyl)borate,
[tris(pentafluorophenyl), phenyl]borate, and
tridecahydride-7,8-dicarbaundecaborate. Amongehgseferred is the
tetrakis(pentafluorophenyl)borate.

[0059] The metallocene complexes represented by the gefmmaulae (I)
and (I1) and the half metallocene cation complepresented by the general
formula (I11) may include O to 3, preferably O ornkutral Lewis bases
represented by L. Examples of the neutral Lewisebh include
tetrahydrofuran, diethyl ether, dimethylanilineintethylphosphine, lithium

chloride, neutral olefins, and neutral diolefinsWhen a plurality of neutral
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Lewis bases represented by L are incorporated,ew$pe L may be the same
as or different from each other.

[0060] The metallocene complexes represented by the gefmmraulae (1) to
(1), and the half metallocene cation complex reygeted by the general
formula (I1l) may be each present as a monomerinaed or a higher-order
multimer.

[0061] The metallocene complex represented by the gerferaiula (1) can
be obtained by, for example, subjecting a lanthdroishalide, a scandium
trishalide, or a yttrium trishalide to reaction ansolvent with a salt of indenyl
(for example, a potassium salt or a lithium sahpa salt of
bis(trialkylsilyl)amide (for example, a potassiumlsor a lithium salt). The
reaction temperature only needs to be set to abmarn temperature, and thus
the complex can be manufactured in mild condition$n addition, reaction
time is arbitrary, but about several hours to sal¢éens of hours. Although
not particularly limited, a reaction solvent is fgeably such a solvent that
dissolves the raw material and products. For eXemluene may be used.
In the following, a reaction example for obtainittge metallocene complex

represented by the general formula (1) is described

Cpt

!
N\

Cp N—Si (R*RPR®)

MX”; + 2cpRLi + KN —Si R*R"R®) L.
si R'R°R")
Si (R'R°R")
<o+ (1)
(In the Formula, X represents a halide.)
[0062] The metallocene complex represented by the gerferaiula (I1) can
be obtained by, for example, subjecting a lanthdroishalide, a scandium
trishalide, or a yttrium trishalide to reaction ansolvent with a salt of indenyl
(for example, a potassium salt or a lithium sahfa salt of silyl (for
example, a potassium salt or a lithium salt). Téaction temperature only

needs to be set to about room temperature, andtttreusomplex can be

manufactured in mild conditions. In addition, r&aa time is arbitrary, but
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about several hours to several tens of hours. aktien solvent is not
particularly limited, with a solvent that dissolvése raw material and
products being preferred, and for example, tolusray be used. In the
following, a reaction example for obtaining the mlédcene complex

represented by the general formula (Il) is desatibe

CpR
MX”s + 2cp®Li + KSiX, —= M-—L
’ ’ V2NN ¢ 1))
CR Si
PN
X y X

(In the Formula, X represents a halide.)
[0063] The half metallocene cation complex representedhieygeneral
formula (Ill) can be obtained by, for example, ttodlowing reaction:

CpR CpR

| @ O |
M =— Ly +[A] [B] —— [ M@ ] [B]
™~

4 X

s \X
Cp" V) (IID)

[0064] In the general formula (IV) representing a compoukidrepresents a

Ly

lanthanoid element, scandium, or yttrium; Cmdependently represents an
unsubstituted or substituted cyclopentadienyl, mgdeor fluorenyl; X
represents a hydrogen atom, a halogen atom, arxi@é&a@roup, a thiolate
group, an amide group, a silyl group, or a hydrdoar group having 1 to 20
carbon atoms; L represents a neutral Lewis basé;vanepresents an integer
of 0 to 3. Further, in the general formula [f8]” representing an ionic
compound, [A] represents a cation; and [Biepresents a non-coordinating
anion.

[0065] Examples of the cation represented by TAjclude a carbonium
cation, an oxonium cation, an amine cation, a phospum cation, a
cycloheptatrienyl cation, and a ferrocenium catocmmtaining a transition
metal. Examples of the carbonium cation includsuistituted carbonium
cations such as a triphenylcarbonium cation and(aubstituted

phenyl)carbonium cation. Specific examples of thésubstituted
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phenyl)carbonium cation include a triilmethylphema)bonium cation.
Examples of the amine cation include: trialkylammon cations such as a
trimethylammonium cation, a triethylammonium catj@tripropylammonium
cation, and a tributylammonium cation; N,N-dialkglinium cations such as
a N,N-dimethylanilinium cation, a N,N-diethylaniium cation, and a
N,N-2,4,6-pentamethylanilinium cation; and dialkgienonium cations such
as a diisopropylammonium cation and a dicycloheryl@onium cation.
Examples of the phosphonium cation include triahdpphonium cations such
as a triphenylphosphonium cation, a triilmethylph@plyosphonium cation,
and a tri(dimethylphenyl)phosphonium cation. Oé&sk cations, the
N,N-dialkylanilinium cations or the carbonium cat® are preferred, and the
N,N-dialkylanilinium cations are particularly prefed.

[0066] In the general formula [A]B]” representing the ionic compound to
be used in the above reaction is a compound obdlalryecombining any one
selected from the non-coordinating anions descridedve and any one
selected from the cations described above. Prefeexamples thereof
include N,N-dimethylanilinium tetrakis(pentafluore@nyl)borate and
triphenylcarbonium tetrakis(pentafluorophenyl)b@at The ionic compound
represented by the general formula [[g] " is added in an amount of
preferably 0.1-fold mol to 10-fold mol and more pgeably about 1-fold mol,
with respect to the metallocene complex. WhenhhH metallocene cation
complex represented by the general formula (lllus®d in polymerization
reaction, the half metallocene cation complex reprdged by the general
formula (I11) may be directly supplied to the polgmzation system, or
alternatively, the compound represented by the genermula (IV) used in
the above reaction and the ionic compound represkhy the general formula
[A]*[B]” may be separately supplied to the polymerizatipstesm, to thereby
form the half metallocene cation complex represdriig the general formula
(1) in the reaction system. In addition, the haletallocene cation complex
represented by the general formula (I11) may benfed in the reaction system
by using the metallocene complex represented bygdreeral formula (I) or
(11) and the ionic compound represented by the gahtormula [A]'[B]” in

combination.
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[0067] Structures of the metallocene complex representethb general
formula (1) or (I1) and of the half metallocene tat complex represented by
the general formula (l11) is preferably determiniey X-ray crystallography.
[0068] The co-catalyst that can be contained in the fiprsiymerization
catalyst composition may be arbitrarily selectednfircomponents used as the
co-catalyst for the general polymerization catalygsimposition containing a
general metallocene complex. Preferred exampleth®fco-catalyst include
aluminoxanes, organic aluminum compounds, and teva ionic compounds.
These co-catalysts may be contained alone or inbgoation of two or more.
[0069] The aluminoxane is preferably an alkyl aluminoxaeramples of
which include methyl aluminoxane (MAO) and modifietethyl aluminoxane.
In addition, preferred examples of the modified mdtaluminoxane include
MMAO-3A (manufactured by Tosoh Finechem Corpora)ionThe content of
the aluminoxane in the first polymerization catdalggmposition is preferably
about 10 to 1,000, more preferably about 100, aél@ment ratio (Al/M) of
the aluminum element Al of the aluminoxane to tleatrtal metal element M
in the metallocene complex.

[0070] On the other hand, a preferred example of the oaluminum
compounds may include an organic aluminum compongpdesented by a
general formula AIRRR" (where R and Reach independently represent a
hydrocarbon group of £to Cip or a hydrogen atom, and'Rs a hydrocarbon
group of G to Cip). In addition, specific examples of the organiaminum
compound include a trialkyl aluminum, a dialkyl alinum chloride, an alkyl
aluminum dichloride, and a dialkyl aluminum hydrjdemong these, preferred
is the trialkyl aluminum. Further, examples of tinalkyl aluminum include
triethyl aluminum and triisobutyl aluminum. Therdent of the organic
aluminum compound in the first polymerization cg&tlcomposition is
preferably 1-fold mol to 50-fold mol and more predbly about 10-fold mol,
with respect to the metallocene complex.

[0071] In the first polymerization catalyst compositiometmetallocene
complex represented by the general formulae (1) @hdand the half
metallocene cation complex represented by the gdrfermula (I11) may be
combined with an appropriate co-catalyst, to thgregizrease the cis-1,4 bond

content and the molecular weight of a copolymebe¢oobtained.
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[0072] <Second Polymerization Catalyst Composition>
Another preferred example of the aforementionedypwrization catalyst
composition may include:
a polymerization catalyst composition (hereinaft@iso referred to as a
"second polymerization catalyst composition") cantag:
component (A): a rare earth element compound agaxtant of a rare earth
element compound and a Lewis base, with no bonthéar between the rare
earth element and carbon;
component (B): at least one selected from the groapsisting of: an ionic
compound (B-1) composed of a non-coordinating ardad a cation; an
aluminoxane (B-2); and at least one kind of halogempound (B-3) from
among a Lewis acid, a complex compound of a meadilde and a Lewis base,
and an organic compound containing active halogefurther, if the
polymerization catalyst composition contains atsteane kind of the ionic
compound (B-1) and the halogen compound (B-3),gblymerization catalyst
composition further contains:
component (C): an organic metal compound represkhjethe following
general formula (i):

YRYLR%RE, - (i)
(where Y is a metal selected from Group 1, Grou2oup 12, and Group 13
of the periodic table; Rand R are the same or different hydrocarbon groups
each having 1 to 10 carbon atoms or a hydrogen asmd R is a hydrocarbon
group having 1 to 10 carbon atoms, in whichnRay be the same as or
different from R or R? above, witha being 1 and andc both being 0 when Y
is a metal selected from Group 1 of the periodigléaa andb being 1 anct
being 0 when Y is a metal selected from Group 2 &ndup 12 of the periodic
table,a, b, andc are all 1 when Y is a metal selected from Groupoi3he
periodic table).
The above-described second polymerization catadgstposition used in the
method of manufacturing the copolymer is requirecontain the
above-described components (A) and (B), and ifgbklymerization catalyst
composition contains at least one of the above-dbed ionic compound
(B-1) and halogen compound (B-3), then it is furthequired to contain the
above-described component (C).
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The ionic compound (B-1) and the halogen compouB8) do not have
carbon atoms to be fed to the component (A), an tthe component (C)
becomes necessary as a source of feeding carbdretoomponent (A). Here,
the polymerization catalyst composition still mayciude the component (C)
even if the polymerization catalyst compositionlumes the aluminoxane
(B-2). Further, the second polymerization catalysmposition may further
include another component such as a co-catalysiciwis contained in a
general rare earth element compound-based polymgoiz catalyst
composition. In the polymerization system, the cemtration of the
component (A) contained in the second polymerizattatalyst composition is
preferably defined to fall within a range of 0.1 itioto 0.0001 mol/L.
[0073] The component (A) contained in the second polymeion catalyst
composition is a rare earth element compound ceaatant of the rare earth
element compound and a Lewis base. Here, a ratb eéement compound
or a reactant of the rare earth element compountdaabewis base do not have
a direct bond of the rare earth element and carbdithen the rare earth
element compound or a reactant thereof does no¢ laadirect bond of a rare
earth element and carbon, the resulting compoursdable and easy to handle.
As used herein, the rare earth element compounerseb a compound
containing a lanthanoid element, scandium, or yttri The lanthanoid
elements include elements with atomic numbers 57l@f the periodic table.
Specific examples of the lanthanoid element incllal@hanum, cerium,
praseodymium, neodymium, promethium, samarium, punm, gadolinium,
terbium, dysprosium, holmium, erbio, tulio, itteohiand lutezio. These
components (A) may be contained alone or in comtvamaof two or more.
[0074] The rare earth element compound is preferably caamedoof a rare
earth metal of a bivalent or trivalent salt or o€@mplex compound, and
further preferably a rare earth element compoundt@iming at least one
ligand selected from a hydrogen atom, a halogematnd an organic
compound residue. Further, the rare earth elementpound or the reactant
of the rare earth element compound and the Lewseha represented by the
following general formula (XI) or (XII):

M M- Lt (X1

MX 5 L Hw (X 11)
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(where: M! represents a lanthanoid element, scandium, ofuyttr X'* each
independently represent a hydrogen atom, a halagem, an alkoxy group, a
thiolate group, an amide group, a silyl group, dahehyde residue, a ketone
residue, a carboxylic acid residue, a thicarbox@aid residue, or a
phosphorous compound residué; kepresents a Lewis base; and w represents
0 to 3).

[0075] Specific examples of a group (ligand) to form a ddo the rare earth
element of the rare earth element compound incladeydrogen atom;
aliphatic alkoxy groups such as a methoxy groupg#roxy group, a propoxy
group, an n-butoxy group, an isobutoxy group, a-Betoxy group, and a
tert-butoxy group; aromatic alkoxy groups such gshanoxy group, a
2,6-di-tert-butylphenoxy group, a 2,6-diisopropygstoxy group, a
2,6-dineopentylphenoxy group, a 2-tert-butyl-6-is@pylphenoxy group, a
2-tert-butyl-6-neopentylphenoxy group, and a
2-isopropyl-6-neopentylphenoxy group; aliphaticalasite groups such as
thiomethoxy group, a thioethoxy group, a thiopropa¢oup, a thio-n-butoxy
group, a thioisobutoxy group, a thio-sec-butoxyrpand a thio-tert-butoxy
group; aryl thiolate groups such as a thiophenorgug, a
2,6-di-tert-butylthiophenoxy group, a 2,6-diisopydghiophenoxy group, a
2,6-dineopentylthiophenoxy group, a 2-tert-butyls®@propylthiophenoxy
group, a 2-tert-butyl-6-thioneopentylphenoxy groap,
2-isopropyl-6-thioneopentylphenoxy group, and a
2,4,6-triisopropylthiophenoxy group; aliphatic amidroups such as a
dimethyl amide group, a diethyl amide group, a @jpiopyl amide group;
arylamide groups such as a phenyl amide groupgadRtert-butylphenyl
amide group, a 2,6-diisopropylphenyl amide grou2,@dineopentylphenyl
amide group, a 2-tert-butyl-6-isopropylphenyl amigi®up, a
2-tert-butyl-6-neopentylphenyl amide group, a 2psapyl-6-neopentylphenyl
amide group, and a 2,4,6-tert-butylphenyl amideugrobistrialkylsilyl amide
groups such as a bistrimethylsilyl amide groupylsgroups such as a
trimethylsilyl group, a tris(trimethylsilyl)silyl goup, a
bis(trimethylsilyl)methylsilyl group, a trimethylsil(dimethyl)silyl group,

and a triisopropylsilyl(bistrimethylsilyl)silyl gnep; halogen atoms such as a

fluorine atom, a chlorine atom, a bromine atom, amdiodine atom. Other
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examples may include: residues of aldehyde sucéadisylaldehyde,
2-hydroxy-1-naphthaldehyde, and 2-hydroxy-3-naphdbehyde; residues of
hydroxyphenone such as 2'-hydroxyacetophenoney@tdaxybutyrophenone,
and 2'-hydroxypropiophenone; residues of diketomehsas acetylacetone,
benzoylacetone, propionylaceton, isobutyl acetoraderylacetone, and
ethylacetylacetone; residues of an carboxylic aidh as an isovaleric acid, a
caprylic acid, an octanoic acid, a lauric acid, wistic acid, a palmitic acid, a
stearic acid, an isostearic acid, an oleic acitipaleic acid a
cyclopentanecarboxylic acid, a naphthenic acide#rylhexanoic acid, a
pivalic acid, a versatic acid (trade name of a padmanufactured by Shell
Chemicals Japan Ltd., a synthetic acid composed wiixture of C10
monocarboxylic acid isomers), a phenylacetic aeidhenzoic acid,
2-naphthoate acid, a maleic acid, and a succinid;aesidues of
thiocarboxylic acid such as a hexanethioic aci@-@ methylbutanethioic acid,
a decanethioic acid, and a thiobenzoic acid; ressdof phosphoric acid ester
such as a phosphoric acid dibutyl, a phosphorid @épentyl, a phosphoric
acid dihexyl, a phosphoric acid diheptyl, a phospb@cid dioctyl,
phosphoric acid bis(2-ethylhexyl), a phosphoricdabis(1-methylheptyl), a
phosphoric acid dilauryl, a phosphoric acid dioleglphosphoric acid
diphenyl, a phosphoric acid bis(p-nonylphenyl),opphoric acid
bis(polyethylene glycol-p-nonylphenyl), a phosploori
acid(butyl)(2-ethylhexyl), a phosphoric acid(1-meliineptyl)(2-ethylhexyl),
and a phosphoric acid(2-ethylhexyl)(p-nonylphenyBsidues of phosphonic
acid ester such as a 2-ethylhexyl phosphonic amdaobutyl, a 2-ethylhexyl
phosphonic acid mono-2-ethylhexyl, a phenylphospbatid
mono-2-ethylhexyl, a 2-ethylhexyl phosphonic acidmo-p-nonylphenyl, a
phosphonic acid mono-2-ethylhexyl, a phosphoniddanbno-1-methylheptyl,
and a phosphonic acid mono-p-nonylphenyl; residafeghosphinic acid such
as a dibutylphosphinic acid, a bis(2-ethylhexyl)ppbinic acid, a
bis(1-methylheptyl)phosphinic acid, a dilauryl pipbsnic acid, a dioleyl
phosphinic acid, a diphenyl phosphinic acid, a pispnylphenyl)phosphinic
acid, a butyl(2-ethylhexyl) phosphinic acid, (2-gliexyl)
(1-methylheptyl)phosphinic acid, an (2-ethylhexybfonylphenyl)
phosphinic acid, a butyl phosphinic acid, 2-ethyylephosphinic acid, a
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1-methylheptyl phosphinic acid, an oleyl phosphiamd, a lauryl phosphinic
acid, a phenyl phosphinic acid, and a p-nonylphgrhydsphinic acid. These
ligands may be used alone or in combination of twanore. Of those,
amide groups, which easily form active species tigfo reaction with
co-catalyst, are preferred.

[0076] As to the component (A) used in the second polymedion catalyst
composition, examples of the Lewis base to reac¢hwhe rare earth element
compound may include: tetrahydrofuran; diethyl etirlimethylaniline;
trimethylphosphine; lithium chloride, neutral ole§, and neutral diolefins.
Here, in the case where the rare earth element oamg reacts with a
plurality of Lewis bases (in the case where w isrZ3 in Formulae (XI) and
(XI1)), the Lewis base t'in each Formula may be the same as or different
from each other.

[0077] The component (B) contained in the second polynadian catalyst
composition is at least one compound selected frioengroup consisting of:
an ionic compound (B-1); an aluminoxane (B-2); andalogen compound
(B-3). The total content of the component (B) aned in the second
polymerization catalyst composition is preferablgfied to fall within a
range of 0.1-fold mol to 50-fold mol, with respeotthe component (A).
[0078] The ionic compound represented by (B-1) is forméd o
non-coordinating anion and cation, and an exampézrdof includes: an ionic
compound that reacts with the rare earth elementpmund as the component
(A) or with the reactant resulting from Lewis based the rare earth element
compound, so as to form a cationic transition mewhpound. Here,
examples of the non-coordinating anion includeraphenyl borate,
tetrakis(monofluorophenyl)borate, tetrakis(difluptenyl)borate,
tetrakis(trifluorophenyl)borate, tetrakis(tetrafophenyl)borate,
tetrakis(pentafluorophenyl)borate, tetrakis(tetuailomethylphenyl)borate,
tetra(tolyl)borate, tetra(xylyl)borate, (tripheydentafluorophenyl)borate,
[tris(pentafluorophenyl), phenyl]borate, and
tridecahydride-7,8-dicarbaundecaborate. Meanwlabgmples of the cation
may include a carbonium cation, an oxonium cati@m,ammonium cation, a
phosphonium cation, a cycloheptatrienyl cation, anférrocenium cation

containing a transition metal. Specific exampléshe carbonium cation
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include trisubstituted carbonium cations such ds@henylcarbonium cation
and a tri(substituted phenyl)carbonium cation, amake specific examples of
the tri(substituted phenyl)carbonium cation incluale
trilmethylphenyl)carbonium cation and a tri(dimelplyenyl)carbonium cation.
Examples of the ammonium cation include: trialkylaonium cations such as
a trimethylammonium cation, a triethylammonium oati a
tripropylammonium cation, and a tributylammoniuntioa (such as a
tri(n-butyl)ammonium cation); N,N-dialkylaniliniumations such as a
N,N-dimethylanilinium cation, N,N-diethylaniliniumnation, and a
N,N-2,4,6-pentamethylanilinium cation; and dialkgienonium cations such
as a diisopropylammonium cation and a dicycloheryl@onium cation.
Specific examples of the phosphonium cation incltrd@rylphosphonium
cations such as a triphenylphosphonium cation, a
trilmethylphenyl)phosphonium cation, and a tri(dimgphenyl)phosphonium
cation. Therefore, the ionic compound may preférdie a compound
obtained by combining any one selected from the-ooardinating anions
described above and any one selected from the matde@scribed above.
Specific examples thereof preferably include a NliNethylanilinium
tetrakis(pentafluorophenyl)borate and a triphenyb@mium
tetrakis(pentafluorophenyl)borate. These ionic pomnds may be contained
alone or in combination of two or more. The coritefithe ionic compound
in the second polymerization catalyst compositismpreferably 0.1-fold mol
to 10-fold mol, and more preferably about 1-fold Imwith respect to the
component (A).

[0079] The aluminoxane represented by (B-2) is a compoaiéined by
contacting an organic aluminum compound with a corshtion agent, and
examples thereof include: a chain type aluminoxana cyclic aluminoxane,
both having a repeating unit represented by theeg&infformula (—AI(R)O-)
(where R is a hydrocarbon group having 1 to 10 carbon atamd may be
partly substituted with halogen atom and/or alk@pup, and the
polymerization degree of the repeating unit is prably at least 5, more
preferably at least 10). Here, specific exampleRoinclude a methyl group,
an ethyl group, a propyl group, and isobutyl groupth the methyl group

being preferred. Further, examples of the orgadioninum compound used
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as a raw material of the aluminoxane may includilkyl aluminums such as
trimethyl aluminum, triethyl aluminum, triisobut@luminum and the like; and
mixtures thereof, with the trimethyl aluminum beipgrticularly preferred.
For example, an aluminoxane obtained using, asnamaterial, a mixture of
trimethyl aluminum and tributyl aluminum can be talily used. The content
of aluminoxane in the second polymerization cataly@mposition is
preferably about 10 to 1,000 at an element ratidNi of the aluminum
element Al of the aluminoxane to the rare earthredat M forming the
component (A).

[0080] The halogen compound represented by (B-3) incluatdeast one of:
a Lewis acid; a complex compound of a metal hahde a Lewis base; and an
organic compound containing active halogen, andajgable of reacting with,
for example, the rare earth element compound asomeponent (A) or with
the reactant resulting from Lewis base and the emgh element compound,
so as to form a cationic transition metal compoundhe content of the
halogen compound in the second polymerization gatatomposition is
preferably 1-fold mol to 5-fold mol, with respea the component (A).

[0081] Examples of the Lewis acid may include: a borontaomng halogen
compound such as B¢Es); and an aluminum-containing halogen compound
such as Al(GFs)3, and may also include a halogen compound contgiim
element of Group Ill, Group 1V, Group V, Group Vdnd Group VIII of the
periodic table. Preferred examples thereof incladealuminum halide or an
organometallic halide. Preferred examples of theogen element include
chlorine and bromine. Specific examples of the iseacid include: a methyl
aluminum dibromide; a methyl aluminum dichloridet athyl aluminum
dibromide; an ethyl aluminum dichloride; a butybalinum dibromide; a
butyl aluminum dichloride; a dimethyl aluminum brade; a dimethyl
aluminum chloride; a diethyl aluminum bromide; @&thyl aluminum chloride;
a dibutyl aluminum bromide; a dibutyl aluminum chide; a methyl aluminum
sesquibromide; a methyl aluminum sesquichloridetlayl aluminum
sesquibromide; an ethyl aluminum sesquichloridéjkautyltin dichloride; an
aluminum tribromide; an antimony trichloride; antemony pentachloride; a
phosphorus trichloride; a phosphorus pentachloradén tetrachloride; a

titanium tetrachloride; and tungsten hexachloridéAmong these, particularly
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preferred are the diethyl aluminum chloride, thbygtaluminum
sesquichloride, the ethyl aluminum dichloride, thethyl aluminum bromide,
the ethyl aluminum sesquibromide, and the ethyhdhum dibromide.

[0082] Preferred examples of the metal halide forming empkex compound
of the metal halide and a Lewis base include: aylbiem chloride, a

beryllium bromide; a beryllium iodide; a magnesiwmloride; a magnesium
bromide; a magnesium iodide; a calcium chlorideaécium bromide; a
calcium iodide; a barium chloride; a barium bromidebarium iodide; a zinc
chloride; a zinc bromide; a zinc iodide; a cadmialoride; a cadmium
bromide; a cadmium iodide; a mercury chloride; arcuey bromide; a
mercury iodide; a manganese chloride; a manganesmide; a manganese
iodide; a rhenium chloride; a rhenium bromide; amtum iodide; a copper
chloride; a copper iodide; a silver chloride; avell bromide; a silver iodide; a
gold chloride; a gold iodide; and a gold bromideAmong these, particularly
preferred are the magnesium chloride, the calcilmoride, the barium
chloride, the manganese chloride, the zinc chloreted the copper chloride
being preferred, and the magnesium chloride, thegaaese chloride, the
zinc chloride, and the copper chloride.

[0083] Preferred examples of the Lewis base forming a dempompound

of the metal halide and the Lewis base includehagphorus compound; a
carbonyl compound; a nitrogen compound; an ethempmund; and an alcohol.
Specific examples thereof include: a tributyl phbafe; a tri-2-ethylhexyl
phosphate; a triphenyl phosphate; a tricresyl phas@; a triethylphosphine; a
tributylphosphine; a triphenylphosphine; a diethytgphinoethane; a
diphenyl phosphino ethane; an acetylacetone; adydazetone; a
propionitrileacetone; a valerylacetone; an ethytgtzcetone; a methyl
acetoacetate; an ethyl acetoacetate; a phenyl acetate; a dimethyl
malonate; a diethyl malonate; a diphenyl malonateacetic acid; an octanoic
acid; a 2-ethylhexoic acid; an oleic acid; a steatid; a benzoic acid; a
naphthenic acid; a versatic acid; a triethylamiae\,N-dimethylacetamide; a
tetrahydrofuran; a diphenyl ether; a 2-ethylhexhadol; an oleyl alcohol;
stearyl alcohol; a phenol; a benzyl alcohol; a Taleol; and a lauryl alcohol.
Among these, preferred are the tri-2-ethylhexyl ghioate, the tricresyl
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phosphate; the acetylacetone, the 2-ethylhexoid,atie versatic acid, the
2-ethylhexyl alcohol; the 1-decanol; and the lauajdohol.
[0084] The Lewis base is subjected to reaction with thetahhalide in the
proportion of 0.01 mol to 30 mol, preferably 0.5Imto 10 mol, per 1 mol of
the metal halide. The use of the reactant obtaimech the reaction of the
Lewis base can reduce residual metal in the polymer
[0085] An example of the organic compound containing aetimalogen
includes benzyl chloride.
[0086] The component (C) contained in the second polynsron catalyst
composition is an organic metal compound represkbtethe general formula
(i):

YRYL.RERE, - (i)
(where Y is a metal selected from Group 1, Groui2oup 12, and Group 13
of the periodic table; Rand R are the same or different hydrocarbon groups
each having 1 to 10 carbon atoms or a hydrogen atord R is a hydrocarbon
group having 1 to 10 carbon atoms, in whichnRay be the same as or
different from R or R? above,a being 1 and andc both being 0 when Y is a
metal selected from Group 1 of the periodic taldendb being 1 anc being
0 when Y is a metal selected from Group 2 and GrbRmf the periodic table,
a, b, andc are all 1 when Y is a metal selected from Groupoi3he periodic
table), and is preferably an organic aluminum coompbrepresented by the
general formula (X):

AIRMRIZRIS ... (X)
(where R* and R? are the same or different hydrocarbon groups denfing
1 to 10 carbon atoms or a hydrogen atom; antifRa hydrocarbon group
having 1 to 10 carbon atoms, in which®®ay be the same as or different
from R or R'? above). Examples of the organic aluminum compoimthe
formula (X) include: a trimethyl aluminum, a trigthaluminum, a tri-n-propyl
aluminum, a triisopropyl aluminum, a tri-n-butylusmhinum, a triisobutyl
aluminum, a tri-t-butyl aluminum, a tripentyl alumim, a trihexyl aluminum,
a tricyclohexyl aluminum, a trioctyl aluminum; aedhylaluminum hydride, a
di-n-propyl aluminum hydride, a di-n-butyl aluminulydride, a diisobutyl
aluminum hydride, a dihexyl aluminum hydride; astihexyl aluminum

hydride, a dioctyl aluminum hydride, a diisooctyuminum hydride; an ethyl
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aluminum dihydride, a n-propyl aluminum dihydridend an isobutyl
aluminum dihydride. Among these, preferred are tttiethyl aluminum, the
triisobutyl aluminum, the diethyl aluminum hydrideand the diisobutyl
aluminum hydride. The organic metal compoundshesdomponent (C) may
be contained alone or in combination of two or mor& he content of the
organic aluminum compound in the second polymermatatalyst
composition is preferably 1-fold mol to 50-fold ma@nd more preferably
about 10-fold mol, with respect to the componenj.(A
[0087] <Polymerization Catalyst and Third Polymerization Catalyst
Composition>
Examples of the polymerization catalyst include: maetallocene-based
composite catalyst which is used for polymerizatwith the conjugated diene
compound and the non-conjugated olefin and is re@méed by the following
formula (A):

RaMXpQYy, IM(A)
(where R each independently represents an unsubsdit or substituted
indenyl group, the R being coordinated with M; Mpresents a lanthanoid
element, scandium, or yttrium; X each independentigpresents a
hydrocarbon group having 1 to 20 carbon atoms, Xhkeing p-coordinated
with M and Q; Q represents a Group 13 element e phriodic table; Y each
independently represents a hydrocarbon group ha%ibg 20 carbon atoms or
a hydrogen atom, the Y being coordinated with Qd arandb each are 2).
[0088] Preferred examples of the above-described metatledsmsed
composite catalyst include a metallocene-based omit@ catalyst

represented by the following formula (XV):

cpR
1/ \
\B/

(XV)

(where M represents a lanthanoid element, scandium, oiuytitr Cp® each
independently represents an unsubstituted or suitietl indenyl group; Rto
R® each independently represent a hydrocarbon graupnig 1 to 20 carbon
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atoms, R and R beingp-coordinated with M and Al; and R and R each
independently represent a hydrocarbon group hatihg 20 carbon atoms or a
hydrogen atom).
[0089] In addition, the above-described third polymeripati catalyst
composition contains the above-described metalleclemsed composite
catalyst and a boron anion.
[0090] <M etallocene-based Composite Catalyst>
The above-described metallocene-based compositalysit will now be
described in detail below. The above-described ailetene-based
composite catalyst has a rare earth element ofhkmdid element, scandium
or yttrium and a group 13 element in the periodible, and is represented by
the following formula (A):

RaMXpQYy, IM(A)
(where R each independently represents an unsubetit or substituted
indenyl group, the R being coordinated with M; Mpresents a lanthanoid
element, scandium, or yttrium; X each independentigpresents a
hydrocarbon group having 1 to 20 carbon atoms, Xhkeeing p-coordinated
with M and Q; Q represents a Group 13 element & phriodic table; Y each
independently represents a hydrocarbon group ha%itg 20 carbon atoms or
a hydrogen atom, the Y being coordinated with Qd anandb each are 2).
The above-described metallocene-based polymerimatiatalyst allows for
manufacture of a copolymer of a conjugated dienemgound and a
non-conjugated olefin. In addition, the use of tlebove-described
metallocene-based composite catalyst, such as thee a@ombined with an
aluminum-based catalyst, can reduce or eliminate #mount of alkyl
aluminum to be used in the step of synthesizingopotymer. Meanwhile,
the use of a conventional catalyst system requaedarge amount of alkyl
aluminum to be used in synthesizing a copolymer.or Fexample, a
conventional catalyst system requires alkyl alumminuof at least 10
equivalents relative to a metal catalyst, whered® tabove-described
metallocene-based composite catalyst of the preses@ntion can exhibit an
excellent catalytic effect through the additionadkyl aluminum of only about
5 equivalents.

[0091] In the metallocene-based composite catalyst, theahrepresented
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by M in the formula (A) is a lanthanoid elementasdium, or yttrium. The
lanthanoid elements include 15 elements with atomienbers 57 to 71, and
may be any one of them. Preferred examples ofntle¢al represented by M
include samarium (Sm), neodymium (Nd), praseodymi(®m), gadolinium
(Gd), cerium (Ce), holmium (Ho), scandium (Sc), artium (Y).

[0092] In the formula (A), R each independently represerds
unsubstituted or substituted indenyl, the R beingrdinated with the metal M.
Specific examples of the substituted indenyl grooplude a 1,2,3-trimethyl
indenyl group, a heptamethyl indenyl group, and ,a,4,5,6,7-hexamethyl
indenyl group.

[0093] In the formula (A), Q represents a Group 13 elemarthe periodic
table. Specific examples thereof include: bordoj@num, gallium, indium,
and thallium.

[0094] In the formula (A), X each independently represeatsydrocarbon
group having 1 to 20 carbon atoms, the X bejingoordinated with M and Q.
Here, examples of the hydrocarbon group having 12 carbon atoms
include: a methyl group, an ethyl group, a propybuyp, a butyl group, a
pentyl group, a hexyl group, a heptyl group, anybgroup, a decyl group, a
dodecyl group, a tridecyl group, a tetradecyl groappentadecyl group, a
hexadecyl group, a heptadecyl group, and a steagybup. The
p-coordination refers to a state of coordination ethiforms a crosslinked
structure.

[0095] In the formula (A), Y each independently represemtsydrocarbon
group having 1 to 20 carbon atoms or a hydrogenmatahe Y being
coordinated with Q. Here, examples of the hydrboargroup having 1 to 20
carbon atoms include: a methyl group, an ethyl groa propyl group, a butyl
group, a pentyl group, a hexyl group, a heptyl groan octyl group, a decyl
group, a dodecyl group, a tridecyl group, a tetadegroup, a pentadecyl
group, a hexadecyl group, a heptadecyl group, astearyl group.

[0096] In the formula (XV) above, the metal represented My is a
lanthanoid element, scandium, or yttrium. The hamoid elements include
15 elements with atomic numbers 57 to 71, and mayahy one of them.
Preferred examples of the metal represented Byindlude samarium (Sm),
neodymium (Nd), praseodymium (Pr), gadolinium (Gdgerium (Ce),
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holmium (Ho), scandium (Sc), and yttrium (Y).

[0097] In the formula (XV), CP represents an unsubstituted or substituted
indenyl. CP¥ having an indenyl ring as a basic skeleton maydmesented
by CoH7-xRx or CoH1;-xRx. Here, X represents an integer of 0 to 7 or Q10
Further, R each independently preferably represantiydrocarbyl group or a
metalloid group. The hydrocarbyl group preferabhbs 1 to 20 carbon atoms,
more preferably 1 to 10 carbon atoms, and still enpreferably 1 to 8 carbon
atoms. Preferred specific examples of the hydrbghrgroup include a
methyl group, an ethyl group, a phenyl group, arttkazyl group. Examples
of metalloid in the metalloid group include germ{Ge), stannyl (Sn), and
silyl (Si). In addition, the metalloid group preébly has a hydrocarbyl
group which is similar to the hydrocarbyl group debed above. A specific
example of the metalloid group includes a trimesilgll group. Specific
examples of the substituted indenyl group includg@h2znyl indenyl and
2-methyl indenyl group. Two Cpin the formula (XV) may be the same as or
different from each other.

[0098] In the formula (XV), B and R each independently represent a
hydrocarbon group having 1 to 20 carbon atoms, Rfe and R being
p-coordinated with M and Al. Here, examples of the hydrocarbon group
having 1 to 20 carbon atoms include: a methyl groaup ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl grpapheptyl group, an octyl
group, a decyl group, a dodecyl group, a tridecydup, a tetradecyl group, a
pentadecyl group, a hexadecyl group, a heptadeym and a stearyl group.
The p-coordination refers to a state of coordination ethforms a crosslinked
structure.

[0099] In the formula (XV), R and R each independently represent a
hydrocarbon group having 1 to 20 carbon atoms twydrogen atom. Here,
examples of the hydrocarbon group having 1 to 2fbea atoms include: a
methyl group, an ethyl group, a propyl group, aybgroup, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a degrpup, a dodecyl group, a
tridecyl group, a tetradecyl group, a pentadecydugr, a hexadecyl group, a
heptadecyl group, and a stearyl group.

[0100] The metallocene-based composite catalyst can baimdd by, for

example, reacting with an organic aluminum compourgpresented by
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AIRKR'RM in a solvent, the metallocene complex represebtethe following
formula (XVI):

CpR

MZ2<=— Ly

\ (XVI)

C R
v N—si RERFR®)

si RURTRY)

(where, M represents a lanthanoid element, scandium, oiuyttr CJ® each
independently represents an unsubstituted or suietl indenyl group; Rto
R’ each independently represent an alkyl group having 3 carbon atoms or
a hydrogen atom; L represents a neutral Lewis basel w represents an
integer of 0 to 3.). The reaction temperature ongeds to be set to about
room temperature, and thus the complex can be nzatufed in mild
conditions. In addition, reaction time is arbityabut about several hours to
several tens of hours. The reaction solvent is paiticularly limited, and
any solvent including, for example, toluene and drex, which are capable of
dissolving the raw material and products can befguably used. The
structure of the metallocene-based composite catalpay preferably be
determined by'H-NMR or X-ray crystallography.

[0101] In the metallocene complex represented by the fdam{XVI)
above, Cf is an unsubstituted indenyl or substituted indeauydl has the same
meaning as Cpin the formula (XV) above. In addition, in the rfoula
(XVI) above, metal M is a lanthanoid element, scandium or yttrium aimg h
the same meaning as metaf k the formula (XV) above.

[0102] The metallocene complex represented by the forn{XNl) above
includes a silylamide ligand [-N(S#R]. Each of R groups (Rto R’
groups) included in the silylamide ligand is indedently an alkyl group
having 1 to 3 carbon atoms or a hydrogen atom. oAk least one of Rto
R’ is preferably a hydrogen atom. If at least oneR6fto R’ is a hydrogen
atom, it becomes easier to synthesize a catalyAdditionally, a methyl
group is preferred as the alkyl group.

[0103] The metallocene complex represented by the forn{XNl) above
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further contains 0 to 3, preferably 0 or 1 neutralvis bases represented by L.
Examples of the neutral Lewis base L include teydbfuran, diethyl ether,
dimethylaniline, trimethylphosphine, lithium chlae, neutral olefins, and
neutral diolefins. When a plurality of neutral Lesabases represented by L
are incorporated, respective L may be the sameifberént from each other.
[0104] In addition, the metallocene complex representedthry formula
(XVI) may be present as a monomer, a dimer or énéigorder multimer.
[0105] On the other hand, the organic aluminum compounddus$or
generating the above-described metallocene-basemiposite catalyst is
represented by AIRR'RM, where ¥ and R are independently a univalent
hydrocarbon group having 1 to 20 carbon atoms bydrogen atom, and'Ris

a univalent hydrocarbon group having 1 to 20 carhtoms, in which B may
be the same as or different from‘Rr R- above. Here, examples of the
univalent hydrocarbon group having 1 to 20 carboone include: a methyl
group, an ethyl group, a propyl group, a butyl grpa pentyl group, a hexyl
group, a heptyl group, an octyl group, a decyl groa dodecyl group, a
tridecyl group, a tetradecyl group, a pentadecydugr, a hexadecyl group, a
heptadecyl group, and a stearyl group.

[0106] Specific examples of the organic aluminum compoumclude: a
trimethyl aluminum, a triethyl aluminum, a tri-ngpyl aluminum, a
triisopropyl aluminum, a tri-n-butyl aluminum, aiigobutyl aluminum, a
tri-t-butyl aluminum, a tripentyl aluminum, a trikgl aluminum, a
tricyclohexyl aluminum, a trioctyl aluminum; a dmtlaluminum hydride, a
di-n-propyl aluminum hydride, a di-n-butyl aluminuhwydride, a diisobutyl
aluminum hydride, a dihexyl aluminum hydride; a stihexyl aluminum
hydride, a dioctyl aluminum hydride, a diisooctyuminum hydride; an ethyl
aluminum dihydride, a n-propyl aluminum dihydridegnd an isobutyl
aluminum dihydride. Among these, preferred are thethyl aluminum, the
triisobutyl aluminum, the diethyl aluminum hydridegnd the diisobutyl
aluminum hydride. These organic aluminum compountsy be contained
alone or in combination of two or more. The coritesf the organic
aluminum compound to be used for generating the abhmtene-based
composite catalyst is preferably 1-fold mol to 5flé¢ mol, and more
preferably about 10-fold mol, with respect to thetallocene complex.
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[0107] <Third Polymerization Catalyst Composition>

Preferred examples of the polymerization catalysmposition include the
above-described metallocene-based composite cdtadysl boron anion.
Furthermore, this polymerization catalyst compasitipreferably includes
another component such as a co-catalyst, whichoistained in a general
polymerization catalyst composition containing atalecene-based catalyst.
Here, the third polymerization catalyst compositios also referred to
two-component catalyst, which has the metalloceaseld composite catalyst
and boron anion. As is the case with the metalh@ebased composite
catalyst, the third polymerization catalyst compomi further contains boron
anion, which allows arbitrary control of the conteof each monomer
component in the copolymer.

[0108] In the third polymerization catalyst composition, specific
example of the boron anion forming the two-companeatalyst includes a
tetravalent boron anion. Examples thereof mayudel a tetraphenyl borate,
a tetrakis(monofluorophenyl)borate, a tetrakis(doitophenyl)borate, a
tetrakis(trifluorophenyl)borate, a tetrakis(tetnadrophenyl)borate, a
tetrakis(pentafluorophenyl)borate, a tetrakis(tdtraromethylphenyl)borate,
a tetra(tolyl)borate, a tetra(xylyl)borate, a (trgyl, pentafluorophenyl)borate,
a [tris(pentafluorophenyl), phenyl]borate, and a
tridecahydride-7,8-dicarbaundecaborate; among thepeeferred is the
tetrakis(pentafluorophenyl)borate.

[0109] The boron anion may be used as an ionic compoumubawed with
cation. Examples of the cation include a carbonigation, an oxonium
cation, an amine cation, a phosphonium cation, @daheptatrienyl cation, and
a ferrocenium cation containing a transition metalExamples of the
carbonium cation include trisubstituted carboniunaticns such as a
triphenylcarbonium cation and a tri(substituted pylgcarbonium cation, and
specific examples of the tri(substituted phenyljJmarium cation include a
trilmethylphenyl)carbonium cation. Examples of tAmine cation include:
trialkylammonium cations such as a trimethylammaoniucation, a
triethylammonium  cation, a tripropylammonium catjon and a
tributylammonium cation; N,N-dialkylanilinium cati@ such as a

N,N-dimethylanilinium cation, N,N-diethylanilinium cation, and a
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N,N-2,4,6-pentamethylanilinium cation; and dialkglmonium cations such
as a diisopropylammonium cation and a dicycloheryt@onium cation.
Examples of the phosphonium cation include triahdpphonium cations such
as a triphenylphosphonium cation, a triimethylphi@plyosphonium cation,
and a tri(dimethylphenyl)phosphonium cation. Ofedl cations, the
N,N-dialkylanilinium cations or the carbonium cati are preferred, and the
N,N-dialkylanilinium cations are particularly prefed. Therefore,
preferred examples of the ionic compound includ8l,al-dimethylanilinium
tetrakis(pentafluorophenyl)borate and a triphenybomium
tetrakis(pentafluorophenyl)borate. = The content tfe ionic compound
including a boron anion and a cation may preferdidyadded by 0.1-fold mol
to 10-fold mol, and more preferably by about 1-fefl, with respect to the
metallocene-based composite catalyst.

[0110] While it is required to use the above-describedatietene-based
composite catalyst and the above-described boronionanin the
above-described third polymerization catalyst cosipion, if a boron anion is
present in the reaction system in which the metale catalyst represented
by the formula (XVI) above is reacted with the ongaaluminum compound,
it is not possible to synthesize the metallocenselslacomposite catalyst of the
formula (XV) above. Accordingly, preparation ofettabove-described third
polymerization catalyst composition requires the tallecene-based
composite catalyst to be synthesized in advance ignthted and purified
before combined with a boron anion.

[0111] Preferred examples of the co-catalyst that can d®ained in the
third polymerization catalyst composition may indan organic aluminum
compound represented by the AIR'RY, and also include an aluminoxane.
The aluminoxane is preferably an alkyl aluminoxamsamples of which
include methyl aluminoxane (MAO) and modified metlatuminoxane. In
addition, preferred examples of the modified metluminoxane include
MMAO-3A (manufactured by Tosoh Finechem Corporajion These
aluminoxanes may be contained alone or in combamaaf two or more.

[0112] In the first method of manufacturing the copolynodérthe present
invention, as described above, polymerization maykrformed using a

general coordinated ionic polymerization catalyistitarly to a conventional
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method of manufacturing a copolymer, except for tise of the
above-described polymerization catalyst compositioihere, the method of
manufacturing the copolymer of the present invemtéan be performed in, for
example, either one of the following manners: (1¢ tomponents forming the
polymerization catalyst composition may be sepdyapeovided in the
polymerization system including, as monomers, ajegated diene compound
and a non-conjugated olefin other than the conjedatiene compound, to
thereby produce the polymerization catalyst compogiin the reaction
system, or (2) the polymerization catalyst compiositprepared in advance
may be provided into the polymerization system. rtker, the option (2) also
includes providing the metallocene complex (actspecies) activated by the
co-catalyst. The amount of the metallocene compteke contained in the
polymerization catalyst composition is preferabét so fall within a range of
0.0001-fold mol to 0.01-fold mol with respect toethotal amount of the
conjugate diene compound and the non-conjugatefinobeher than the
conjugate diene compound.

[0113] Further, in the first method of manufacturing thepolymer

according to the present invention, a terminatazhsas methanol, ethanol or
isopropanol may be used to stop the polymerization.

[0114] In the first method of manufacturing the copolynaecording to the
present invention, the polymerization reaction loé tonjugated diene
compound and the non-conjugated olefin may prefgrhle performed in an
inert gas atmosphere, and preferably in a nitrogas or argon gas
atmosphere. The polymerization temperature ofgbmerization reaction
is not particularly limited, and preferably in ange of, for example;100°C
to 200°C, and may also be set to temperatures around teomperature. An
increase in polymerization temperature may redieedis-1,4-selectivity in
the polymerization reaction. The polymerizatiomcéon is preferably
performed under pressure in a range of 0.1 MPalOtdIPa so as to allow the
conjugated diene compound and the non-conjugatefimoto be sufficiently
introduced into the polymerization system. Furthiée reaction time of the
polymerization reaction is not particularly limitednd may preferably be in a

range of, for example, 1 second to 10 days, whi@y ine selected as
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appropriate depending on the conditions such adytpe of monomers to be
polymerized, type of catalyst and polymerizatiompeerature.
[0115] In the aforementioned method of manufacturing tbpalymer, when
the conjugated diene compound is polymerized whig non-conjugated olefin
other than the conjugated diene compound, the pressf the non-conjugated
olefin is preferably in the range of 0.1 MPa to MI®a. If the pressure of the
non-conjugated olefin is 0.1 MPa or more, it is pibte to efficiently
introduce the non-conjugated olefin into the reactmixture. In addition, if
the pressure of the non-conjugated olefin is exime$g high, the effect
attained by efficient introduction of the non-cogated olefin reaches a peak.
Therefore, the pressure of the non-conjugated plefipreferably 10 MPa or
less.
[0116] Further, according to the first method of manufaitg the
copolymer of the present invention, in polymerizithgg conjugated diene
compound and the non-conjugated olefin, the conegitin of the conjugated
diene compound (mol/L) and the concentration of tlo@-conjugated olefin
(mol/L) at the start of copolymerization preferaldatisfy the following
relation:
concentration of non-conjugated olefin/concentratod
conjugated diene compourxdl.0;
further preferably satisfy the following relation:
concentration of non-conjugated olefin/concentratod
conjugated diene compourxl1.3;
and still further preferably satisfy the followirrglation:
concentration of non-conjugated olefin/concentratod
conjugated diene compourzdl.7.
The ratio of the concentration of the non-conjugiatéefin to the
concentration of the conjugated diene compoundeisneéd to be at least 1, to
thereby efficiently introduce the non-conjugate@faoh into the reaction
mixture.
[0117] In addition, even without using the above-descrilbiesit
polymerization catalyst composition, second polyimation catalyst
composition, polymerization catalyst or third polgnzation catalyst

composition, i.e., even when a normal coordinateua polymerization
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catalyst is used, the copolymer of the present i may be manufactured
by adjusting the way monomers are fed into the pwyization system.
Specifically, a second method of manufacturing t@olymer according to
the present invention has a feature in that chaygiha conjugated diene
compound is controlled in the presence of a nonpegated olefin so as to
organize the chain structure of the copolymer,htereby control the
arrangement of monomer units in the copolymer. u&ed herein, the term
"polymerization system" refers to the location wéer conjugated diene
compound and a non-conjugated olefin are copolyrmestj and specific
examples thereof include a reaction container.

[0118] Here, charging of a conjugated diene compound mapdrformed by
using either continuous charging or separate cmaygand furthermore, a
combination of both. As used herein, the contineicharging refers to, for
example, adding a conjugated diene compound attaiceaddition rate for a
certain period.

[0119] Specifically, the concentration ratio of monomenmsthe
polymerization system may be controlled by sepamteontinuous charging
of a conjugated diene compound into a polymerizagygstem for
copolymerizing a conjugated diene compound and mcunjugated olefin.
This allows structural characterization of the ahatructure (i.e., the
arrangement of monomer units) in the resulting dgpeer. Further, a
conjugated diene compound may be charged into thgnperization system in
the presence of a non-conjugated olefin, supprgsgeneration of
homopolymer of the conjugated diene compound. @h&rging of the
conjugated diene compound may be performed afterinftiation of the
polymerization of the non-conjugated olefin.

[0120] For example, if a block copolymer is manufacturgdusing the
second method of manufacturing the copolymer aciegydo the present
invention, it is effective to continuously chargeanjugated diene compound
in the presence of a non-conjugated olefin into ploéymerization system in
which polymerization of the non-conjugated olefiashbeen initiated in
advance. It is particularly effective to repea¢ ttollowing operation at least
twice when a multiblock copolymer is manufacturedusing the second

method of manufacturing the copolymer: polymerizeam-conjugated olefin
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in the polymerization system; and then continuougharging a conjugated
diene compound into the polymerization system ia pmesence of the
non-conjugated olefin.

[0121] The aforementioned second manufacturing methodtsparticularly
limited as long as the way of charging monomer® iatpolymerization system
is specified as described above, and there mayri@ayed an arbitrary
polymerization method including, for example, sobut polymerization,
suspension polymerization, liquid phase bulk polyim&tion, emulsion
polymerization, vapor phase polymerization, anddstate polymerization.
Further, the aforementioned second manufacturinghoe may be performed
in a similar manner to the first manufacturing madhto copolymerize a
conjugated diene compound and a non-conjugatedrmbsf monomers, except
in that the way of charging monomers into the poéymation system is
specified as described above.

[0122] In the aforementioned second manufacturing methtoid, necessary
to control the way of charging a conjugated dienenpound; specifically, it is
preferred to control how much and how many timeajugated diene
compound should be charged. Methods of controllimg way of charging a
conjugated diene compound include, but not limitedcomputer
program-based control, analog control using a tinaexd so on. Further, as
described above, the way of charging a conjugaiededcompound is not
particularly limited, including continuous chargimgd separate charging.

In the case of separate charging of a conjugatededlcompound, as for the
number of times to charge the conjugated diene aamgd, one to five times
are preferred, although not particularly limitedlf the conjugated diene
compound is charged too many times, it may be diuiifi to distinguish from a
random copolymer.

[0123] Further, the aforementioned second manufacturinthog requires
the presence of a non-conjugated olefin in the pmyization system at the
time of charging a conjugated diene compound ih polymerization system.
It is thus preferred to continuously feed a nonjogated olefin to the
polymerization system. In addition, the way of deey a non-conjugated
olefin is not particularly limited.

[0124] (Rubber Composition)
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The rubber composition of the present inventiomas particularly limited as
long as the copolymer of the present inventiondatained, and may be
selected as appropriate depending on the applicahereof. For example,
the rubber composition preferably contains: a cgajied diene-based
polymer; rubber components other than the copolyaret the conjugated
diene-based polymer of the present invention; afogcing filler such as an
inorganic filler and carbon black; a crosslinkingeamt; and other components.
[0125] <Copolymer>

The content of the copolymer of the present invemtin the rubber
components is not particularly limited, and maydsedected as appropriate
depending on the application thereof. The pref@émrentent of the
copolymer is at least 3 ma4s

The content of the copolymer in the rubber compdadess than 3 ma%s
may diminish the effect of the present inventiondevelop no effect at all.
[0126] <Conjugated Diene-based Polymer>

As used herein, the conjugated diene-based polymesns a polymer that
does not contain a non-conjugated olefin as a maroumit component (as a
part of the copolymer). It should be noted that tton-conjugated olefin
does not include styrene.

The conjugated diene-based polymer is not partidylimited, and may be
selected as appropriate depending on the applicatiereof. Examples
thereof include natural rubber, various types ofaalene rubber, isoprene
rubber, various types of styrene-butadiene copolyrméber, styrene-isoprene
copolymer rubber, styrene-isoprene-butadiene copelyrubber,
isoprene-butadiene copolymer rubber, acrylonitblgadiene rubber,
chloroprene rubber, and so on. These rubber compisnmay be used alone
or in combination of two or more.

Among these, natural rubber is advantageous in gaodpatibility and better
crack growth resistance.

[0127] <Mass Ratio>

Any number may be given as a mass ratio of the ugaijed diene
compound/non-conjugated olefin copolymer to thejogated diene-based
polymer appropriately depending on the intended wighlout limitation,
preferably 10/90 to 90/10, and more preferably B5{@ 75/25.
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If the mass ratio of the conjugated diene componad{conjugated olefin
copolymer to the conjugated diene-based polymenase than 90/less than 10,
fracture resistant properties and workability mayibsufficient, while if the
mass ratio is less than 10/more than 90, weath&st@&nce may be insufficient.
Mass ratios in a more preferred range are advamtageéen terms of balancing
performance requirements.

[0128] <Rubber Components>

The rubber components include the conjugated diene
compound/non-conjugated olefin copolymer and thejegated diene-based
polymer, as well as other rubber components.

The other rubber components are not particulanyitéd, and may be selected
as appropriate depending on the application there&xamples thereof
include polysulfide rubber, silicone rubber, fluoubber, and urethane rubber.
These rubber components may be used alone or irbomwtion of two or

more.

[0129] The content of the conjugated diene compound/nomqogated olefin
copolymer per 100 parts by mass of the rubber camepbis not particularly
limited, and may be selected as appropriate depandn the application
thereof. This content is preferably 10 parts bysm#o 90 parts by mass, and
more preferably 25 parts by mass to 75 parts bysmas

If the content of the conjugated diene compound/oonjugated olefin
copolymer per 100 parts by mass of the rubber carepobis less than 10 parts
by mass, weather resistance may be reduced, whileicontent is more than
90 parts by mass, fracture resistant propertiesvaoikability may be
deteriorated.

In contrast, if the content of the conjugated diemenpound/non-conjugated
olefin copolymer per 100 parts by mass of the rubdm@mponent is in the
above-described more preferred range, this is adgaous in terms of
balancing performance requirements.

[0130] The content of the conjugated diene-based polyneeri®0 parts by
mass of the rubber component is not particulanhyiled, and may be selected
as appropriate depending on the application theredthis content is
preferably 90 parts by mass to 10 parts by masd,maore preferably 75 parts
by mass to 25 parts by mass.
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If the content of the conjugated diene-based polyper 100 parts by mass of
the rubber component is less than 10 parts by nfagsture resistant
properties and workability may be deteriorated, wthe content is more than
90 parts by mass, weather resistance may be reduced

In contrast, if the content of the conjugated didrased polymer per 100 parts
by mass of the rubber component is in the abovesidiesd more preferred
range, this is advantageous in terms of balancieldgrmance requirements.
[0131] The rubber composition may be mixed with a reinfogcfiller as
necessary. Examples of the reinforcing filler ind¢ carbon black and
inorganic fillers, and the reinforcing filler is @ierably at least one selected
from the carbon black and inorganic fillers. Ingltase, it is more
preferable that the rubber composition includesoarblack.

[0132] The content of the reinforcing filler is not pami@arly limited, and
may be selected as appropriate depending on thBcapipn thereof. The
preferred content thereof is 5 parts by mass to 2&Q@s by mass per 100 parts
by mass of the rubber component.

If the content of the reinforcing filler is lessah 5 parts by mass, there may
not be much effect attained by adding the reinfogcfiller, while the content
is more than 200 parts by mass, mixture of thefoicing filler tends to fail.
In either case the resulting rubber composition rhaye lower performance.
[0133] <Carbon Black>

The carbon black is not particularly limited, andayn be selected as
appropriate depending on the application theredxamples thereof include
FEF, GPF, SRF, HAF, N339, IISAF, ISAF, and SAF. e€Ek examples may be
used alone or in combination of two or more.

The nitrogen adsorption specific surface area,JMN, according to JIS
K6217-2:2001) of the carbon black is not particlyalimited, and may be
selected as appropriate depending on the applicatiereof. The carbon
black preferably has a nitrogen adsorption spedficface area of 20 7y to
100 nf/g, and more preferably 35%y to 80 nf/g.

If the carbon black has a nitrogen adsorption specurface area (p5A) of
less than 20 fAig, the resulting rubber has lower durability, resuy in
insufficient crack growth resistance. Alternatiyelf the carbon black has a

nitrogen adsorption specific surface area of mdrant 100 m/g, low loss
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properties may be degraded and working efficien@ayrbe reduced.

It should be noted that the nitrogen adsorptioncsie surface area (pSA)
may be measured in accordance with, for example,KB217-2:2001.

The content of the carbon black per 100 parts byssnaf the rubber
component is not particularly limited, and may belested as appropriate
depending on the application thereof. This contenpreferably 10 parts by
mass to 70 parts by mass, and more preferably 26 oy mass to 60 parts by
mass.

If the content of the carbon black is less thanpB®ts by mass, the resulting
rubber composition may have worse fracture resistproperties due to
insufficient reinforcing performance, while the dent is more than 70 parts
by mass, the resulting rubber composition may hewese workability and
low loss properties.

In contrast, the content of the carbon black isthe above-described more
preferred range, this is advantageous in terms affarfcing performance
requirements.

[0134] <Inorganic Filler>

The inorganic filler is not particularly limited na may be selected as
appropriate depending on the application theredExamples thereof include
silica, aluminum hydroxide, clay, alumina, talc,aaj kaolin, glass balloon,
glass beads, calcium carbonate, magnesium carbomstgnesium hydroxide,
calcium carbonate, magnesium oxide, titanium oxigetassium titanate, and
barium sulfate. These examples may be used alome combination of two
or more.

In using an inorganic filler, a silane coupling agenay also be used as
appropriate.

[0135] <Crosslinking Agent>

The crosslinking agent is not particularly limitemhd may be selected as
appropriate depending on the application theredixamples thereof include
a sulfur-based crosslinking agent, an organic pelebased crosslinking
agent, an inorganic crosslinking agent, a polyaminesslinking agent, a resin
crosslinking agent, a sulfur compound-based crogshig agent,

oxime-nitrosamine-based crosslinking agent, andusul Among these,
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preferred as a rubber composition for tires is shdur-based crosslinking
agent.

[0136] The content of the crosslinking agent is not paraely limited, and
may be selected as appropriate depending on thekcapijon thereof. The
preferred content thereof is 0.1 parts by massG@a&rts by mass per 100
parts by mass of the rubber component.

The crosslinking agent added by less than 0.1 paytsiass in content may
hardly develop crosslinking, whereas the conterdeexiing 20 parts by mass
tends to develop crosslinking by part of the crodshg agent during the
mixing, or to impair the physical property of thalganizate.

[0137] <Other Components>

Other than the above, a vulcanization acceleratay miso be contained.
Examples of compounds that can be used as the nilaaon accelerator
include: guanidine-based compounds, aldehyde-arbased compounds,
aldehyde-ammonia-based compounds, thiazole-basegconds,
sulfenamide-based compounds, thiourea-based congsouhiuram-based
compounds, dethiocarbamate-based compounds, antat@abased
compounds.

Further, if necessary, any known agent such asrdaeing agent, a softening
agent, a filler, a co-agent, a colorant, a flamereéant, a lubricant, a foaming
agent, a plasticizer, a processing aid, an antiaxidan age resister, an
anti-scorch agent, an ultraviolet rays protectimgmt, an antistatic agent, a
color protecting agent, and other compounding agemay be used depending
on the intended use thereof.

[0138] (Crosslinked Rubber Composition)

The crosslinked rubber composition according to phesent invention is not
particularly limited as long as being obtained bgsslinking the rubber
composition of the present invention, and may blesed as appropriate
depending on the application thereof.

The conditions of the crosslinking are not partanly limited, and may be
selected as appropriate depending on the appliosatiereof. Conditions of
temperature and heating time for the crosslinkirmyrpreferably be in the
range of 120°C to 200°C for 1 minute to 900 minutes.

[0139] (Tire)
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A tire of the present invention is not particulatiynited as long as being
manufactured by using the rubber composition of ghesent invention or the
crosslinked rubber composition of the present inti@m and may be selected
as appropriate depending on the application thereof

The rubber composition of the present inventiortteg crosslinked rubber
composition of the present invention may be appli®d example, to a tread,
a base tread, a sidewall, a side reinforcing rupbbed a bead filler of a tire,
without being limited thereto.

Among these, it is more advantageous to apply thgber composition to a
sidewall in terms of weather resistance.

The tire can be manufactured by a conventional m@éth For example, a
carcass layer, a belt layer, a tread layer, which@mposed of unvulcanized
rubber, and other members used for the productiomsaal tires are
successively laminated on a tire molding drum, tlkea drum is withdrawn to
obtain a green tire. Thereafter, the green tiredated and vulcanized in
accordance with an ordinary method, to thereby iwbsadesired tire.

[0140] (Applicationsother than tires)

The rubber composition of the present inventiorttee crosslinked rubber
composition of the present invention may be useadotther applications than
tires, such as anti-vibration rubber, seismic isi@la rubber, a belt (conveyor

belt), a rubber crawler, various types of hoses] aroran.

EXAMPLES

[0141] In the following, the present invention will be aeded with
reference to examples thereof. However, the presasntion is no way
limited to the disclosed examples.

[0142] (Example 1)

A toluene solution of 160 mL was added to a 400 pnessure-resistant grass
reactor that had been sufficiently dried, and tle¢imylene was introduced
thereto at 0.8 MPa. Meanwhile, in a glovebox underitrogen atmosphere,
28.5umol of bis(2-phenylindenyl)gadolinium bis(dimethilldamide)
[(2-PhGH)2GAN(SiHMe&,)2], 34.2 umol of dimethylanilinium
tetrakis(pentafluorophenyl)borate [MHPhB(GsFs)4], and 1.43 mmol of

diisobutylaluminum hydride were provided in a glasmtainer, which was
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dissolved into 8 mL of toluene, to thereby obtaionaalyst solution. After
that, the catalyst solution was taken out from gh@vebox and added by 28.2
umol of gadolinium equivalent to the monomer solumtiovhich was then
subjected to polymerization at room temperatureSoninutes. Thereafter,
100 mL of a toluene solution containing 15.23 g2@mol) of 1,3-butadiene
was added while reducing the introduction pressafrethylene at a rate of 0.2
MPa/min, and then polymerization was further penied for another 90
minutes. After the polymerization, 1 mL of an isopanol solution
containing, by 5 mas$s, 2,2-methylene-bis(4-ethyl-6-t-butylphenol) (NS-5),
was added to stop the reaction. Then, a large amoumethanol was
further added to isolate the copolymer, and theotymer was vacuum dried
at 70°C to obtain Copolymer A (a block copolymer). Thield of
Copolymer A thus obtained was 12.50 g.

[0143] (Example 2)

A toluene solution of 700 mL containing 28.0 g (B.5ol) of 1,3-butadiene
was added to a 2 L stainless reactor that had seé&iciently dried, and then
ethylene was introduced thereto at 0.8 MPa. Mealeyin a glovebox under
a nitrogen atmosphere, 400udnol of
dimethylaluminumg-dimethyl)bis(2-phenylindenyl)neodymium
[(2-PhGHg)2Nd(u-Me),AlMe,] and 200.0umol of triphenylcarbonium
tetrakis(pentafluorophenyl)borate [f0B(CsFs)4] were provided in a glass
container, and dissolved into 80 mL of toluenethereby obtain a catalyst
solution. After that, the catalyst solution wa&ea out from the glovebox,
and the catalyst solution was added by 39l of neodymium equivalent
to the monomer solution, which was then subjectegdlymerization at 60C
for 60 minutes. After the polymerization, 1 mL afh isopropanol solution
containing, by 5 mas$s, 2,2-methylene-bis(4-ethyl-6-t-butylphenol) (NS-5),
was added to stop the reaction. Then, a large amoumethanol was
further added to isolate the copolymer, and theotpmer was vacuum dried
at 70°C to obtain Copolymer B (a random copolymer). Teld of
Copolymer B thus obtained was 17.00 g.

[0144] (Example 3)

Ethylene was introduced at 0.8 MPa into a 400 mésgure-resistant grass
reactor that had been sufficiently dried, and thé® mL of a toluene solution



10

15

20

25

30

-51-

containing 9.14 g (0.17 mol) of 1,3-butadiene wddled thereto. Meanwhile,
in a glovebox under a nitrogen atmosphere, 381l of
bis(2-phenylindenyl)gadolinium bis(dimethylsilylade)
[(2-PhGH)2GAN(SiHMe&,),], 34.2 umol of dimethylanilinium
tetrakis(pentafluorophenyl)borate [MHPhB(GsFs)4], and 1.43 mmol of
diisobutylaluminum hydride were provided in a glasmtainer, which was
dissolved into 8 mL of toluene, to thereby obtainaalyst solution. After
that, the catalyst solution was taken out from gh@vebox and added by 28.2
pmol of gadolinium equivalent to the monomer solatiovhich was then
subjected to polymerization at room temperature@@minutes. Thereafter,
60 mL of a toluene solution containing 9.14 g (0r@l) of 1,3-butadiene was
newly added at a rate of 1.0 mL/min while reducthg introduction pressure
of ethylene at a rate of 0.1 MPa/min, and then pwdyization was further
performed for another 60 minutes. After the polymation, 1 mL of an
isopropanol solution containing, by 5 mé&s
2,2-methylene-bis(4-ethyl-6-t-butylphenol) (NS-5), wadded to stop the
reaction. Then, a large amount of methanol washierradded to isolate the
copolymer, and the copolymer was vacuum dried at@Qo obtain
Copolymer C. The yield of Copolymer C thus obtalneas 16.30 g.

[0145] (Comparative Example 1)

Butadiene rubber (BR0O1, manufactured by JSR) wapared as a sample of a
comparative example.

[0146] (Comparative Example 2)

Based on Example 1 of JP 2000-086857 A, Copolymeavas synthesized.
[0147]

Copolymers A to C of Examples 1 to 3, butadienebribof Comparative
Example 1, and Copolymer D of Comparative Exampleeze each subjected
to measurement and evaluation by the following metso as to investigate
the microstructure, the ethylene content, the weierage molecular weight
(Mw), the molecular weight distribution (Mw/Mn), drthe DSC curve. FIG.
1 is a**C-NMR spectrum chart of Copolymer A, FIG. 2 illuates a DSC
curve of Copolymer A, and FIG. 3 illustrates a D&8@ve of Copolymer C.
The vertical axis of the DSC curve is the thermalaf.
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[0148] (1) Microstructure (1,2-vinyl bond content (Vi (%)), cis-1,4 bond
content)

The microstructure (1,2-vinyl bond content) of thetadiene unit in the
copolymer is determined from an integral ratio o2-Vinyl bond component
(5.0 ppm to 5.1 ppm) to a butadiene bond compoii&mpm to 5.6 ppm) of
the whole, based olH-NMR spectrum (100C, d-tetrachloroethane standard:
6 ppm), and the microstructure (cis-1,4 bond cotjtef the butadiene unit in
the copolymer is determined from an integral radfccis-1,4 bond component
(26.5 ppm to 27.5 ppm) to a butadiene bond compb (2.5 ppm to 27.5 ppm
+ 31.5 ppm to 32.5 ppm) of the whole, based'#®-NMR spectrum (100C,
d-tetrachloroethane standard: 73.8 ppm). The dated values of the
1,2-vinyl bond content (Vi%)) and cis-1,4 bond conten%)) are shown in
Table 1.

(2) Content of Ethylene-derived Unit

The content of the ethylene unit in the copolymmio(%) was determined
from an integral ratio of an ethylene bond compan@8.5 ppm to 30.0 ppm)
of the whole to a butadiene bond component (26.% p@ 27.5 ppmt+ 31.5
ppm to 32.5 ppm) of the whole, based'88-NMR spectrum (100C,
d-tetrachloroethane standard: 73.8 ppm). The aung®ol%) of the
ethylene-derived unit is shown in Table 1.

(3) Weight-Average Molecular Weight (Mw) and Molecular Weight
Distribution (Mw/Mn)

A polystyrene equivalent weight-average molecul@&ight (Mw) and a
molecular weight distribution (Mw/Mn) of each copyater were obtained
through gel permeation chromatography [GPC: HLC-B&PC/HT
(manufactured by Tosoh Corporation), column: twoGMHugr-H(S)HT
(manufactured by Tosoh Corporation), detector: eiéintial refractometer
(RD], using monodisperse polystyrene as a refeeencThe measurement
temperature was 140C.

(4) DSC curve

A DSC curve of each copolymer was obtained by d#fgial scanning
calorimetry (DSC) according to JIS K7121-1987. the measurements of
Copolymers A, B and D, used as samples were rubbsrponents obtained by

immersing each copolymer in a large amount of tegcaofuran for 48 hours
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so as to remove all the components dissolved intethydrofuran and then
by drying the copolymer, in order to circumvent téidect to be produced by
impurities such as single polymers and catalysidiess. Copolymer C was
directly subjected to the measurements without megtment.

[0149] [Table 1]

Example| Example | Example | Comparative| Comparative
1 2 3 Example 1 Example 2
Butadiene
Copolymer Type A B C Rubber D
Mw (x10% 350 144 295 132 230
Mw/Mn 2.20 1.68 2.50 3.45 1.32
Vi (%) 1.2 2.6 0.8 1.8 6.0
cis-1,4 bond content 98 89 98 97 92
(%)
ethylene content
(moloe) 7 11 15 0 16

[0150] In the**C-NMR spectrum chart of Copolymer A of FIG. 1, aage
which is derived from an ethylene block sequencimd at 29.4 ppm, while
in the DSC curves of Copolymers A and D of FIG&rd 5, by means of DSC,
a crystallization temperature which is derived franblock sequence
composed of a monomeric cis-unit of 1,3-butadieas be observed neafl0
°C, and a crystallization temperature which is dedvrom a block sequence
composed of a monomeric unit of ethylene can besoled near 120-130C .
Accordingly, it can be seen that Copolymers A andr® each a block
copolymer of high cis-1,3-butadiene and ethylene.

Further, the sequence distributions of Copolymerand D were analyzed by
applying ozonolysis-GPC measurements discloseddoament ("Polymer
preprints, Japan, Vol. 42, No. 4, pp. 1347"). Aystyrene equivalent
weight-average molecular weight (MW) and moleculdaaight distribution
(Mw/Mn) of each copolymer were obtained through gefmeation
chromatography [GPC: HLC-8121GPC/HT (manufacturgdliosoh
Corporation), column: two of GPC HT-803 (manufa&dry Showa Denko
K.K.), detector: differential refractometer (RI)lsing monodisperse

polystyrene as a reference, at measurement temperaf 140°C]. The
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result showed that the total ethylene componentaioed 80 ma$% or more
of a block ethylene component, that is, polyethge@mmponent having a
number-average molecular weight (Mn) of 1,000 orejyand that Copolymer
A was identified as a block copolymer.

As shown in the DSC curve of Copolymer B of FIG.by, means of DSC, only
a crystallization temperature which is derived franblock sequence
composed of a monomeric cis-unit of 1,3-butadieas be observed neafl0
°C, while a crystallization temperature which is ided from a block
sequence composed of a monomeric unit of ethylemeot be observed.

The results of the sequence distribution analygiglyng ozonolysis-GPC
measurements showed that the total ethylene comporantained 10 ma$%6
or less of a block ethylene component, that isyptiylene component having
a number-average molecular weight (Mn) of 1,000nmmre, and that
Copolymer B was identified as a random copolymetfhe DSC curve of
Copolymer C of FIG. 4 shows that a broad endotherpgak was observed in
a temperature range of 4€ to 120°C, indicating random moieties being
formed which include randomly-arranged monomer simit butadiene and
ethylene (including a block of low molecular weighdther than an
endothermic peak in a temperature range of I2®r above derived from the
crystallization temperature of the long-chain bladguence including
monomer units of ethylene. The results of the see distribution analysis
applying ozonolysis-GPC measurements showed thatdtal ethylene
component contained 67 m&8of a block ethylene component, that is,
polyethylene component having a number-average ouée weight (Mn) of
1,000 or more, and that Copolymer C was identifasda tapered copolymer of
1,3-butadiene and ethylene.

[0151] As Examples 1 to 3 and Comparative Examples 1 antie€ rubber
compositions formulated as shown in Table 2 werepared, which were
vulcanized at 160C for 20 minutes. The vulcanized rubber composisio
thus obtained were subjected to measurements ofhle@at generation
properties, heat resistance and ozone resistaneatb@r resistance)

according to the following method.
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[0152] [Table 2]

parts by mass

polymer 100
stearic acid 2
carbon black (FEF class) 30
age resistor *1

zinc oxide

co-agent CZ-G *2 0.4
co-agent DM-P *3 0.2
sulfur 1.4

*1: N-(1,3-dimethylbutyl)-N-p-phenylenediamine (NOCRAC 6C), manufactured by
OUCHI SHINKO CHEMICAL INDUSTRIAL CO., LTD.

*2: N-cyclohexyl-2-benzothiazolesulfenamide (NOCCHR CZ-G), manufactured
by OUCHI SHINKO CHEMICAL INDUSTRIAL CO., LTD.

*3: dibenzothiazyl disulfide (NOCCELER DM-P), maradtured by OUCHI
SHINKO CHEMICAL INDUSTRIAL CO., LTD.

It should be noted that the above carbon black (EESs) has PBA of

42nflg.

[0153] <Low Heat Generation Properties (Index)>

A dynamic spectrometer was used to perform measenésnunder conditions
of tensile dynamic strain of%, frequency of 15 Hz and temperature of %D
The results are shown in Table 3 as being indexgl & score of 100
representing the inverse of each result of CompaeaExample 1. The
larger index value shows better low heat generapmperties (low loss
properties).

[0154] <Heat Resistance (Index)>

Sample test pieces were each caused to thermayyade in an oven of 100
°C for 48 hours. Then, each sample taken out froendven was subjected to
tension test according to JIS K6251 at room temperm to thereby obtain the
tensile stress at 30% strain (Md 300%). Table 3 shows the result thereof
as Md variation %), which are indexed with a score of 100 represepniid
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300 % obtained by tension test performed for samplediwid thermal
degradation. The smaller variatio®) shows better heat resistance.

[0155] <Ozone Resistance (Weather Resistance) (Dynamic)>

Ozone resistance (weather resistance) was measwwatding to JIS K6259.
Rectangular test specimens were exposed &C48nd ozone concentration of
50 pphm under 306 dynamic stretching. Then, the conditions of the
samples after 12 hours were visually examined ¢f@cks). The results
thereof are shown in Table 3.

[0156] [Table 3]

Comparative| Comparative
Example 1| Example 2 Example 3
Example 1 | Example 2
Copolymer Type A B C D E
Low Heat
Generation
105 106 110 100 97
Property
(index)
Heat Resistance
140 144 134 158 155
(index)
fine cracks | fine cracks
Ozone Resistancge
no crack no crack no crack| across the at sample
(dynamic)
sample edge

[0157] (Preparation Example 1)

Preparation of butadiene-ethylene copolymer (EBR1)

In this case, 2,000 g of a toluene solution contagnl20 g (2.22 mol) of

1,3-butadiene was added to a 4 L stainless redabtdrhad been sufficiently

dried, and then ethylene was introduced theretb. @2 MPa.

a glovebox under a nitrogen atmosphere, 381l of

bis(2-phenylindenyl)gadolinium bis(dimethylsilylads)
[(2-PhGH)2GAN(SiHMe&)2], 28.5 umol of dimethylanilinium
tetrakis(pentafluorophenyl)borate [MHPhB(GsFs)4], and 2.00 mmol of

diisobutylaluminum hydride were provided in a glasmtainer, which was

dissolved into 40 mL of toluene, to thereby obtaicatalyst solution.

Meanwhile, in

After

that, the catalyst solution was taken out from gh@vebox and added by 25.0
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umol of gadolinium equivalent to the monomer solumtiovhich was then
subjected to polymerization at 5C for 90 minutes. After the
polymerization, 5 mL of an isopropanol solution taiming, by 5 mas%,
2,2-methylene-bis(4-ethyl-6-t-butylphenol) (NS-5), wadded to stop the
reaction. Then, a large amount of methanol washierradded to isolate the
copolymer, and the copolymer was vacuum dried atG@Qo obtain a
copolymer. The yield of the copolymer EBR1 thudaohed was 98 g.
[0158] (Preparation Example 2)

Preparation of butadiene-ethylene copolymer (EBR2)

In this case, 2,000 g of a toluene solution contagn230 g (4.26 mol) of
1,3-butadiene was added to a 4 L stainless redbtairhad been sufficiently
dried, and then ethylene was introduced theretb.@2 MPa. Meanwhile, in
a glovebox under a nitrogen atmosphere, ua%ol of
bis(2-phenylindenyl)gadolinium bis(dimethylsilylade)
[(2-PhGH),GdAN(SiHMe),], 145 umol of dimethylanilinium
tetrakis(pentafluorophenyl)borate [MHPhB(GFs)4], and 2.9 mmol of
diisobutylaluminum hydride were provided in a glasmtainer, which was
dissolved into 100 mL of toluene, to thereby obtainatalyst solution. After
that, the catalyst solution was taken out from gh@vebox and added by 142
pmol of gadolinium equivalent to the monomer solatiovhich was then
subjected to polymerization at 6C for 60 minutes. After the
polymerization, 5 mL of an isopropanol solution taiming, by 5 mas¥,
2,2-methylene-bis(4-ethyl-6-t-butylphenol) (NS-5), wadded to stop the
reaction. Then, a large amount of methanol washierradded to isolate the
copolymer, and the copolymer was vacuum dried at@@o obtain a
copolymer. The yield of the copolymer EBR2 thudaohed was 248 g.
[0159] (Preparation Example 3)

Preparation of butadiene-ethylene copolymer (EBR3)

A toluene solution of 200 mL containing 9.36 g (031lmol) of 1,3-butadiene
was added to a 400 mL pressure-resistant grassaettat had been
sufficiently dried, and then ethylene was introdddbereto at 0.6 MPa.
Meanwhile, in a glovebox under a nitrogen atmosehe&rl.Opmol of
(2-MeCyHg)2Sc(MeAlIMe;), 21.0pumol of triphenylcarbonium
tetrakis(pentafluorophenyl)borate (8B (CsFs)4), and 0.25 mmol of
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triisobutyl aluminum were provided in a glass cdntx, which was dissolved
into 5 mL of toluene, to thereby obtain a catalgstution. After that, the
catalyst solution was taken out from the gloveboxl added to the monomer
solution, and subjected to polymerization at°Z5for 50 minutes. After the
polymerization, 1 mL of an isopropanol solution taiming, by 5 mas®,
2,2-methylene-bis(4-ethyl-6-t-butylphenol) (NS-5), wadded to stop the
reaction. Then, a large amount of methanol washierradded to isolate the
copolymer, and the copolymer was vacuum dried atG@Qo obtain a
copolymer. The yield of the copolymer EBR3 thugahed was 9.30 g.
[0160] (Preparation Example 4)

Preparation of ethylene-propylene-butadiene copolymer (EPDM)

As indicated in Synthesis Example 1 of JP 2000-(3&88, 500 mL of toluene
was placed into a glass autoclave having an inag@acity of 1 L that had
been subjected to nitrogen substitution to a sidfit degree, and furthermore,
the system was saturated in liquid and gas phassavmmixed gas of ethylene
at 50 L/h, propylene at 150 L/h and butadiene 20.L/Then, a pre-mixed
solution of 0.25 mmol of triisobutyl aluminum and0@6 mmol of
triphenylcarbonium tetrakis(pentafluorophenyl)b@atas added thereto to
initiate polymerization. After the polymerizatiaat 50°C for 30 minutes, a
small amount of isobutanol was added to terminagegolymerization.

The polymer solution thus obtained was added toL10% methanol containing
a small amount of hydrochloric acid to precipitat@olymer. The polymer
was washed with methanol and then dried under redypressure at 13TC

for 10 hours, and the result was 3.25 g of ethylpnepylene-butadiene
copolymer (EPDM).

It was determined that the ethylene-propylene-bigiae copolymer (EPDM)
thus obtained has)] of 1.8 dL/g as measured in decalin at 1’5 ethylene
content of 69.1 md@b, propylene content of 25.1 nfél and butadiene-based
constituent unit of 5.8 méb. A glass transition temperature (Tg), which was
measured as a measure of detail of constituenthased on butadiene and
cold resistance, was52 °C.

[0161] The ethylene-butadiene copolymers (EBR1 to EBR3) Hre
ethylene-propylene-butadiene copolymer (EPDM) prepaas described
above, as well as a high cis-butadiene rubber (HLB8Rained (available



10

15

20

-59 -

from JSR under the trade name of BR0O1) were measanal evaluated for
their weight-average molecular weight (Mw), molezulveight distribution
(Mw/Mn), content of ethylene-derived unit, 1,2-vinyond content and cis-1,4
bond content according to the above-described ntethad also for their haze
value in the following way. The results thereoéahown in Table 4.

[0162] Haze Value

Each copolymer (polymer) was mixed with polyisopeeand the mixture was
pressed between PET films at 100. A haze meter (manufactured by
Nippon Denshoku Industries Co., Ltd.) was used #aBure transparency
(haze value) of the obtained samples, and the nreasnts were used as
indicator of compatibility. The results are shownTable 4 as being
indexed with a score of 100 representing the haddeers of the high
cis-butadiene rubber (HCBR).

[0163] [Table 4]

Copolymer
EBR1 EBR2 EBR3 EPDM HCBR
(Polymer) Type
Mw (x10°%) 358 449 363 - 590
Mw/Mn 2.5 4.4 2.4 - 3.64
Ethylene Content
9 38 5 69.1 -
(mol%)
1,2-vinyl Bond
0.9 0.9 5.6 5.2 2.5
Content (%)
<90
cis-1,4 Bond
98.2 98.3 90.7 (less than 96.3
Content (%)
90 %)
Haze Value
70 68 68 123 100
(index)

[0164] (Examples 4 to 14 and Comparative Examples 3 to 7)

As for Examples 4 to 10 and Comparative Examplés 8, the rubber
compositions formulated as shown in Table 5 werepared, which were
vulcanized at 160C for 20 minutes. The vulcanized rubber composisio
thus obtained were subjected to measurements ofhgeaesistance, crack
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growth resistance (index) and low loss propertiesi¢x) according to the
following method.

As for Examples 11 to 14 and Comparative Exampléh@,rubber
compositions formulated as shown in Table 6 werepared, which were
vulcanized at 160C for 20 minutes. The vulcanized rubber composisio
thus obtained were subjected to measurements @kayeowth resistance
(index) according to the following method.

It should be noted that the compounds shown in "t@aBatch” in Tables 5
and 6 were added to prepare master batches, tonvtheecompounds shown in
"Final Batch" were then added to prepare final bat

[0165] <Weather Resistance (Ozone Resistance)>

Weather resistance (ozone resistance) was measweaading to JIS K6259.
Rectangular test specimens were exposed &C48nd ozone concentration of
50 pphm under 3% dynamic stretching. Then, the conditions of the
samples after 24 hours were visually examined ¢facks). The results
thereof are shown in Tables 7 and 8. In Tablesd & "Good" indicates
"absence of cracks" and "Poor" signifies "preseateracks."

<Crack Growth Resistance (Constant Strain)>

A 0.5-mm crack was given at the central portioreath JIS No. 3 test
specimen. Then, fatigue was repetitively applieccaich sample at room
temperature under a constant strain ¢f@o 100%, and the number of times
it took to rupture the sample by applying the repe¢ fatigue was counted
for each sample. The results are shown as beidgxed with a score of 100
representing the result of Comparative Example Gables 7 and 8 and the
result of Comparative Example 7 in Table 9. Thegta index value shows
better crack growth resistance (constant strain).

<L ow Loss Properties (Low Heat Generation Properties) (Index)>

A dynamic spectrometer (manufactured by Rheometiics. (US)) was used
to perform measurements under the conditions o$iterdynamic strain of %@,
frequency of 15 Hz and temperature of 8D. In Tables 7 and 8, the results
are shown as being indexed with a score of 100ea®gmting the result of
Comparative Example 6. The larger index value showtter low loss
properties (low heat generation properties).
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[0166] [Table 5]

Master Batch

copolymer (polymer)

(part of rubber composition)

50.0 parts by masp

natural rubber (NR}*

(part of rubber composition)

50.0 parts by masp

carbon black?

50.0 parts by mass

stearic acid

2.0 parts by mass

age resistor 6C

0.5 parts by mas

oy

softening agent

4.0 parts by mas

oy

Final Batch

zinc oxide

3.0 parts by mass

age resistor Crack 224

12

1.0 parts by mas

co-agent CZ-G°

14

0.4 parts by mas

co-agent DM-P’

0.2 parts by mas

2

sulfur

n

1.4 parts by mas

[0167] [Tabl

e 6]

Master Batch

rubber component (polymer)

100.0 parts by m

carbon black?

50.0 parts by mas

stearic acid

2.0 parts by ma

age resistor 6C

0.5 parts by mas

softening agent’

4.0 parts by mas

Final Batch

zinc oxide

3.0 parts by mag

age resistor Crack 222

1.0 parts by mas

2

co-agent CZ-G*

0.4 parts by mas

oy

co-agent DM-P’

0.2 parts by mas

oy

sulfur

1.4 parts by mas

|72}

[0168] Used as the compounds *1 to *7 in Tables 5 and Bewe

*1: RSS

#3

*2: Carbon black with NSA

The respective measurements of nitrogen adsorgpetific surface
area (NSA) of the carbon black samples used are shownailblds 7

to 9.

It should be noted that the nitrogen adsiompspecific
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surface area (P6A) was measured in accordance with JIS
K6217-2:2001.

*3:

N-(1,3-dimethylbutyl)-N-p-phenylenediamine (NOCRAC 6C),

manufactured by OUCHI SHINKO CHEMICAL INDUSTRIAL CO
LTD.

*4:
*5:
*6:

A mixed resin of C5 and C9 petroleum resins
2,2,4-trimethyl-N-phenyl-p-phenylenediamine
N-cyclohexyl-2-benzothiazolesulfenamide (NOCCHR CZ-G),

manufactured by OUCHI SHINKO CHEMICAL INDUSTRIAL CO
LTD.

*7:

OUCHI SHINKO CHEMICAL INDUSTRIAL CO., LTD.
[0169] [Table 7]

Dibenzothiazyl disulfide (NOCCELER DM-P), maradtured by

Example| Example| Example| Example| Example| Example| Example
4 5 6 7 8 9 10
Copolymer
EBR1 EBR2 EBR1 EBR2 EBR1 EBR2 EBRI
(Polymer)
N,SA of
Carbon
34 48 29 29 78 78 105
Black
(m?/g)
Weather
Good Good Good Good Good Good Goo
Resistance
Crack
Growth
293 265 221 207 303 275 320
Resistance
(index)
Low Loss
Property 99 97 114 115 83 82 79

(index)




[0170] [Table 8]
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Comparative| Comparative Comparative Comparative
Example 3 Example 4 Example 5 Example 6
Copolymer
EBR3 EBR3 EPDM HCBR
(Polymer)
N,SA of Carbon
Black 34 57 42 42
(m*/g)
Weather Resistance  Good Good Good Fair
Crack Growth
Resistance 153 164 78 100
(index)
Low Loss Property
_ 108 89 96 100
(index)
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[0172] It can be seen from Tables 7 to 9 that each rulcberposition
containing a conjugated diene compound/non-conjedatiefin copolymer
and a conjugated diene-based polymer, in whichcthetent of 1,2 adduct
units (including 3,4 adduct units) of the conjughiene compound is % or
less, may improve weather resistance, crack grawsistance and low loss
properties in a balanced manner.

From Tables 7 to 9, it will also be appreciatedtthafficient crack growth
resistance cannot be obtained where the contedtdfdduct units (including

3,4 adduct units) of the conjugated diene compoisnmiore than 3.

INDUSTRIAL APPLICABILITY
[0173] The copolymer of the present invention can be ugederally for

elastomer products, in particular, tire sidewallneers.
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CLAIMS

1. A copolymer of a conjugated diene compound amb@-conjugated
olefin, wherein the content of 1,2 adduct unitsc(uding 3,4 adduct units) of

a unit derived from the conjugated diene compoun8 % or less.

2. The copolymer according to claim 1, wherein tinet derived from
the conjugated diene compound has a cis-1,4 bomtlec® of more than 50

mol%.

3. The copolymer according to claim 1, wherein tdostent of a unit
derived from the non-conjugated olefin is greateart 0 mo% and not more
than 50 maode.

4. The copolymer according to claim 1, wherein togpolymer has a
polystyrene-equivalent average-weight moleculargh¢iof 10,000 to

10,000,000.

5. The copolymer according to claim 1, wherein togolymer has a
molecular weight distribution (Mw/Mn) of 10 or less

6. The copolymer according to claim 1, wherein tiom-conjugated

olefin is an acyclic olefin.

7. The copolymer according to claim 6, wherein tlosm-conjugated
olefin has 2 to 10 carbon atoms.

8. The copolymer according to claim 7, wherein tiom-conjugated

olefin is at least one selected from the group cstivsg of ethylene, propylene,

and 1l-butene.

9. The copolymer according to claim 8, wherein tiom-conjugated
olefin is ethylene.
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10. The copolymer according to claim 1, wherein tiomjugated diene
compound is at least one selected from the groupsisting of 1,3-butadiene
and isoprene.

11. A rubber composition comprising the copolymecarding to claim
1.
12. The rubber composition according to claim 1lAther comprising a

conjugated diene-based polymer.

13. The rubber composition according to claim 111@rfurther
comprising carbon black, wherein the carbon blaak b nitrogen adsorption
specific surface area g8A) of 20 nf/g to 100 ni/g.

14. The rubber composition according to claim 13ewein the content of
the carbon black is 10 parts by mass to 70 partsmhgs per 100 parts by mass
of the rubber component.

15. The rubber composition according to claim 1hewein the

conjugated diene-based polymer is natural rubber.

16. The rubber composition according to claim 15ewein the content of
the natural rubber per 100 parts by mass of thdeulcomponent is at least 10
parts by mass.

17. The rubber composition according to claim 1hewein a mass ratio
of the copolymer of a conjugated diene compound am@én-conjugated olefin
to the conjugated diene-based polymer is 10/900td Q.

18. The rubber composition according to claim 1lAther comprising a
crosslinking agent by 0.1 parts by mass to 20 phytsnass per 100 parts by

mass of the rubber component.
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19. A rubber composition for tire side use using tbber composition

according to claim 11 for tire sidewall members.

20. A crosslinked rubber composition obtained bygssiinking the rubber

composition according to claim 11.

21. A tire manufactured by using the rubber comtiosiaccording to
claim 11 or the crosslinked rubber composition adowog to claim 20.

22. A tire using the rubber composition accordingctaim 11 or the
crosslinked rubber composition according to claienfar sidewall members

thereof.





