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DESCRIPTION

COPOLYMER OF CONJUGATED DIENE COMPOUND AND
NON-CONJUGATED OLEFIN, RUBBER COMPOSITION, RUBBER
COMPOSITION FOR TIRE TREAD, CROSSLINKED RUBBER
COMPOSITION AND TIRE

TECHNICAL FIELD
[0001] The present invention relates to a copolymer obnjegated diene
compound and a non-conjugated olefin (a conjugaliede
compound/non-conjugated olefin copolymer), a rubbemposition, a rubber
composition for tire treads, a crosslinked rubbemgposition and a tire, and in
particular, to a copolymer of a conjugated dienenpound and a
non-conjugated olefin that is used for manufactgranrubber excellent in
crack growth resistance, heat resistance and oresistance as well as wear
resistance and that includes a cis-1,4 bond atiederived from the
conjugated diene compound (a conjugated diene uaitubber composition
containing the copolymer, a rubber composition tioe treads using the
rubber composition for tire tread members, a criogs®ld rubber composition
obtained by crosslinking the rubber compositiond antire using the rubber

composition or the crosslinked rubber composition.

BACKGROUND ART
[0002] It is well known that coordination anionic polymeaition using
catalyst systems represented by a Ziegler-Nattalgsit allows for
homopolymerization of olefins and dienes. Howevémwas difficult to
provide efficient copolymerization of olefins andéedes using such
polymerization systems.
[0003] To overcome this difficulty, for example, JP 20064210 A (PTL 1)
discloses a catalyst for polymerizing conjugateedneis that contains a
transition metal compound of group IV of the periotable having
cyclopentadiene ring structure, and also referarto-olefin such as ethylene
as an exemplary monomer copolymerizable with tliejogated diene.

However, PTL 1 does not provide a specific descoiptof copolymerization
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of a conjugated diene compound and a non-conjugatefin. Obviously,
there is no description or suggestion of manufaotya rubber excellent in
crack growth resistance, heat resistance and oresistance by controlling
the cis content and cis-1,4 bond content to be tgrednan 92%.

[0004] For example, JP 2006-249442 A (PTL 2) disclosestalyst for
polymerizing olefins that consists of a transitioetal compound such as a
titanium compound and a co-catalyst, and also dise$ a copolymer of an
a-olefin and a conjugated diene compound. Howespgcific manufacture
and use were ensured only if tbheolefin, a non-conjugated olefin, is
contained in an amount of 66.7 Meko 99.1 mo%. That is, there is no
description or suggestion in PTL 2 of manufacturengubber excellent in
crack growth resistance, heat resistance and oresistance by controlling
the cis content and cis-1,4 bond content to be tgrethan 92%.

[0005] In addition, JP 2006-503141 A (PTL 3) disclosesopaymer of
ethylene and butadiene that is obtained by syntiegiethylene and
butadiene as a starting material by means of aiapecganic metal complex
as a catalytic component. However, PTL 3 states butadiene, a monomer,
is inserted into the copolymer in the form of tréorsner-1,2-cyclohexane, and
the structure disclosed in PTL 3 is different frohat of the copolymer of the
present invention. In addition, specific manufaetand use were ensured
only if the ethylene, a non-conjugated olefin, mtained in an amount of
69.6 moPb to 89.0 moY. In this case, the ethylene content was deterthine
by 100 mo% minus the molar content of those units derivedrfroutadiene
with a known molar content. That is, there is resdription or suggestion in
PTL 3 of manufacturing a rubber excellent in cragkwth resistance, heat
resistance and ozone resistance by controllingcieeontent and cis-1,4 bond
content to be less than 92.

[0006] In addition, JP 2000-086857 A (PTL 4) disclosesuaaldiene polymer
having cis content of 9%, vinyl content of 6% and ethylene content of %

or 9%. However, there is no description or suggestiofPTL 4 of
manufacturing a rubber excellent in crack growthiséance, heat resistance
and ozone resistance by controlling the cis contard cis-1,4 bond content to

be greater than 9%.



10

15

20

25

30

[0007] In addition, JP 2000-154279 (PTL 5) discloses abaerbcomposition
including: a butadiene-ethylene block copolymer ingva cis content of 9%
and ethylene segments in an amount of 4.8 #askthe total; polybutadiene
having a cis content of 95% and a vinyl content of 2.%; and carbon black
N220. However, there is no description or suggesin PTL 5 that a rubber
excellent in crack growth resistance, heat resis¢asnd ozone resistance can
be obtained by controlling the cis content and tj4-bond content to be
greater than 92.

[0008] Further, JP 11-228743 A (PTL 6) discloses an unsded elastomer
composition that is composed of an unsaturatedimibdsed copolymer (an
olefin-rich, olefin-diene copolymer) and rubber. owMever, there is no
description or suggestion in PTL 6 of the cis coriteand vinyl content of the
olefin-diene copolymer, even of manufacture of hlrer excellent in crack
growth resistance, heat resistance and ozone asistby controlling the cis
content and cis-1,4 bond content to be greater 8ia%.

[0009] Additionally, in response to increasing social dews for energy
and resource saving, there is an increasing need fubber material that is
excellent in wear resistance and crack growth teasise to meet the
requirements for improving durability of tires inrder to reduce fuel
consumption of automobiles. In addition, in vieWwtbe recent surge in price
of butadiene, it is expected that the price of renaterials will even more
dramatically rise in the future. As such, thereaisneed to make use of
inexpensive olefin resource even in tire materials.

To address this issue, attempts have been madeeatiownally to combine
high cis-butadiene rubber with natural rubber. fEhis a problem, however,
in that sufficient wear resistance cannot be ol#dirby combining these
rubbers due to incompatibility between them.

[0010] In addition, the characteristics required when Bber composition
containing a copolymer of a conjugated diene anba-conjugated olefin is
applied to various applications (such as tires, vwyor belts and
anti-vibration rubber) include good wear resistaneed crack growth
resistance.

For example, PTL 1-6 disclose the aforementionexdhnéques, but fail to

teach or suggest that a rubber which is excellanwear resistance and crack
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growth resistance may be obtained by mixing a cgajaed diene-based
polymer with a conjugated diene compound/non-coajed olefin copolymer
in which the cis-1,4 bond content of a unit derifedm the conjugated diene

compound is more than 92.

CITATION LIST
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[0011] PTL 1: JP 2000-154210 A
PTL 2: JP 2006-249442 A
PTL 3: JP 2006-503141 A
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PTL 5: JP 2000-154279 A
PTL 6: JP 11-228743 A

SUMMARY OF INVENTION
(Technical Problem)
[0012] Under such circumstances, an object of the presasantion is to
provide a copolymer of a conjugated diene compoand a non-conjugated
olefin that is used for manufacturing a rubber dbex® in crack growth
resistance, heat resistance and ozone resistaneelhas wear resistance,
that includes a cis-1,4 bond at a unit derived fribv@ conjugated diene
compound (conjugated diene unit), and that thelgcdsbond content of the
unit derived from the conjugated diene compoundn{agated diene unit) is
more than 926, a rubber composition containing the copolymerulaber
composition for tire treads using the rubber compos for tire tread
members, a crosslinked rubber composition obtaimgdrosslinking the
rubber composition, and a tire using the rubber position or the crosslinked
rubber composition.
(Solution to Problem)
[0013] The inventors of the present invention have madensive studies to
achieve the above-described object and found thatrgugated diene
compound/non-conjugated olefin copolymer which i#aned by
polymerizing a conjugated diene compound and a comugated olefin in the

presence of a specific catalyst involves a unitived from the conjugated
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diene compound (conjugated diene unit) having al¢fsbond content of
more than 926. The present invention has been completed basetthis
finding.

[0014] In the copolymer of a conjugated diene compound and
non-conjugated olefin according to the present imuen, the cis-1,4 bond
content of a unit derived from the conjugated dienenpound is more than 92
%.

As used herein, the term "cis-1,4 bond content" msethe proportion of
1,4-cis bonds in the conjugated diene units inuhé derived from the
conjugated diene compound.

[0015] In this copolymer, the content of the unit deriviedm the
non-conjugated olefin is more preferably 50 #obr less.

In addition, the content of 1,2 adduct units (intilug 3,4 adduct units) of the
conjugated diene compound in the unit derived frilw@ conjugated diene
compound is preferably % or less.

[0016] Besides, the copolymer preferably has a moleculaigivt
distribution (Mw/Mn) of 10 or less.

[0017] In addition, the non-conjugated olefin may prefdyabe an acyclic
olefin, more preferably have 2 to 10 carbon atomeen more preferably be at
least one selected from the group consisting oyletine, propylene and
1-butene, and most preferably be ethylene.

[0018] In addition, the conjugated diene compound prefbrdilas 4 to 8
carbon atoms, and more preferably is at least @hecsed from a group
consisting of 1,3-butadiene and isoprene.

[0019] A rubber composition according to the present inv@mincludes the
copolymer of the present invention.

[0020] Preferably, the rubber composition according to phesent invention
further includes a conjugated diene-based polymer.

[0021] Preferably, the rubber composition of the presawention further
includes carbon black, which has a nitrogen adsompspecific surface area
(N2SA) of more than 50 fig.

[0022] The rubber composition of the present inventionferably contains
the carbon black by 10 parts by mass to 70 partsnhgs per 100 parts by

mass of the rubber component.
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[0023] In the rubber composition of the present inventitdre conjugated
diene-based polymer is preferably natural rubber.

[0024] 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.

[0025] 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.

[0026] 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.

[0027] A rubber composition for tire treads according he tpresent
invention uses the rubber composition of the présewention for tire tread
members.

[0028] A crosslinked rubber composition according to thregent invention
is obtained by crosslinking the rubber compositadrthe present invention.
[0029] A tire according to the present invention is maraifaed by using the
rubber composition of the present invention or thesslinked rubber
composition of the present invention.

[0030] The tire according to the present invention usesrirbber
composition of the present invention or the craslséid rubber composition of
the present invention for tread members.

(Advantageous Effect of Invention)

[0031] With the copolymer of a conjugated diene compound a
non-conjugated olefin according to the present imtien, such a rubber may
be manufactured that is excellent in crack growdhistance, heat resistance
and ozone resistance by controlling the cis-1,4doantent of the unit
derived from the conjugated diene compound to beentban 92%.

[0032] In addition, a rubber which is excellent in weasistance and crack
growth resistance may be manufactured by mixin@mjwegated diene-based
polymer with a conjugated diene compound/non-coajed olefin copolymer
in which the cis-1,4 bond content of a unit deriiedm the conjugated diene

compound is more than 92.



10

15

20

25

30

DESCRIPTION OF EMBODIMENTS

[0033] The present invention will be described in detaldw.

The copolymer of a conjugated diene compound andraconjugated olefin
according to the present invention preferably imlds a non-conjugated olefin
as a monomer unit component in the copolymer.

Applying a copolymer of a conjugated diene and a-conjugated olefin to
the compounded rubber results in fewer double bandse unit derived from
the conjugated diene compound (the conjugated diam® in the copolymer
as compared with conjugated polymers, and therefonproved ozone
resistance.

In the copolymer of a conjugated diene compound am@én-conjugated olefin
according to the present invention, the cis-1,4doantent of the unit derived
from the conjugated diene compound (conjugated @iemit) is more than 92
%, preferably 996 or more, and more preferably 94 or more.

The cis-1,4 bond content of the unit derived frdme tonjugated diene
compound (conjugated diene unit) may be controtetbe more than 9% for
improved crack growth resistance, weather resistaard heat resistance.
The unit derived from the conjugated diene compobading a cis 1,4 bond
content of 92% or less may have lower durability (such as fraetugsistant
properties and crack growth resistance) and mayemrbibit extended
crystallinity.

The cis-1,4 bond content of the unit derived frdme tonjugated diene
compound (conjugated diene unit) may be controtiede preferably 956 or
more, more preferably 9% or more, in terms of crack growth resistance,
weather resistance and heat resistance.

The unit derived from the conjugated diene compobading a cis 1,4 bond
content in a more preferred range is advantageoutirability (such as
fracture resistant properties and crack growthgtsice) and extended
crystallinity.

The cis-1,4 bond content corresponds to an amaunle unit derived from
the conjugated diene compound, rather than the tatithe entire copolymer.
[0034] The chain structure of the conjugated diene

compound/non-conjugated olefin copolymer is nottararly limited and
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may be selected appropriately depending on thenad use, examples of
which include block-, random- and tapered-type.

[0035] The content of 1,2 adduct units (including 3,4 actdunits) of the
conjugated diene compound in the unit derived fritv@ conjugated diene
compound of the conjugated diene compound/non-ogatjed olefin
copolymer is not particularly limited, and may belected appropriately
depending on the intended use, preferabBp 6r less and more preferably 3
% 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 more than %, the resulting conjugated diene
compound/non-conjugated olefin copolymer and coajed diene-based
polymer, which will be described later, may havedextended crystallinity
and crack growth resistance as well as reduced lvegaksistance due to
formation of radicals.

On the other hand, if the content of 1,2 adductsufincluding 3,4 adduct
units) of the conjugated diene compound in the deitived from the
conjugated diene compound of the conjugated diene
compound/non-conjugated olefin copolymer is in arenpreferred range, this
is advantageous in crack growth resistance and hvegakesistance.

The content of 1,2 adduct units (including 3,4 adduwnits) corresponds to an
amount contained in the unit derived from the c@ated diene compound,
rather than the ratio to the entire copolymer.

Here, the content of 1,2 adduct units (including 8dduct units) of the
conjugated diene compound in the unit derived fritv@ conjugated diene
compound is equal to a 1,2-vinyl bond content whiee conjugated diene
compound is butadiene.

[0036] The non-conjugated olefin used as a monomer israaumjugated
olefin other than a conjugated diene compound, theddegree of freedom in
designing it as an elastomer may be improved bymeed its excellent heat
resistance, by reducing the proportion of doublad®in the main chain of
the copolymer, and by controlling its crystallinity
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[0037] The content of the unit derived from the non-corgted olefin in the
conjugated diene compound/non-conjugated olefinotymer is not
particularly limited and may be selected appropmiptdepending on the
intended use, preferably 50 nmi6lor less, more preferably 40 nd6lor less,
and particularly preferably less than 10 8ol

If the content of the unit derived from non-conjuge olefin in the conjugated
diene compound/non-conjugated olefin copolymer mwenthan 50 mdh, this
may pose challenges in kneading performance wititler and workability,
and may lead to deterioration in compatibility withe conjugated
diene-based polymer as described later, resulting reduction in weather
resistance and crack growth resistance.

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

[0038] The content of the unit derived from the conjugatkeine compound
in the conjugated diene compound/non-conjugatediml@polymer is not
particularly limited, and may be selected as appiate depending on the
application thereof. This content is preferablyrd01% or more, and more
preferably 60 md¥% or more.

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&nas 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 prefemnatye, the resulting
copolymer is advantageous in terms of workabilinddatigue resistance.
[0039] The non-conjugated olefin is preferably an acydiefin, and is
preferably amx-olefin having 2 to 10 carbon atoms. An a-olefimsha double
bond at then position of an olefin, and therefor allows effinte
copolymerization with a conjugated diene. Therefgrreferred examples of
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the non-conjugated olefin include-olefins, such as ethylene, propylene,
1-butene, 1-pentene, 1-hexene, 1-heptene, anddnrect Among these, more
preferred are ethylene, propylene and 1-butene,eamreath more preferred is
ethylene. These non-conjugated olefins may be @dede or in combination
of two or more. As used herein, olefin refers tsaturated aliphatic
hydrocarbon, which is a compound containing at {ease carbon-carbon
double covalent bond.

[0040] The conjugated diene compound preferably has 42tearbon atoms,
and preferably has 4 to 8 carbon atoms. SpecKeamgles of this conjugated
diene compound include 1,3-butadiene, isoprene,pkBtadiene,
2,3-dimethylbutadiene, and so on; among these,eprefl are 1,3-butadiene
and isoprene. In addition, these conjugated diesrapounds may be used
alone or in a combination of two or more.

Any of the aforementioned specific examples of tlmjugated diene
compound can be used for preparing the copolymdhefpresent invention in
the same mechanism.

[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] The copolymer of the present invention is free girablem of
molecular weight reduction, and the weight-averagdecular weight (Mw)
thereof is not particularly limited. However, imew 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 {@0600,000. Mw
exceeding 10,000,000 may deteriorate formabilitd arorkability.

[0043] Further, this copolymer preferably has a molecwarght

distribution (Mw/Mn) of 10 or less, more preferaldyor less, and particularly
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preferably 5 or less, which is represented by #raf weight average
molecular weight (Mw) to number average moleculaight (Mn). This is
because a molecular weight distribution exceedifigehds to
nonhomogeneous physical properties.

It should be noted here that the average molecwkight and the molecular
weight distribution may be determined by gel perth@achromatography
(GPC) using polystyrene as the standard.

[0044] Preferably, the copolymer of a conjugated diene gound and a
non-conjugated olefin according to the present iti@n does not contain an
arrangement of successive non-conjugated olefins.

[0045] Next, a method capable of manufacturing the cop@ywf the
present invention will be described in detail belowHowever, the
manufacturing method described in detail below isrety an example.

The copolymer of the present invention allows fafymerization of a
conjugated diene compound and a non-conjugatedmoiefthe presence of the
following polymerization catalyst or polymerizatiaatalyst composition
(polymerization step). It should be noted that gayymerization method
may be used, including solution polymerization, perssion polymerization,
liquid phase bulk polymerization, emulsion polyneaiion, gas phase
polymerization, solid phase polymerization, andoso In addition, in the
case of using a solvent for polymerization reactiany solvent may be used
that is inert to the polymerization reaction, inding, for example, toluene,
cyclohexane, n-hexane and mixtures thereof.

[0046] 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, exctpt the above
polymerization catalyst or polymerization catalgsmposition is used.
[0047] <First Polymerization Catalyst Composition>

An example of the aforementioned polymerizationatydt composition
includes a polymerization catalyst composition @aafter, also referred to
as a "first polymerization catalyst compositionhgluding at least one
complex selected from the group consisting of: @aallecene complex

represented by the following general formula (I)natallocene complex
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represented by the following general formula (Apd a half metallocene
cation complex represented by the following gendoamula (I11):

CpR

M =— Ly

R/\ "'(I)

C
P N—Si (R*R"R®)

si RIR®RD)

(In the formula (1), M represents a lanthanoid eé&n scandium, or yttrium,;
5 Cp" each independently represents an unsubstituteslibstituted indenyl

group; R to R each independently represent a hydrogen atom axllayi

group having 1 to 3 carbon atoms; L representsigraé Lewis base; and w

represents an integer of 0 to 3.);

CpR

X -« - (D)

10  (In the formula (I1), M represents a lanthanoidmknt, scandium, or yttrium;
Cp® each independently represents an unsubstitutesdibstituted indenyl
group; X represents a hydrogen atom, a halogen atom, axial& 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

15 integer of 0 to 3.); and

[ rj[@ ][B]O
- - - (I

(In the formula (111), M represents a lanthanoig@mlent, scandium, or yttrium;

CpR' each independently represents an unsubstitutesdibstituted
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cyclopentadienyl, indenyl, fluorenyl group; X regents a hydrogen atom, a
halogen atom, an alkoxide group, a thiolate grcarmpamide 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 camiteg a metallocene
complex. As used herein, the metallocene comp$eax 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 camsgtion is preferably
defined to fall within a range of 0.1 mol/L to 0.@D mol/L.

[0048] In the metallocene complex represented by the gdrfermulae (1)
and (I1) above, Cpin the formulae represents an unsubstituted ossted
indenyl group. CP having an indenyl ring as a basic skeleton may be
represented by §7-xRx or GH11-xRx. Here, X represents an integer of 0
to 7 or 0to 11. 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
described above. Specific examples of the metdlgrioup include a
trimethylsilyl group. Specific examples of the suibuted 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.
[0049] In the half metallocene cation complex represeriigdhe general
formula (1), CP¥ in the formula represents a substituted or unsubtet
cyclopentadienyl, indenyl, or fluorenyl group, withe substituted or
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unsubstituted indenyl group being preferred. RQpaving a cyclopentadienyl
ring as a basic skeleton is represented bM{C<Rx. Here, X represents an
integer of 0 to 5. Further, R each independentlgf@rably represents a
hydrocarbyl group or a metalloid group. The hydadzyl group preferably
has 1 to 20 carbon atoms, more preferably 1 todr®d@n atoms, and still more
preferably 1 to 8 carbon atoms. Preferred spe@kamples 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
described above. Specific examples of the metdlgrioup include a
trimethylsilyl group. CPB 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.)

[0050] In the general formula (I11), 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).

[0051] In the general formula (I11), Cp having the fluorenyl ring above as a
basic skeleton may be represented hyHg_xRx or CisH;7-xRx. Here, X
represents an integer of 0to 9 or 0 to 17. FurtReeach independently
preferably represents a hydrocarbyl group or a mh@thgroup. The
hydrocarbyl group preferably has 1 to 20 carbometpmore preferably 1 to
10 carbon atoms, and still more preferably 1 tca8on atoms. Preferred
specific examples of the hydrocarbyl group inclidenethyl group, an ethyl
group, a phenyl group, and a benzyl group. Examplemetalloid 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
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hydrocarbyl group described above. A specific egbarof the metalloid
group includes a trimethylsilyl group.

[0052] The central metal represented by M in the genesahiilae (1), (I1),
and (l1l) 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), prasgadum (Pr),
gadolinium (Gd), cerium (Ce), holmium (Ho), scanai{Sc), and yttrium (Y).
[0053] The metallocene complex represented by the gerferaiula (1)
includes a silyl amide ligand represented by [-NR9),]. Groups
represented by R (Ro R in the general formula (1)) in the silyl amide 4gd
each independently represent a hydrogen atom alleyl group having 1 to 3
carbon atoms, and it is preferred that at least @n@® to R represents a
hydrogen atom. With at least one ot ® R representing a hydrogen atom,
the catalyst can be synthesized with ease, andtlieness around silicon can
be reduced, to thereby allow the non-conjugatedioml® be easily introduced.
Based on the same objective, it is further preféteat at least one of’Ro R°
represents a hydrogen atom, and at least one’ @6 R represents a hydrogen
atom. Additionally, a methyl group is preferredthg alkyl group.

[0054] The metallocene complex represented by the gerferaiula (l1)
includes a silyl ligand represented by [-SiX 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).

[0055] 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, anldydrocarbon group having
1 to 20 carbon atoms. In the general formula (Ithe alkoxide group
represented by X may be any one of aliphatic alkgryups such as a
methoxy group, an ethoxy group, a propoxy groupnasutoxy group, an
isobutoxy group, a sec-butoxy group, and a tertelytgroup; and aryl oxide
groups (aromatic alkoxy groups) such as a phenaxyg, 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
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2-tert-butyl-6-neopentylphenoxy group, and a
2-isopropyl-6-neopentylphenoxy group. Among thegeeferred is the
2,6-di-tert-butylphenoxy group.

[0056] 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.

[0057] In the general formula (Il1), the amide group regpeated 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.

[0058] 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 trimethylkil(dimethyl)silyl group,
and a triisopropylsilyl(bistrimethylsilyl)silyl gnep. Among these, preferred
is the tris(trimethylsilyl)silyl group.

[0059] In the general formula (l1l), the halogen atom regented by X may
be any one of a fluorine atom, a chlorine atomy@ntine atom, and an iodine
atom; among these, preferred are the chlorine anoththe iodine atom.
Specific examples of the hydrocarbon group having 20 carbon atoms
represented by X include: linear or branched altphhydrocarbon groups
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such as a methyl group, an ethyl group, an n-prauglup, an isopropyl group,
an n-butyl group, an isobutyl group, a sec-butydugr, a tert-butyl group, a
neopentyl group, a hexyl group, and an octyl groammatic 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, preferaee the methyl group, the
ethyl group, the isobutyl group, the trimethylsityéthyl group, and the like.
[0060] In the general formula (lIl), the bistrimethylsilgmide group or the
hydrocarbon group having 1 to 20 carbon atoms efqared as X.

[0061] In the general formula (l11), examples of the nomecdinating anion
represented by [B]include tetravalent boron anions. Specific exagspbf
the tetravalent boron anion include tetraphenylater
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. Amongehgseferred is the
tetrakis(pentafluorophenyl)borate.

[0062] 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 0 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
Lewis bases represented by L are incorporated,es$pe L may be the same
as or different from each other.

[0063] The metallocene complexes represented by the gefmraulae (1) to
(1), and the half metallocene cation complex regaeted by the general
formula (I11) may be each present as a monomerinaed or a higher-order
multimer.

[0064] The metallocene complex represented by the gerferaiula (1) can

be obtained by, for example, subjecting a lanthdroishalide, a scandium
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trishalide, or a yttrium trishalide to reaction ansolvent with a salt of indenyl
(for example, a potassium salt or a lithium saljpa salt of
bis(trialkylsilyl)amide (for example, a potassiuralsor 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 savéens of hours. Although
not particularly limited, a reaction solvent is preably 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

MX”; + 2Cp°Li + KN —Si R*R"R®) - /M\‘ Ly

Si (RIR°RE) c* N—SiR*R°RY)

i R'R°R")

(1)
(In the Formula, X represents a halide.)
[0065] 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, andtttrusomplex can be
manufactured in mild conditions. In addition, r&aa time is arbitrary, but
about several hours to several tens of hours. &ttien solvent is not
particularly limited, with a solvent that dissolvdse 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
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MX”y + 2Cp"Li + KSiXy, ——= M <—Ly

(In the Formula, X represents a halide.)
[0066] The half metallocene cation complex representedhieygeneral
formula (Ill) can be obtained by, for example, tioélowing reaction:

R R
Cp p

C
| @® |
—— Ly + [A] [B — @
/M\X ¥ [][] [ M\X ] [B]

o' (V) L (m)
[0067] In the general formula (IV) representing a compoukidrepresents a
lanthanoid element, scandium, or yttrium; Cdependently represents an
unsubstituted or substituted cyclopentadienyl, mdeor fluorenyl; X
represents a hydrogen atom, a halogen atom, axiaé&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 [M§]” representing an ionic
compound, [A] represents a cation; and [Bijepresents a non-coordinating
anion.

[0068] Examples of the cation represented by Ajclude 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 includeubstituted carbonium
cations such as a triphenylcarbonium cation and(aubstituted
phenyl)carbonium cation. Specific examples of thésubstituted
phenyl)carbonium cation include a trilmethylphem@)bonium cation.
Examples of the amine cation include: trialkylamman cations such as a
trimethylammonium cation, a triethylammonium cati@ntripropylammonium
cation, and a tributylammonium cation; N,N-dialkglanium cations such as

a N,N-dimethylanilinium cation, a N,N-diethylaniiunm cation, and a
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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 trilmethylph@plyosphonium cation,
and a tri(dimethylphenyl)phosphonium cation. Oé&ske cations, the
N,N-dialkylanilinium cations or the carbonium cat® are preferred, and the
N,N-dialkylanilinium cations are particularly prefed.

[0069] In the general formula [A]B]” representing the ionic compound to
be used in the above reaction is a compound obdialiyecombining any one
selected from the non-coordinating anions descridledve 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 [[H] " 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 (Illus®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 geEnermula (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 byg#dreeral formula (I) or
(1) and the ionic compound represented by the gah®rmula [A]'[B] in
combination.

[0070] Structures of the metallocene complex representethb general
formula (I) or (II) and of the half metallocene oat complex represented by
the general formula (Il1) is preferably determinley X-ray crystallography.
[0071] The co-catalyst that can be contained in the fipisiymerization
catalyst composition may be arbitrarily selectednfircomponents used as the

co-catalyst for the general polymerization catalygsimposition containing a
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general metallocene complex. Preferred examplefhefco-catalyst include
aluminoxanes, organic aluminum compounds, and theeva ionic compounds.
These co-catalysts may be contained alone or inbéoation of two or more.
[0072] The aluminoxane is preferably an alkyl aluminoxaearamples 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 catdalgemposition is preferably
about 10 to 1,000, more preferably about 100, ael@ment ratio (Al/M) of
the aluminum element Al of the aluminoxane to tleatrtal metal element M
in the metallocene complex.

[0073] 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 Cto Cyp or a hydrogen atom, and'Rs a hydrocarbon
group of G to Cp). Examples of the organic aluminum compound inewa
trialkyl aluminum, a dialkyl aluminum chloride, aikyl aluminum dichloride,
and a dialkyl aluminum hydride; among these, preddris the trialkyl
aluminum. In addition, examples of the trialkybalinum include triethyl
aluminum and triisobutyl aluminum. The contenttbé organic aluminum
compound in the first polymerization catalyst commfimn is preferably 2-fold
mol to 50-fold mol and more preferably about 10ef@hol, with respect to the
metallocene complex.

[0074] 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 therefctrease the cis-1,4 bond
content and the molecular weight of a copolymeb¢oobtained.

[0075] <Second Polymerization Catalyst Composition>

Another preferred example of the aforementionedypdrization 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
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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 second
polymerization catalyst composition contains atsteane kind of the ionic
compound (B-1) and the halogen compound (B-3),gblmerization catalyst
composition further contains:
component (C): an organic metal compound represkhjethe following
general formula (X):

YRYRERE, - (X)
(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).
[0076] The above-described second polymerization catadgstposition
used in the method of manufacturing the copolynsereiquired to contain the
above-described components (A) and (B), and ifgbbymerization 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 an
organometallic compound represented by the follgMormula:
component (C) represented by the following genéoamula (X):

YRY.R?,R®, MI(X)

(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 asnd R is a hydrocarbon
group having 1 to 10 carbon atoms, in whichrRay be the same as or
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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). The ionic compound (B-1) and the halogempound (B-3) do not
have carbon atoms to be fed to the component (AJ, taus the component
(C) becomes necessary as a source of feeding cadtire component (A).
Here, the polymerization catalyst composition smildy include the
component (C) even if the polymerization catalysinposition includes the
aluminoxane (B-2). Further, the second polymeiimatcatalyst composition
may further include another component such as aatalyst, which is
contained in a general rare earth element compdwasged polymerization
catalyst composition. In the polymerization systdhe concentration 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.

[0077] The component (A) contained in the second polynmeion catalyst
composition is a rare earth element compound ceaatant of the rare earth
element compound and a Lewis base. Here, a raith eeement compound
or a reactant of the rare earth element compoumdaabewis 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 incliel@hanum, cerium,
praseodymium, neodymium, promethium, samarium, pwnm, gadolinium,
terbium, dysprosium, holmium, erbio, tulio, itteohiand lutezio. These
components (A) may be contained alone or in comtvomaof two or more.
[0078] The rare earth element compound is preferably caardoof a rare
earth metal of a bivalent or trivalent salt or oE@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
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of the rare earth element compound and the Lewsehba represented by the
following general formula (XI) or (XII):

MY M- Lt w (X1

MY M- L [mm (X i)
(where: M represents a lanthanoid element, scandium, oruyttr X** each
independently represent a hydrogen atom, a halegem, an alkoxy group, a
thiolate group, an amide group, a silyl group, dhehyde residue, a ketone
residue, a carboxylic acid residue, a thiocarboxwcid residue, or a
phosphorous compound residué; kepresents a Lewis base; and w represents
0 to 3).
[0079] 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-setoxy 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; aliphaticalate 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 @jpicopyl 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
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trimethylsilyl group, a tris(trimethylsilyl)silyl goup, a
bis(trimethylsilyl)methylsilyl group, a trimethylkil(dimethyl)silyl group,

and a triisopropylsilyl(bistrimethylsilyl)silyl grnop; halogen atoms such as a
fluorine atom, a chlorine atom, a bromine atom, amdiodine atom. Other
examples may include: residues of aldehyde sucéadisylaldehyde,
2-hydroxy-1-naphthaldehyde, and 2-hydroxy-3-naphtbhyde; residues of
hydroxyphenone such as-Bydroxyacetophenone,-hydroxybutyrophenone,
and 2-hydroxypropiophenone; residues of diketone sucla@stylacetone,
benzoylacetone, propionylaceton, isobutyl acetoraderylacetone, and
ethylacetylacetone; residues of an carboxylic atidh 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 prctdmanufactured by Shell
Chemicals Japan Ltd., a synthetic acid composed wifixture of C10
monocarboxylic acid isomers), a phenylacetic aeidenzoic acid,
2-naphthoate acid, a maleic acid, and a succinid;aesidues of
thicarboxylic acid such as a hexanethioic acid,-@ifethylbutanethioic acid,
a decanethioic acid, and a thiobenzoic acid; ressdof phosphoric acid ester
such as a phosphoric acid dibutyl, a phosphorid aépentyl, 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),pphoric 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 phosphonidanbno-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
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phosphinic acid, a diphenyl phosphinic acid, a pispnylphenyl)phosphinic
acid, a butyl(2-ethylhexyl) phosphinic acid,
(2-ethylhexyl)(1-methylheptyl)phosphinic acid, an
(2-ethylhexyl)(p-nonylphenyl) phosphinic acid, atpluphosphinic acid,
2-ethylhexyl phosphinic acid, a 1-methylheptyl ppb&ic acid, an oleyl
phosphinic acid, a lauryl phosphinic acid, a pheplgbsphinic acid, and a
p-nonylphenyl phosphinic acid. These ligands mayused alone or in
combination of two or more. Of those, amide groupkich easily form
active species through reaction with co-catalyse, preferred.

[0080] 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 igrZ3 in Formulae (XI) and
(XI1)), the Lewis base t'in each formula may be the same as or different
from each other.

[0081] The component (B) contained in the second polynmeian catalyst
composition is at least one compound selected frleengroup 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).
[0082] The ionic compound represented by (B-1) is forméd o
non-coordinating anion and cation, and an exampérdof 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(tetrafiophenyl)borate,
tetrakis(pentafluorophenyl)borate, tetrakis(tetuailomethylphenyl)borate,
tetra(tolyl)borate, tetra(xylyl)borate, (tripheydentafluorophenyl)borate,
[tris(pentafluorophenyl), phenyl]borate, and
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tridecahydride-7,8-dicarbaundecaborate. Meanwlalbe@mples 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
include trisubstituted carbonium cations such dadghenylcarbonium cation
and a tri(substituted phenyl)carbonium cation, amare 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 preférdde 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 Ipwith respect to the
component (A).

[0083] The aluminoxane represented by (B-2) is a compoaiéined by
contacting an organic aluminum compound with a corghtion 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
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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 grougpth the methyl group
being preferred. Further, examples of the orgadioninum compound used
as a raw material of the aluminoxane may includilkyl aluminums such as
trimethyl aluminum, triethyl aluminum, triisobut@lluminum and the like; and
mixtures thereof, with the trimethyl aluminum beipgrticularly preferred.
For example, an aluminoxane obtained using, asramaterial, 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).

[0084] The halogen compound represented by (B-3) incluatdgast one of:
a Lewis acid; a complex compound of a metal hahae 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 esmrgh element compound,
so as to form a compound, such as a cationic tteomsmetal compound, a
halogenated transition metal compound or a compoamitld a charge-deficient
transition metal center. The content of the halogempound in the second
polymerization catalyst composition is preferabladld mol to 5-fold mol,
with respect to the component (A).

[0085] 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 IV, 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;
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a dibutyl aluminum bromide; a dibutyl aluminum chide; a methyl aluminum
sesquibromide; a methyl aluminum sesquichloridettayl aluminum
sesquibromide; an ethyl aluminum sesquichloriddjkautyltin dichloride; an
aluminum tribromide; an antimony trichloride; antaemony pentachloride; a
phosphorus trichloride; a phosphorus pentachloredén tetrachloride; a
titanium tetrachloride; and tungsten hexachloridéAmong these, particularly
preferred are the diethyl aluminum chloride, theygtaluminum
sesquichloride, the ethyl aluminum dichloride, thethyl aluminum bromide,
the ethyl aluminum sesquibromide, and the ethyhdhum dibromide.

[0086] Preferred examples of the metal halide forming emptex compound
of the metal halide and a Lewis base include: a/lbiem 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 calcilmorede, 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.

[0087] 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 phbate; a tri-2-ethylhexyl
phosphate; a triphenyl phosphate; a tricresyl phas@; a triethylphosphine; a
tributylphosphine; a triphenylphosphine; a diethytgphinoethane; a
diphenylphosphinoethane; an acetylacetone; a bdazejone; a
propionitrileacetone; a valerylacetone; an ethytgtzcetone; a methyl
acetoacetate; an ethyl acetoacetate; a phenyl acetate; a dimethyl

malonate; a diethyl malonate; a diphenyl malonate acetic acid; an octanoic



10

15

20

25

30

-30 -

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-ethylhexhdodol; 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
phosphate; the acetylacetone, the 2-ethylhexoid,atie versatic acid, the
2-ethylhexyl alcohol; the 1-decanol; and the lauajdohol.
[0088] The Lewis base is subjected to reaction with theahbkalide in the
proportion of 0.01 mol to 30 mol, preferably 0.5Imo 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
An example of the organic compound containing aetimalogen includes
benzyl chloride.
[0089] The component (C) contained in the second polynagion catalyst
composition is an organic metal compound represtbtethe general formula
(X):

YRYLR%RE, - (X)
(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 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,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 (Xa):

AIR'R?R® -+ (Xa)
(where R and R are the same or different hydrocarbon groups dwoling 1
to 10 carbon atoms or a hydrogen atom; arfidsRa hydrocarbon group having
1 to 10 carbon atoms, in which®*Ray be the same as or different from &
R? above). Examples of the organic aluminum compoimthe formula (X)
include: a trimethyl aluminum, a triethyl aluminum,tri-n-propyl aluminum,

a triisopropyl aluminum, a tri-n-butyl aluminum,taisobutyl aluminum, a



10

15

20

25

30

-31-

tri-t-butyl aluminum, a tripentyl aluminum, a trikgl aluminum, a
tricyclohexyl aluminum, a trioctyl aluminum; a drstlaluminum 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
aluminum dihydride, a n-propyl aluminum dihydridend an isobutyl
aluminum dihydride. Among these, preferred are tifiethyl aluminum, the
triisobutyl aluminum, the diethyl aluminum hydridand the diisobutyl
aluminum hydride. The organic aluminum compoundgte component (C)
may be contained alone or in combination of twarmre. The 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
[0090] <Polymerization Catalyst and Third Polymerization Catalyst
Composition>
Examples of the polymerization catalyst includematallocene-based
composite catalyst which is used for polymerizatwinh the conjugated diene
compound and the non-conjugated olefin and is regméed by the following
formula (A):

RaMXpQYp [I(A)
(where R each independently represents an unsubetditor substituted
indenyl group, the R being coordinated with M; Mpresents a lanthanoid
element, scandium, or yttrium; X each independen¢lgresents a
hydrocarbon group having 1 to 20 carbon atoms,XHeingu-coordinated
with M and Q; Q represents a Group 13 element snghriodic table; Y each
independently represents a hydrocarbon group hatibg 20 carbon atoms or
a hydrogen atom, the Y being coordinated with Qd arandb each are 2).
[0091] Preferred examples of the above-described metatledsmsed
composite catalyst include a metallocene-based osme catalyst
represented by the foIIowing formula (XV):

(XV)
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(where M represents a lanthanoid element, scandium, ofuyttr Cg® each
independently represents an unsubstituted or sutted indenyl group; Rto
R® each independently represent a hydrocarbon grawiniy 1 to 20 carbon
atoms, R and R beingu-coordinated with M and Al; and R and R’ each
independently represent a hydrocarbon group hating 20 carbon atoms or a
hydrogen atom).
[0092] In addition, the above-described third polymeripaticatalyst
composition contains the above-described metalleeleased composite
catalyst and a boron anion.
[0093] <Metallocene-based Composite Catalyst>
The above-described metallocene-based compositdysatwill now be
described in detail below. The above-describedaitietene-based
composite catalyst has a rare earth element ohkmiid element, scandium
or yttrium and a group 13 element in the periodible, and is represented by
the following formula (A):

RaMX,QY), I(A)
(where R each independently represents an unsubetditor substituted
indenyl group, the R being coordinated with M; Mpresents a lanthanoid
element, scandium, or yttrium; X each independen¢lgresents a
hydrocarbon group having 1 to 20 carbon atoms,XHeingp-coordinated
with M and Q; Q represents a Group 13 element snghriodic table; Y each
independently represents a hydrocarbon group hatibg 20 carbon atoms or
a hydrogen atom, the Y being coordinated with Qd arandb each are 2).
The above-described metallocene-based polymerinatédalyst allows for
manufacture of a copolymer of a conjugated dienmpound and a
non-conjugated olefin. In addition, the use of "#i®ve-described
metallocene-based composite catalyst, such asnkecombined with an
aluminum-based catalyst, can reduce or eliminageammount of alkyl
aluminum to be used in the step of synthesizingpotymer. Meanwhile,
the use of a conventional catalyst system requarésrge amount of alkyl
aluminum to be used in synthesizing a copolymeror &ample, a
conventional catalyst system requires alkyl alunminof at least 10
equivalents relative to a metal catalyst, wherdesabove-described
metallocene-based composite catalyst of the presmmntion can exhibit an
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excellent catalytic effect through the additionadkyl aluminum of only about
5 equivalents.

[0094] In the metallocene-based composite catalyst, theahrepresented by
M in the formula (A) is a lanthanoid element, scaumd, or yttrium. The
lanthanoid elements include 15 elements with atomimbers 57 to 71, and
may be any one of them. Preferred examples ofmié&al represented by M
include samarium (Sm), neodymium (Nd), praseodym{im), gadolinium
(Gd), cerium (Ce), holmium (Ho), scandium (Sc), artium (Y).

[0095] In the formula (A), R each independently represerisunsubstituted
or substituted indenyl, the R being coordinatedhwtite metal M. Specific
examples of the substituted indenyl group includk & 3-trimethyl indenyl
group, a heptamethyl indenyl group, and a 1,2,4/5texamethyl indenyl
group.

[0096] In the formula (A), Q represents a Group 13 elemarthe periodic
table. Specific examples thereof include: bordomdnum, gallium, indium,
and thallium.

[0097] In the formula (A), X each independently represeamtsydrocarbon
group having 1 to 20 carbon atoms, the X bejingoordinated with M and Q.
Here, examples of the hydrocarbon group having 2aaarbon atoms
include: a methyl group, an ethyl group, a propgouyp, a butyl group, a
pentyl group, a hexyl group, a heptyl group, anybgroup, a decyl group, a
dodecyl group, a tridecyl group, a tetradecyl groapentadecyl group, a
hexadecyl group, a heptadecyl group, and a stegmoip. The
pu-coordination refers to a state of coordination erhforms a crosslinked
structure.

[0098] In the formula (A), Y each independently represeamtsydrocarbon
group having 1 to 20 carbon atoms or a hydrogematde 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 tet@ad@roup, a pentadecyl
group, a hexadecyl group, a heptadecyl group, astearyl group.

[0099] In the formula (XV) above, the metal represented\yis a

lanthanoid element, scandium, or yttrium. The hartoid elements include
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15 elements with atomic numbers 57 to 71, and mawaiy one of them.
Preferred examples of the metal represented Byridlude samarium (Sm),
neodymium (Nd), praseodymium (Pr), gadolinium (Gd@rium (Ce),

holmium (Ho), scandium (Sc), and yttrium (Y).

[0100] In the formula (XV), CP represents an unsubstituted or substituted
indenyl. Cf having an indenyl ring as a basic skeleton maydmesented
by CoH7-xRx or CoHi11-xRx. Here, X represents an integer of 0 to 7 or O to
11. Further, R each independently preferably repnés a hydrocarbyl group
or a metalloid group. The hydrocarbyl group pratey has 1 to 20 carbon
atoms, more preferably 1 to 10 carbon atoms, ainldnsore preferably 1 to 8
carbon atoms. Preferred specific examples of tyardicarbyl group include
a methyl group, an ethyl group, a phenyl group, anzenzyl group.
Examples of metalloid in the metalloid group incéudermyl (Ge), stannyl
(Sn), and silyl (Si). In addition, the metalloidogp preferably has a
hydrocarbyl group which is similar to the hydrocwrlgroup described above.
A specific example of the metalloid group includes$rimethylsilyl group.
Specific examples of the substituted indenyl grongude 2-phenyl indenyl
and 2-methyl indenyl group. Two €pn the formula (XV) may be the same
as or different from each other.

[0101] In the formula (XV), B and P each independently represent a
hydrocarbon group having 1 to 20 carbon atoms,Riiend R being
p-coordinated with M and Al.  Here, examples of the hydrocarbon group
having 1 to 20 carbon atoms include: a methyl groap ethyl group, a propyl
group, a butyl group, a pentyl group, a hexyl groagheptyl group, an octyl
group, a decyl group, a dodecyl group, a trideayup, a tetradecyl group, a
pentadecyl group, a hexadecyl group, a heptademum and a stearyl group.
The p-coordination refers to a state of coordination ethforms a crosslinked
structure.

[0102] In the formula (XV), R and R each independently represent a
hydrocarbon group having 1 to 20 carbon atoms by@ogen atom. Here,
examples of the hydrocarbon group having 1 to 2®ca atoms include: a
methyl group, an ethyl group, a propyl group, aybugroup, a pentyl group, a
hexyl group, a heptyl group, an octyl group, a degrpup, a dodecyl group, a
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tridecyl group, a tetradecyl group, a pentadecylugr, a hexadecyl group, a
heptadecyl group, and a stearyl group.
[0103] The metallocene-based composite catalyst can bairdd by, for
example, reacting with an organic aluminum compouagresented by
AIR¥R'RM in a solvent, the metallocene complex represebtethe following
formula (XVI):

CpR

2 e
) R/M\ e (XVT)
P N—Si (RER'RY)
Si/ (R"R'RY)
(where, M represents a lanthanoid element, scandium, oiuyttr Cp® each
independently represents an unsubstituted or sutted indenyl group; Rto
R’ each independently represent an alkyl group hating 3 carbon atoms or
a hydrogen atom; L represents a neutral Lewis basd;w represents an
integer of 0 to 3.). The reaction temperature om&eds to be set to about
room temperature, and thus the complex can be naaufed in mild
conditions. In addition, reaction time is arbityabut about several hours to
several tens of hours. The reaction solvent ispaaticularly limited, and
any solvent including, for example, toluene and drex, which are capable of
dissolving the raw material and products can bdgrebly used. The
structure of the metallocene-based composite catahay preferably be
determined by'H-NMR or X-ray crystallography.
[0104] In the metallocene complex represented by the foan{¥VI) above,
Cp" is an unsubstituted indenyl or substituted indearytl has the same
meaning as Cpin the formula (XV) above. In addition, in therfoula
(XVI1) above, metal M is a lanthanoid element, scandium or yttrium aag h
the same meaning as metal M the formula (XV) above.
[0105] The metallocene complex represented by the fornfhl) above
includes a silylamide ligand [-N(SiR]. 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. oAé least one of Rto
R’ is preferably a hydrogen atom. If at least oneRbfto R’ is a hydrogen
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atom, it becomes easier to synthesize a catalyAdditionally, a methyl
group is preferred as the alkyl group.

[0106] The metallocene complex represented by the fornfMl) above
further contains O to 3, preferably O or 1 neutralvis bases represented by L.
Examples of the neutral Lewis base L include teydalofuran, diethyl ether,
dimethylaniline, trimethylphosphine, lithium chlade, neutral olefins, and
neutral diolefins. When a plurality of neutral Leswbases represented by L
are incorporated, respective L may be the sameféerént from each other.
[0107] In addition, the metallocene complex representedh®yformula
(XVI) may be present as a monomer, a dimer or @&érgorder multimer.
[0108] On the other hand, the organic aluminum compourgtusr
generating the above-described metallocene-baserpasite catalyst is
represented by AIRR'RY, 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 caratoms, in which B may
be the same as or different fro!f Br R- above. Here, examples of the
univalent hydrocarbon group having 1 to 20 carbtones include: a methyl
group, an ethyl group, a propyl group, a butyl gvpa pentyl group, a hexyl
group, a heptyl group, an octyl group, a decyl groa dodecyl group, a
tridecyl group, a tetradecyl group, a pentadecyugr, a hexadecyl group, a
heptadecyl group, and a stearyl group.

[0109] Specific examples of the organic aluminum compourdude: a
trimethyl aluminum, a triethyl aluminum, a tri-n-guyl aluminum, a
triisopropyl aluminum, a tri-n-butyl aluminum, aigobutyl aluminum, a
tri-t-butyl aluminum, a tripentyl aluminum, a trikgl aluminum, a
tricyclohexyl aluminum, a trioctyl aluminum; a distlaluminum 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
aluminum dihydride, a n-propyl aluminum dihydridend an isobutyl
aluminum dihydride. Among these, preferred are tifiethyl aluminum, the
triisobutyl aluminum, the diethyl aluminum hydridand the diisobutyl
aluminum hydride. These organic aluminum compoum&y be contained

alone or in combination of two or more. The coritehthe organic
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aluminum compound to be used for generating theallmtene-based
composite catalyst is preferably 1-fold mol to 5dlef mol, and more
preferably about 10-fold mol, with respect to thetallocene complex.
[0110] <Third Polymerization Catalyst Composition>

Preferred examples of the polymerization catalymhposition include the
above-described metallocene-based composite catahd boron anion.
Furthermore, this polymerization catalyst compaxmitpreferably includes
another component such as a co-catalyst, whicloigained in a general
polymerization catalyst composition containing atalcene-based catalyst.
Here, the third polymerization catalyst compositismalso referred to
two-component catalyst, which has the metalloceaseld composite catalyst
and boron anion. As is the case with the metalh@ecbased composite
catalyst, the third polymerization catalyst compgomi further contains boron
anion, which allows arbitrary control of the conteaf each monomer
component in the copolymer.

[0111] In the third polymerization catalyst compositionspecific example
of the boron anion forming the two-component casalyncludes a tetravalent
boron anion. Examples thereof may include: a {@temnyl borate, a
tetrakis(monofluorophenyl)borate, a tetrakis(difftaphenyl)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), phenyllborate, and a
tridecahydride-7,8-dicarbaundecaborate; among thpsaferred is the
tetrakis(pentafluorophenyl)borate.

[0112] The boron anion may be used as an ionic compoumtbared with
cation. Examples of the cation include a carbonization, an oxonium
cation, an amine cation, a phosphonium cation, @daheptatrienyl cation, and
a ferrocenium cation containing a transition metaExamples of the
carbonium cation include trisubstituted carboniuations such as a
triphenylcarbonium cation and a tri(substituted pylgcarbonium cation, and
specific examples of the tri(substituted phenyljmarium cation include a
trilmethylphenyl)carbonium cation. Examples of @mmine cation include:

trialkylammonium cations such as a trimethylammonication, a



10

15

20

25

30

-38 -

triethylammonium cation, a tripropylammonium catjand a
tributylammonium cation; N,N-dialkylanilinium catins such as a
N,N-dimethylanilinium cation, N,N-diethylaniliniumation, 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. Oésk cations, the
N,N-dialkylanilinium cations or the carbonium cat® are preferred, and the
N,N-dialkylanilinium cations are particularly prefed. Therefore,
preferred examples of the ionic compound includg,B-dimethylanilinium
tetrakis(pentafluorophenyl)borate and a triphenyb@mium
tetrakis(pentafluorophenyl)borate. The contenths ionic compound
including a boron anion and a cation may preferaidyadded by 0.1-fold mol
to 10-fold mol, and more preferably by about 1-fohdl, with respect to the
metallocene-based composite catalyst.

[0113] While it is required to use the above-describedatietene-based
composite catalyst and the above-described boraonaim the
above-described third polymerization catalyst cosipion, if a boron anion is
present in the reaction system in which the metahe catalyst represented
by the formula (XVI) above is reacted with the ongaaluminum compound,
it is not possible to synthesize the metallocenselllacomposite catalyst of the
formula (XV) above. Accordingly, preparation ofetlabove-described third
polymerization catalyst composition requires thetall®@cene-based
composite catalyst to be synthesized in advanceiswldted and purified
before combined with a boron anion.

[0114] Preferred examples of the co-catalyst that candrgained in the
third polymerization catalyst composition may indeuan organic aluminum
compound represented by the AIR"RV, and also include an aluminoxane.
The aluminoxane is preferably an alkyl aluminoxaeramples of which
include methyl aluminoxane (MAO) and modified meftlyuminoxane. In
addition, preferred examples of the modified metajlminoxane include
MMAO-3A (manufactured by Tosoh Finechem Corporaj)ionThese

aluminoxanes may be contained alone or in combamaaf two or more.
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[0115] In the method of manufacturing the copolymer, ascdded above,
polymerization may be performed using a generalrdotmated ionic
polymerization catalyst similarly to a conventiomaéthod of manufacturing a
copolymer, except for the use of the above-desacripelymerization catalyst
or polymerization catalyst composition. Here, thethod of manufacturing
the copolymer can be performed in, for examplehe&itone of the following
manners: (1) the components forming the polymeraatatalyst composition
may be separately provided in the polymerizatiosteyn including, as
monomers, a conjugated diene compound and a nojugated olefin other
than the conjugated diene compound, to thereby ygecedhe polymerization
catalyst composition in the reaction system, ort{® polymerization catalyst
composition prepared in advance may be provided the polymerization
system. Further, the option (2) also includes pdow the metallocene
complex (active species) activated by the co-cattaly The amount of the
metallocene complex to be contained in the polyzatibn catalyst
composition is preferably set to fall within a rangf 0.0001-fold mol to
0.01-fold mol with respect to the total amount bétconjugate diene
compound and the non-conjugated olefin other thendonjugate diene
compound.

[0116] Further, in the method of manufacturing the copodyma terminator
such as methanol, ethanol or isopropanol may bel asestop the
polymerization.

[0117] In the method of manufacturing the copolymer, tloidymerization
reaction of the conjugated diene compound and tre-econjugated olefin may
preferably be performed in an inert gas atmosphanel, preferably in nitrogen
or argon atmosphere. The polymerization tempertirthe polymerization
reaction is not particularly limited, and preferpbh a range of, for example,
-100°C to 200°C, and may also be set to temperatures around room
temperature. An increase in polymerization tempem may reduce the
cis-1,4-selectivity in the polymerization reactionThe polymerization
reaction is preferably performed under pressura nange of 0.1 MPa to 10.0
MPa so as to allow the conjugated diene compourditaea non-conjugated
olefin to be sufficiently introduced into the polgmzation system. Further,

the reaction time of the polymerization reactiomus particularly limited,
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and may preferably be in a range of, for examplegtond to 10 days, which
may be selected as appropriate depending on thditons such as the type of
monomers to be polymerized, type of catalyst antymerization
temperature.
[0118] In the aforementioned method of manufacturing tbpalymer, when
the conjugated diene compound is polymerized whigh non-conjugated olefin
other than the conjugated diene compound, the pressf the non-conjugated
olefin is preferably in the range of 0.1 MPa toMI®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.
[0119] According to the above-described method of manufdng the
copolymer, in polymerizing a conjugated diene conmpd and a
non-conjugated olefin other than the conjugatechdieompound, the
concentration of the conjugated diene compound (jand the
concentration of the non-conjugated olefin (molAdt)the start of
copolymerization preferably satisfy the followinglation:
concentration of non-conjugated olefin/concentratod
conjugated diene compourxdl.0;
further preferably satisfy the following relation:
concentration of non-conjugated olefin/concentratod
conjugated diene compourxdl.3;
and still further preferably satisfy the followirrglation:
concentration of non-conjugated olefin/concentratod
conjugated diene compourx1.7.
The ratio of the concentration of the non-conjugatéefin 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.
[0120] In addition, even without using the above-descrilbiesit

polymerization catalyst composition, second polyimation catalyst
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composition, polymerization catalyst or third polgneation catalyst
composition, i.e., even when a normal coordinat@uid polymerization
catalyst is used, the above-described copolymer beynanufactured by
adjusting the way monomers are fed into the polyimegtion system.
Specifically, a second method of manufacturing alh®ve-described
copolymer has a feature in that charging of a cgajed diene compound is
controlled in the presence of a non-conjugatedinleb as to organize the
chain structure of the copolymer, to thereby cohthe arrangement of
monomer units in the copolymer. As used hereiwe, tBrm "polymerization
system" refers to the location where a conjugateshel compound and a
non-conjugated olefin are copolymerized, and spea@kamples thereof
include a reaction container.

[0121] 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 continigharging refers to, for
example, adding a conjugated diene compound atrtaiceaddition rate for a
certain period.

[0122] 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 afteritiation of the
polymerization of the non-conjugated olefin.

[0123] For example, if the above-described copolymer isafactured by
using the second method of manufacturing the compelyaccording to the
present invention, it is effective to continuouslyarge a conjugated diene
compound in the presence of a non-conjugated oliefio the polymerization
system in which polymerization of the non-conjughtdefin has been

initiated in advance. It is particularly effective repeat the following



10

15

20

25

30

-42 -

operation at least twice when a multiblock copolynemanufactured by
using the second method of manufacturing the copely polymerize a
non-conjugated olefin in the polymerization systeand then continuously
charging a conjugated diene compound into the pelynation system in the
presence of the non-conjugated olefin.

[0124] 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-conjugatedrobef monomers, except
in that the way of charging monomers into the poédymation system is
specified as described above.

[0125] 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. Examples of the metiantrolling the
introduction of the conjugated diene compound magiude, but not limited
to: a controlling method based on a computer progoa the like; and an
analog control method with the use of a timer og ttke. 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 camgd, one to five times
are preferred, although not particularly limitedlf the conjugated diene
compound is charged too many times, it may be difii to distinguish a block
copolymer from a random copolymer.

[0126] 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



10

15

20

25

30

-43 -

polymerization system. In addition, the way of dé®gg a non-conjugated
olefin is not particularly limited.

[0127] (Rubber Composition)

The rubber composition of the present inventiomas particularly limited as
long as the copolymer of the present inventionaatained, and may be
selected as appropriate depending on the applicatiereof. 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.
[0128] <Copolymer>

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

The content of the copolymer in the rubber compdsdess than 3 ma%s

may diminish the effect of the present inventiondewvelop no effect at all.
[0129] <Conjugated Diene-based Polymer>

As used herein, the conjugated diene-based polymeans a polymer that
does not contain a non-conjugated olefin as a marommit component (as a
part of the copolymer). It should be noted tha¢ thon-conjugated olefin
does not include styrene.

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

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

[0130] <M ass Ratio>

Any number may be given as a mass ratio of the wgaijed diene
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compound/non-conjugated olefin copolymer to the jogated diene-based
polymer appropriately depending on the intended wséhout limitation,
preferably 10/90 to 90/10, and more preferably B5(@ 75/25.

If the mass ratio of the conjugated diene componadfconjugated olefin
copolymer to the conjugated diene-based polymenase than 90/less than 10,
fracture resistant properties and workability magy insufficient, 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 advamtagen terms of balancing
performance requirements.

[0131] <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 particulamyitéd, and may be selected
as appropriate depending on the application theredxamples thereof
include polysulfide rubber, silicone rubber, fluoubber, and urethane rubber.
These rubber components may be used alone or irbo@tion of two or

more.

[0132] 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 carepois 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 rubdtmmponent is in the
above-described more preferred range, this is adgaous in terms of
balancing performance requirements.

[0133] The content of the conjugated diene-based polyneeri®0 parts by

mass of the rubber component is not particulanhyiled, and may be selected
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as appropriate depending on the application theredthis content is
preferably 90 parts by mass to 10 parts by masd,maare preferably 75 parts
by mass to 25 parts by mass.

If the content of the conjugated diene-based polyper 100 parts by mass of
the rubber component is less than 10 parts by nfaasture resistant
properties and workability may be deteriorated, whhe 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 balancieldgymance requirements.
[0134] 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.

[0135] The content of the reinforcing filler is not pamiarly limited, and
may be selected as appropriate depending on thikcapijon 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 at least one of the above exammikthe reinforcing filler is
less than 5 parts by mass, there may not be mu@cteéttained by adding the
reinforcing filler, while the content is more th@00 parts by mass, mixture of
the reinforcing filler into the rubber componennts to fail. In either case
the resulting rubber composition may have lowerfpenance.

[0136] <Carbon Black>

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

The nitrogen adsorption specific surface areaSMN; according to JIS
K6217-2:2001) of the carbon black is not particlyadrmited, and may be
selected as appropriate depending on the applicatiereof. The carbon
black preferably has a nitrogen adsorption speaticface area of more than
50 nf/g, and more preferably 70%y to 130 ni/g.
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If the carbon black has a nitrogen adsorption sfpesiurface area (pPA) of
not more than 50 fig, the resulting rubber has a lower reinforcinéeef,
resulting in insufficient durability.

It should be noted that the nitrogen adsorptioncsipe surface area (PBA)
may be measured in accordance with, for exampl®,KB8217-2:2001.

The content of the carbon black per 100 parts bgsnaf the rubber
component is not particularly limited, and may ledested as appropriate
depending on the application thereof. This conterpgireferably 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 thanpa@ts by mass, the resulting
rubber composition may have worse fracture resispaoperties due to
insufficient reinforcing performance, while the dent is more than 70 parts
by mass, the resulting rubber composition may havese workability and
low loss properties.

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

[0137] <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.

[0138] <Crosslinking Agent>

The crosslinking agent is not particularly limitemhd may be selected as
appropriate depending on the application theredExamples 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,
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oxime-nitrosamine-based crosslinking agent, andusul Among these,
preferred as a rubber composition for tires is shdur-based crosslinking
agent.

[0139] The content of the crosslinking agent is not partacly limited, and
may be selected as appropriate depending on thikcapijon 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.

[0140] <Other Components>

Other than the above, a vulcanization acceleratay miso be contained.
Examples of compounds that can be used as the nizadon accelerator
include: guanidine-based compounds, aldehyde-arbased compounds,
aldehyde-ammonia-based compounds, thiazole-baseghconds,
sulfenamide-based compounds, thiourea-based congsuhiuram-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.

[0141] (Crosslinked Rubber Composition)

The crosslinked rubber composition according to phesent invention is not
particularly limited as long as being obtained bgpsslinking 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 appliosahiereof. 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.
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[0142] (Tire)

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 inuw@n and may be selected
as appropriate depending on the application thereof

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

Among these, it is more advantageous to apply theer composition to a
tread in terms of wear resistance.

The tire can be manufactured by a conventional m@éth For example, a
carcass layer, a belt layer, a tread layer, whicha@mposed of unvulcanized
rubber, and other members used for the productfomsaal tires are
successively laminated on a tire molding drum, tikea drum is withdrawn to
obtain a green tire. Thereafter, the green tiredated and vulcanized in
accordance with an ordinary method, to thereby imbsadesired tire (e.g., a
pneumatic tire).

[0143] (Applications other than tires)

The rubber composition of the present inventiortteg crosslinked rubber
composition of the present invention may be useadofther 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

[0144] In the following, the present invention will be aeded with
reference to examples thereof. However, the presamention is no way
limited to the disclosed examples.

[0145] (Example 1)

Toluene of 150 mL was added to a 2 L stainlesstaathat had been
sufficiently dried, and then ethylene was introdddbereto at 0.4 MPa.
Meanwhile, in a glovebox under a nitrogen atmosehd#.5umol of
bis(2-phenylindenyl)gadolinium bis(dimethylsilylads)
[(2-PhGH)2GAN(SiHMe&)2], 14.1 umol of triphenylcarbonium
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tetrakis(pentafluorophenyl)borate [3B(CsFs)4], and 0.87 mmol of
diisobutylaluminum hydride were provided in a glasmtainer, which was
dissolved into 5 mL of toluene, to thereby obtaionaalyst solution. After
that, the catalyst solution was taken out from gh@vebox and added by 14.1
pmol of gadolinium equivalent to the monomer solatiovhich was then
subjected to polymerization at 3C for 5 minutes. Thereafter, 20 mL of a
toluene solution containing 3.05 g (0.056 mol) ¢8-butadiene was added
while reducing the introduction pressure of ethyeat a rate of 0.2 MPa/min,
and then polymerization was further performed footer 15 minutes. Then,
the following operation was repeated three timesoial: reset the
introduction pressure of ethylene to 0.8 MPa andqren polymerization for 5
minutes, then add 40 mL of a toluene solution coritay 6.09 g (0.113 mol)
of 1,3-butadiene while reducing the introductioregsure of ethylene at a rate
of 0.2 MPa/min, and subsequently performing furtpetymerization for 30
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 theotpmer was vacuum dried
at 70 °C to obtain Copolymer A. The yield of Copmoler A thus obtained
was 20.00 g.

[0146] (Example 2)

An experiment was performed similarly to Examplexcept that ethylene was
first introduced at a pressure of 0.8 MPa, to thgrebtain Copolymer B.

The yield of Copolymer B thus obtained was 24.50 g.

[0147] (Example 3)

Toluene of 1 L was added to a 2 L stainless reatitat had been sufficiently
dried, and then ethylene was introduced theretd.&tMPa. Meanwhile, in a
glovebox under a nitrogen atmosphere, 1@n2ol of
bis(2-phenylindenyl)gadolinium bis(dimethylsilylads)
[(2-PhGH)2GAN(SiHMe),], 18.2 umol of triphenylcarbonium
tetrakis(pentafluorophenyl)borate [f8B(CsFs)4], and 2.73 mmol of
diisobutylaluminum hydride were provided in a glasmtainer, which was
dissolved into 20 mL of toluene, to thereby obtaicatalyst solution. After
that, the catalyst solution was taken out from gh@vebox and added by 16.5
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umol of gadolinium equivalent to the monomer solumtiovhich was then
subjected to polymerization at 4C for 1 minute. Thereafter, 350 mL of a
toluene solution containing 72 g (1.33 mol) of bBtadiene was added while
reducing the introduction pressure of ethylene aate of 0.2 MPa/min, and
then the introduction pressure of ethylene waseased to 1.5 MPa to
perform polymerization for another 90 minutes. é&fthe polymerization, 1
mL of an isopropanol solution containing, by 5 nfass
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 76.50 g.

[0148] (Comparative Example 1)

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

[0149] (Comparative Example 2)

As illustrated in Preparation 1 of JP 2000-86857PA L 4), a toluene solution
(manufactured by Tosoh Akzo Corporation) contain#0 g of toluene and
6.7 mmol of methylaluminoxane were provided in aleel pressure tight glass
ampoule having an inner capacity of 150 mL in aogen atmosphere. A
toluene solution containing 0.0067 mmol of 2-methoaxrbonyl
methylcyclopentadienyl trichlorotitanium (MeO(CO)GEpTiCls) (TIES) was
added dropwise to the ampoule which was held aaging temperature (25
°C) over an aging time (5 minutes). Thereafter, th@®perature was reduced
to -25 °C, and a solution containing 2.0 g of butadiene &r@lg of toluene
was added, which was then subjected to polymeroraét this temperature for
30 minutes. Subsequently, ethylene was suppli¢d time container to give a
pressure of 5 kgf/cfy and the reaction was carried out for about 1 hour
Thereafter, a small amount of an acidic methandltson was added to stop
the polymerization reaction, and then the polymatian solution was poured
into a large amount of acidic methanol, so thatecppitated white solid was
collected by filtration and dried to obtain CopolgmD.

[0150] (Comparative Example 3)

An experiment was performed similarly to Comparatizxample 2 except that

the temperature was brought to room temperatureaasdlution containing
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2.0 g of butadiene and 6.0 g of toluene was adeddch was then subjected
to polymerization at the room temperature for 3(uies, to thereby obtain
Copolymer E.

[0151] (Example 4)

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
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
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 F (a block copolymer). Thelg of
Copolymer F thus obtained was 12.50 g.

[0152] The copolymers A to F and butadiene rubber thusioletd were
subjected to measurements and evaluation for thghteverage molecular
weight (Mw), molecular weight distribution (Mw/Mn),,2-vinyl bond content,
cis-1,4 bond content and content of ethylene-detiuait in the following
way.

[0153] (1) Weight-Average Molecular Weight (Mw) and M olecular

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
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(manufactured by Tosoh Corporation), column: twoGMHur-H(S)HT

(manufactured by Tosoh Corporation), detector: eiéintial refractometer

(RI), measurement temperature: 140], using monodisperse polystyrene as a

reference.

(2) Microstructure (1,2-vinyl bond content, 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 ofH-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 compbd (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%) and cis-1,4 bond conten¥%) are shown in Table 1.

(3) Content of Ethylene-derived Unit

The content of the ethylene-derived unit in the @lymer (moPo) was

determined from an integral ratio of an ethylenetd@omponent (28.5 ppm to

30.0 ppm) of the whole to a butadiene bond compo6126.5 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).

ethylene-derived unit is shown in Table 1.
[0154] [Table 1]

The aungmol%) of the

Comp.

Comp.

Comp.

Ex. 1 Ex. 2 Ex. 3 Ex. 1 Ex. 2 Ex. 3 Ex. 4
Copolymer Butadiene
Type A B c Rubber D E F
Mw (x10%) 225 278 202 454 230 195 350
Mw/Mn 2.39 9.15 3.40 3.45 1.32 1.95 2.20
cis-1,4
bond 98 97 98 97 92 73 98
content Pb)
1,2-vinyl
bond
(adduct) 1.5 1.2 0.8 1.8 6.0 9.8 1.2

content @6)
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ethylene
content 15 34 20 0 16 12 7
(mol%)

[0155] As Examples 1 to 4 and Comparative Examples 1 tth&,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 dfresstance, crack
growth resistance (constant strain) and ozone tasce (dynamic) according
to the following method.

[0156] [Table 2]

parts by mass

polymer 100
stearic acid 2
carbon black (FEF class) 50
age resistor *1

zinc oxide 3
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 (NOCCHEHR 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 (EEBSs) has PBA of
42nflg.

[0157] <Heat Resistance>

Vulcanized samples were each caused to deterionaa®@ oven of 100C for
48 hours. Then, each sample taken out from thenavas subjected to
tension test according to JIS K 6251 at room terapge, to thereby obtain
the elongation at break. Table 3 shows the rethdteof as the retention of

elongation %), which are indexed with a score of 100 represemtihe




10

15

20

-54 -

elongation at break obtained by tension test penfexd for samples with no
thermal degradation. The larger retentiéf) (shows more excellent heat
resistance.

[0158] <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 applieccach sample at room
temperature under a constant strain ¢f6Q@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 thereof are showinearsg indexed with a score
of 100 representing Comparative Example 1. Largeex values represent
better crack growth resistance. In Table 3200" means that the sample
was not ruptured despite the repetitive fatigueleggptwice as many as those
applied to Comparative Example 1.

[0159] <Ozone Resistance>

Ozone resistance was measured according to JIS5R.62Rectangular test
specimens were exposed at 4D and ozone concentration of 50 pphm under
30 % dynamic stretching. Then, the conditions of tlaenples after 24 hours
were visually examined (for cracks). The resuhsreof are shown in Table
3.

[0160] [Table 3]

Comp. Comp. Comp. Comp.
Ex. 1 Ex. 2 Ex. 3
Ex. 1 Ex. 2 Ex. 3 Ex. 4
Copolymer Butadiene
A B C D E F
Type Rubber
Retention
of Heat
Resistance 62 67 67 58 54 51 60
Eb
(%)
Crack
Growth
>200 >200 >200 100 123 105 >200
Resistance
(index)
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Constant
Strain
fine
large fine
Ozone cracks
no no no cracks cracks
Resistance at no crack
crack crack crack across across
(dynamic) sample
sample sample
edge

[0161] (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 reabtirhad been sufficiently
dried, and then ethylene was introduced theretb.@2 MPa. Meanwhile, in
a glovebox under a nitrogen atmosphere, 381l of
bis(2-phenylindenyl)gadolinium bis(dimethylsilylade)
[(2-PhGyH)2,GAN(SiHMe,),], 28.5 umol of dimethylanilinium
tetrakis(pentafluorophenyl)borate [MHPhB(GFs)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. After
that, the catalyst solution was taken out from gh@vebox and added by 25.0
pmol of gadolinium equivalent to the monomer solatiovhich 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 washieiradded to isolate the
copolymer, and the copolymer was vacuum dried atG®o obtain a polymer.
The yield of the copolymer EBR1 thus obtained w&sg9

[0162] (Preparation Example 2)

Preparation of butadiene-ethylene copolymer (EBR2)

In this case, 2,000 g of a toluene solution contagni230 g (4.26 mol) of
1,3-butadiene was added to a 4 L stainless redabtairhad been sufficiently
dried, and then ethylene was introduced theretb.@2 MPa. Meanwhile, in
a glovebox under a nitrogen atmosphere, u#tol of
bis(2-phenylindenyl)gadolinium bis(dimethylsilylade)



10

15

20

25

30

-56 -

[(2-PhGH),GAN(SiHMe),], 145 umol of dimethylanilinium
tetrakis(pentafluorophenyl)borate [MHPhB(GsFs)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 atG®o obtain a polymer.
The yield of the copolymer EBR2 thus obtained wéds 2.

[0163] (Preparation Example 3)

Preparation of butadiene-ethylene copolymer (EBR3)

A toluene solution of 200 mL containing 9.36 g (B31lmol) 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-MeCGyHg)2Sc(MeAlIMe;), 21.0pumol of triphenylcarbonium
tetrakis(pentafluorophenyl)borate (8B (CsFs)4), and 0.25 mmol of
diisobutylaluminum were provided in a glass con&inwhich was dissolved
into 5 mL of toluene, to thereby obtain a catalgstution. After that, the
catalyst solution was taken out from the gloveboxi 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 washieiradded to isolate the
copolymer, and the copolymer was vacuum dried at@@o obtain a polymer.
The yield of the copolymer EBR3 thus obtained wa3%09g.

[0164] (Preparation Example 4)

Preparation of ethylene-propylene-butadiene copolymer (EPDM)

As indicated in Synthesis Example 1 of JP 2000-(B®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 siéht degree, and furthermore,
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the system was saturated in liquid and gas phassavmixed 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 toL1o% methanol containing
a small amount of hydrochloric acid to precipitat@olymer. The polymer
was washed with methanol and then dried under redyressure at 13TC

for 10 hours, and the result was 3.25 g of ethylpn@pylene-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 ma@kb, propylene content of 25.1 bl 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.

[0165] The ethylene-butadiene copolymers (EBR1 to EBR3) Hre
ethylene-propylene-butadiene copolymer (EPDM) prepaas described
above, as well as a high cis-butadiene rubber (HL8Rained (available
from JSR under the trade name of BRO1) were measanel evaluated for
their weight-average molecular weight (Mw), molezuiveight 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.

Haze Value

Each copolymer (polymer) was mixed with polyisopegeand 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 ha#dees of the high
cis-butadiene rubber (HCBR).

[0166] [Table 4]
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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)

[0167] (Examples 5 to 14 and Comparative Examples 4 to 8)

As Examples 5 to 10 and Comparative Examples 4, tth& 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 of vesastance (index)
according to the following method.

As for Examples 11 to 14 and Comparative Examplénh8,rubber
compositions formulated as shown in Table 6 wereppred, which were
vulcanized at 160 °C for 20 minutes. The vulcadizebber compositions
thus obtained were subjected to measurements @kogeowth resistance
(index) according to the following method.

It should be noted that the compounds shown in "fdaBatch” in Tables 5

and 6 were added to prepare master batches, tohvtheecompounds shown in

"Final Batch" were then added to prepare final bat
[0168] <Wear Resistance>

The amount of abrasion was measured using a Lanmbahbrasion tester with
a slip rate of 60% at room temperature, and the results are showreasy
indexed with a score of 100 representing the ingaskEeach result of
Comparative Example 7. Larger values representebetear resistance.
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A 0.5-mm crack was given at the central portioreath JIS No. 3 test

specimen.

Then, fatigue was repetitively applieceach sample at room

temperature under a constant strain ¢f6@o 100%, and the number of times

it took to rupture the sample by applying the repe¢ fatigue was counted

for each sample.

of 100 representing Comparative Example 8.

The results thereof are showlnearsg indexed with a score

Laligdex values represent

better crack growth resistance (constant strain).
[0169] [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 SUNTIGHT A2

2.0 parts by mas

2

age resistor 6

2

1.0 parts by mas

Final Batch

zinc oxide

2.5 parts by mass

co-agent D-G®

0.2 parts by mas

12

co-agent DM-P°®

0.2 parts by mas

12

co-agent NS-P’

0.5 parts by mas

oy

sulfur

1.3 parts by mas

0

[0170] [Table 6]

Master Batch

rubber component (polymer)

100.0 parts by m

ASS

carbon black?

50.0 parts by mas

stearic acid

2.0 parts by mas

U7y

age resistor SUNTIGHT A?

2.0 parts by mas

oy

age resistor 6

1.0 parts by mas

Final Batch

zinc oxide

2.5 parts by mas

Uy

co-agent D-G°

0.2 parts by mas

Uy

co-agent DM-P°®

0.2 parts by mas

oy

co-agent NS-P’

0.5 parts by mas

oy
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sulfur 1.3 parts by mas

[0171] Used as the compounds *1 to *7 in Tables 5 and Bewe

*1:
*2:

*3:

*4.

*5:

*6:

*7:

RSS #3

Carbon black with NSA

The respective measurements of nitrogen adsorgpatific surface
area (NSA) of the carbon black samples used are shownailblds 7
to 9. It should be noted that the nitrogen adsiorpspecific
surface area (P6A) was measured in accordance with JIS
K6217-2:2001.

"SUNTIGHT A," manufactured by Seiko-Chemical Cd.td.
N-(1,3-dimethylbutyl)-N-p-phenylenediamine, (NOCRAC 6C),
manufactured by OUCHI SHINKO CHEMICAL INDUSTRIAL CQ
LTD.

1,3-diphenylguanidine, manufactured by OUCHI ISIKO
CHEMICAL INDUSTRIAL CO., LTD.

dibenzothiazyl disulfide (NOCCELER DM-P), maradtured by
OUCHI SHINKO CHEMICAL INDUSTRIAL CO., LTD.
N-tert-butyl-2-benzothiazolylsulfenamide, mamgtured by OUCHI
SHINKO CHEMICAL INDUSTRIAL CO., LTD.

[0172] [Table 7]

Uy

Ex. 5 Ex. 6 Ex. 7 Ex. 8 Ex. 9 Ex. 10

Copolymer

(Polymer)

EBR1

EBR2

EBR1

EBR2

EBR1

EBR2

N,SA of
Carbon

Black
(m?/g)

53

53

78

78

42

42

Wear
Resistance

(index)

111

115

120

126

105

107

[0173] [Table 8]



-61 -

Comp. Ex. 4 Comp. Ex. 5 Comp. Ex. 6 Comp. Ex.
Copolymer
EBR3 EBR3 EPDM HCBR
(Polymer)
N,SA of
Carbon Black 53 78 53 53
(m?/g)
Wear
Resistance 97 99 85 100

(index)




[0174] [Table 9]

-62 -

Ex. 11

Ex. 12

Ex. 13

Ex. 14

Comp. Ex.

Content of natural rubber
(NR) per 100 parts by mass
of rubber composition

(parts by mass)

70

50

10

40

50

Content of butadiene rubbelr

n

(BRO1 by JSR) per 100 part
by mass of rubber
composition

(parts by mass)

30

50

Content of prepared EBR1
per 100 parts by mass of
rubber composition

(parts by mass)

30

50

90

30

N,SA of Carbon Black
(m?/g)

78

78

78

78

78

Crack Growth Resistance

(index)

176

239

251

166

100
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[0175] It can be seen from Tables 7 to 9 that each rulcberposition
containing a conjugated diene compound/non-conjedatiefin copolymer, in
which the cis-1,4 bond content of a unit derivednfirthe conjugated diene
compound is more than 92, and a conjugated diene-based polymer may
improve wear resistance and crack growth resistan@balanced manner.

INDUSTRIAL APPLICABILITY
[0176] The rubber composition of the present invention banused

generally for elastomer products, in particularetiread members.
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CLAIMS

1. A copolymer of a conjugated diene compound amsb@-conjugated
olefin, wherein
the cis-1,4 bond content of a unit derived frore tonjugated diene

compound is more than 92.

2. The copolymer of a conjugated diene compoundandn-conjugated
olefin according to claim 1, wherein the contentaofinit derived from the

non-conjugated olefin is 50 m3l or less.

3. The copolymer according to claim 1, wherein toatent of 1,2
adduct units (including 3,4 adduct units) of thenpmated diene compound in
the unit derived from the conjugated diene compoisn8% or less.

4. The copolymer of a conjugated diene compoundandn-conjugated
olefin according to claim 1, wherein the copolynters a molecular weight
distribution (Mw/Mn) of 10 or less.

5. The copolymer of a conjugated diene compoundandn-conjugated
olefin according to claim 1, wherein the non-comted olefin is an acyclic

olefin.

6. The copolymer of a conjugated diene compoundandn-conjugated
olefin according to claim 1, wherein the non-comted olefin has 2 to 10

carbon atoms.

7. The copolymer of a conjugated diene compoundandn-conjugated
olefin according to claim 5 or 6, wherein the nomnfugated olefin is at least

one selected from the group consisting of ethylegrepylene, and 1-butene.

8. The copolymer of a conjugated diene compoundandn-conjugated

olefin according to claim 7, wherein the non-comted olefin is ethylene.
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9. The copolymer of a conjugated diene compoundandn-conjugated
olefin according to claim 1, wherein the conjugatidne compound has 4 to
8 carbon atoms.

10. The copolymer of a conjugated diene compourdianon-conjugated
olefin according to claim 9, wherein the conjugatBdne compound is at least

one selected from the group consisting of 1,3-bigad 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 1118@rfurther
comprising carbon black, wherein the carbon blaak b nitrogen adsorption

specific surface area g8A) of more than 50 fig.

14. The rubber composition according to claim 18ewein 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 1Rewein 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 thdeultomponent 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 amen-conjugated olefin

to the conjugated diene-based polymer is 10/900td Q.
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18. The rubber composition according to claim 1itler comprising a
crosslinking agent by 0.1 parts by mass to 20 phytsnass per 100 parts by
mass of the rubber component.

19. A rubber composition for tire treads using tiéber composition

according to claim 11 for tire tread 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 clainf@r tire tread members.



