Descri pti on PROCESS FOR PRODUCTI ON OF SYNDI OTACTI C a- OLEFI N POLYMER 5
Techni cal Field [0001] The present invention relates to a process for
produci ng a syndiotactic a-ol efin pol yher using a netallocene catal yst
conprising a transition netal conpound that has a specific 10 structure.
Background Art [0002] As a catalyst for the polynerization of a-olef ins
having 15 3 to 10 carbon atons to industrially produce ol efin polyners,
Ziegler-Natta catal ysts are known. The Ziegler-Natta catalysts are in
wor | dwi de use particularly as a dmsgnimptien the pol ynerization of C3,
propyl ene, to produce pol ypropyl ene. The Ziegler-Natta catal ysts can
produce pol ypropyl ene havi ng 20 hi gh nol ecul ar weight with high activity,
and noreover can control the sequences of propylene to high degree,

consequent |BROIEBY G HODAIODN & DA R AbEHe S§ S EOF RIS ke
Accordi ngly, isotactic polypropylene having high crystallinity and high
nmelting point is obtained. On the other 2 hand, the Ziegler-Natta

catal ysts have problens: the presence of plural kinds of active sites in

t he catalysts .by-produces atactic pol ypropyl ene, which has irregul ar
propy?engxggﬁﬂé%gé}%fgﬁgther with the isotactic polypropylene; and in 5
copol ynerj zation of ethylene and an a-olefin having 3 to 10 carbon at ons,
the resul t3f11copol ymers contain the a-olefin in their polymer chains in a

nonuni form proportion, consequently having a wi de conposition distribution.
[ 0003] The present invention relates to a process for producing

a syndiotactic w-olefin polymer using a metallocene catalyst
comprising a transition metal compound that has a specific

10 structure.

Background Art
[0002]
As a catalyst for the polymerization of x-olefins having
15 3 to 10 carbon atoms to industrially produce olefin polymers,
Ziegler-Natta catalysts are known. The Ziegler-Natta
catalysts are in worldwide use particularly as a catalyst for
the polymerization of C3, propylene, to produce polypropylene.
The Ziegler-Natta catalysts can produce polypropylene having
20  high molecular weight with high activity, and moreover can
control the sequences of propylene to high degree, consequently
providing polypropylene having high stereoregularity.
Accordingly, isotactic polypropylene having high

crystallinity and high melting point is obtained. On the other



I 0Si nce the discovery in 1980 by WKam nsky et al. of netall ocene

catal ysts, the netall ocene catal ysts, %oo, have conme to be used as a

catal yst for the polynerization of a-olef ins having 3 to 10 carbon atons
to industrially produce olefin polyners. The netal |l ocene catal ysts, nobst of
which are a single 15 netal conplex, have a uniformactive site, unlike the
Ziegler-Natta catal ysts. Thus, the netall ocene catal ysts have an advant age

that in the copolypgerizatign of ethylene and an a-qQlefin having 3 to 10
carbon atBHE” Eﬁgygg???éﬁffﬁ@t];@s‘iﬁ‘i S%%WF?@@“@@FB? PEHEREDI ef i n
in a uniform_proportion and 20 to have a narrOM/confosition di stribution

and have &f migFaduRinde oafbresise, sbyeeonvebe ngpbalygandostrrredwres of the
nmetal conpl ex, the C3-10 a-ol efin sequence can be controlled to high

degree. Foreaxianpbéypirapyhenpolwhieri hasiionrafulCs; ppropikeresd@uataduce
pol ypropyl ene, the netall ocene catal ysts
together with the isotactic polypropylene; and in

5 copolymerization of ethylene and an o-olefin having 3 to 10
carbon atoms, the resultant copolymers contain the a~olefin in
their polymer chains in a nonuniform proportion, consequently
having a wide composition distribution.
fcco3]

10 Since the discovery in 1980 by W.Kaminsky et al. of
metallocene catalysts, the metallocene catalysts, too, have
come to be used as a catalyst for the polymerization of a-olefins
having 3 to 10 carbon atoms to industrially produce olefin
polymers. Themetallocene catalysts, most of whichare asingle

15 metal complex, have a uniform active site, unlike the
Ziegler-Natta catalysts. Thus, the metallocene catalysts have
an advantage that in the copolymerization of ethylene and an
o-olefin having 3 to 10 carbon atoms, they allow the resultant
copolymers to contain the a-olefin in a uniform proporticn and

20 to have a narrow composition distribution and have a high
guality. Moreover, by converting a ligand structure of the
metal complex, the C3-10 o-olefin sequence can be controlled

to high degree. For example, in the polymerization of C3,

propylene to produce polypropylene, the metallocene catalysts



3 have characteristics to produce highly isotactic polypropylene as is the
case with the Ziegler-Natta catalysts,; but do not by-produce atactic

pol ypropyl ene. [0004] 5In using the netallocene catalysts for the

pol ynmeri zati on of propyl ene thereby producing isotactic pol ypropyl ene,
addi ng hydrogen into the reaction systemin order to obtain a desirable
nol ecul ar weight is known. It has been reported that addi ng hydrogen

i nproves a Vi i.t.h o explained 10 that this is
because. 2505 = S5 kY phYee Betrbads RIS K BRBROR i osty e
reactivated by hydrgggn ,hgp-Patent Literature 1). On the other hand, the
more hydPdger iFadd@ed “Hhé 5ke P 1E/e Choleiiitarcahd gt Sof Rite G 4@t ant
pol ypropyl ene becones. Thus, especially when a high nol ecul ar weight is 15
desired,{Wh@zﬁﬁmﬁﬁtWféﬁtéédEﬁQYWy@@w@@ﬁ@and t he application scope thereof
are restricted. [0005] It has been reported that in using the

met al | ocerd@0adt al ysts to copol yneri ze propyl ene and a small amount of 20
et hyl ene t hereby producing an isotactic polymer (random pol ypropyl ene),

i ncreasi ng t heraniiig eheetdidiene-die bgraddedsi 0t hBeJ18AE 107 S\ em
i nproves the catalyst activity (Non-Patent Literature 2). In this case, the

resul tant 4 i (YAl - .0l udi; i{..1n the 4
o1 ecul ar CRaTIE Chage i B et F e et B LR oY SEES A LTy
when hi gh eateresisé%pgg i S gesired t he ad 'tigné&gpunt 8{ et hyl.ene is
restrict &d AT SHot a5y &t Sot Fat - hAy SYEXF ot d patSTe 5 f6- 4t 2SS A i ew of
this, a nethod focusing 5 on the use of ethylene in order to achieve higher
activity "HEUREH WEIRG et RykBAED: n B iR IR UiRPIEE bddir

(Patent Literature 1) : specifically, adding a small anmount of ethyl ene

(pr ef er ablvEraget IRPWEYE B rexivrle)stt echipiopyl @né dobhpseregata g srdewst | on
systemthat used a non-bridged netall ocene catalyst 1() containing at | east
one kond tofat2tht ylisdenavas a dégant cepedyed egtatystwhch iptidoyle t he
exanpl e disclosed in this report, using bis (2- ( 3,5 -di - t -butyl phenyl)

i ndenyl) ozirrGeriewwdigh! ofd de-bacphoduea a yyandapupehyar openeiayicng an
et hyl ene content of 15 1.9 nol % achi eved inproved activity and all owed the

oo o RREL A P25 TLEEULBL M oot LD e 5 B e v
| overed Lhom A44C 10 1TSILeRUS L L e LRSUULATRLAPIUD L ypsgp ene hac
becomes. Thus, especially when a high molecular weight is
15 desired, the utility of adding hydrogen and the application

scope thereof are restricted.
[0005]
It has been reported that in using the metallocene
catalysts to copolymerize propylene and a small amount of
20 ethylene thereby producing an isotactic polymer (random
peclypropylene}, increasing the amount of ethylene to be added
into the reaction system improves the catalyst activity

(Nen-Patent Literature 2). In this case, the resultant

isotactic polypropylene, by including the ethylene unit in the



20 such el astoneric properties as uniformdeformation to high el ongation
which is foll owed by high recovery frqp1the el ongation. That is, when high
heat resistance is desired, the problemremins that the ethyl ene-addition
anount is restricted and noreover other physical properties are affected.
On the 5 other hand, there was a report in 1989 about a netall ocene
cat al yst capabl e of producing a highly syndiotactic pol ypropyl ene that was

not produci.bl e by the, Ziegler-Natta catal ysts (Non-Patent Literature 3):
the hi ghlr%flsefﬁ]diaé Fetes 5%&%?3%%??%%%?%?%&%% H95 6hgA tarsen,

pol ymerization of propylene utilizing a netallocene catal yst obtained by
acti vati RFREGAAUY Foehr hehthemt mstsals tegyasodird deit edl uphaeddid; iqmhe
transition nmetal conpound containing, as a |igand,

i sopr opylamemd( efckbpeitadi enyleédritued emyd )monede nwhicthe c i operladi ene
and fluorene are bridged by a carbon atom The syndiotactic structure is

under a 'pragemtdes akat hgEshkitpd.n YHi chewubstihuents ﬁé&ﬂ&ﬂiﬁdbdéﬂégfﬂy
carbon (nethyl groups in the case of propylene) are oriented in a direction

al t er pat iyg Bet Ween, e ngnehaes n yhheh trc?!a@hii%nv%hingghéri% %%Tf pLLAst with
ture. [ %

a "meso" relationship seén in the isotactic struc sotactio
Pol ypr opyl,ene gg ot'o.gﬁ yRr.opyl ene [000%& ﬁl I r, when
! h .
keepi ng an exF%ﬁ%g 5 IaI}eor%s %S%gfﬂaa%ﬁnalcnelﬁthﬁ’% AP ERRPRES P% |y
p1 ng ] p Ol . o2
syndlotagylc. The above re OL%,deflnes t he degree_of the sgndlotact|C|ty
using a B EIRGFE o of S:P%%i‘r 1G3VigRFEURI GoRBRe htdR T ae B A tdvdifaiens i n
the whol e polyner, i.e., raceqic pentad fraction. In the report, the
hi ghest rl@&fReadapdnt aboRE at titdhor n@r 86 Lonhapr ey bene monventied ttiom si npl e
racem c chain (racemc diad fraction), the racemc diad fraction is 0. 96,
whi ch i s rsiagriiifoncagsbymhight used a non-bridged metallocene catalyst
10 containing at least one kind of 2-arylindene as a ligand
improved catalyst activity. In the example disclosed in this
repoert, using
bis(2-(3,5-di-t-butylphenyl)indenyl) zirconiumdichloride to
produce a random polypropylene having an ethylene content of
15 1.9 mol% achieved improved activity and allowed the polymer to
have increased molecular weight compared with where ethylene
was not added, but resulted in the polymer having a melting point
that was lowered from 144°C to 137°C. Moreover, the resulting
random polypropylene had tensile properties such that it showed
20 such elastomeric properties as uniform deformation to high
elongation which ig followed by high recovery from the
elongation. That is, when high heat resistance is desired, the

problem remains that the ethylene-addition amount is restricted

and moreover other physical properties are affected. On the



|l o Furthernore, a polyner that is highly syndiotactic is crystalline. Since
the racemc diad fraction and the racem c pentad fraction are proportional
to the nelting point (nmelting tenperature) of the polyner, the polyner that
has hi gher syndiotacticity generally shows higher nelting point. 15[0008]
The steric influence of such adjacent substituents is as follows. Wiile the
i sotactic polypropyl ene adopts a helical secondary structure in which three

nol ecul es_,qf pr.o e are present per turn_of the helix to formcrystals,
it has beoetﬁleig I?‘%%Jdrt Jf%a‘?a? hd §§§8‘r‘8t 4Bt it Bﬁol%ﬂ&pﬁ aMeCa hr ¥ Kbl y
because of the alternating orientation of substituents, can adopt plural
ener get i GRHIFEabi TR e r yofal Hiadndifies # nchddibdy hetyrdlostetict ure and
pl anar zigzag structure depending on heat history and stress history, and

t hat bet weElypromdemeofthidteseagr yet abrstinatblicedy rdheerzide bephasteta
transition is possible (Non-Patent Literature 4). Such difference in

crystal statuctpstes gNeat bytahtert sepotyper: jnat theahiﬁh@ﬁ%j)}ﬂ&ﬁjtéétihﬁs been
reported that the syndiotactic pol ypropyl ene shows 5 characteristic thermnal

propest i @51 RiReHRRInDr OR8N tesnang neshanisal vy 998%@%&?@%@ fJer from

those of isotactic polypropylene. The difference in erial properties

db I ff ' ' d
S0t acti ST 6 1 e ERtThl S0 PRCBERGY At of 61 FATBBF yrier &2 R TG,

efficientcﬁpod%gtion ofcfokyners havi ng .a .syndi otacti c structure has been
demanded 2°tivating a  Group IV transitioh wmetal compound with

aluminoxane, the transition metal compound containing, as a
ligand, igsopropylidene (cyclopentadienyl) (9-fluorenyl) in

1¢  which cyclopentadiene and fluorene are bridged by a carbon atom.
The syndiotactic structure is under a “racemic” relationship
in which substituents bonded to tertiary carbon (methyl groups
in the case of propylene) are oriented in a direction
alternating between one another, which relationship is in

15 contrast with a “meso” relationship seen in the isotactic
structure.

[0006]
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Syndiotactic Polyprepylene



Citation List Patent Literature 15[0009] Patent Literature 1:
JP- A-2002- 505707 Non- Pat ent Literaturgﬁs [0010] Non-Patent Literature 1:
Macronmol . Chem, . Rapid Commun , 1993, 2014, 97 Non- Patent Literature
2:

[0007]

A polymer, when keeping an extended relationship of
adjacent racemic chains, is highly syndiotactic. The above
report defines the degree of the syndiotacticity using a

5 proportion of a part having four consecutive racemic chains in
the whole polymer, 1.e., racemic pentad fraction. Inthe report,
the highest racemic pentad fraction is 0.86: when this is
converted to a simple racemic chain (racemic diad fraction},
the racemic diad fraction is 0.96, which is significantly high.

10 Furthermore, a polymer that 1is highly syndiotactic is
crystalline. Since the racemic diad fraction and the racemic
pentad fraction are proportional to the melting point (melting
temperature) of the polymer, the polymer that has higher
syndiotacticity generally shows higher melting point.

15 [ocoo08]

The steric influence of such adjacent substituents is as
follows. While the isotactic polypropylene adopts a helical
secondary structure in which three molecules of propylene are
present per turn of the helix to form crystals, it has been

20 reported that the syndiotactic polypropylene, presumably
because of the alternating orientation of substituents, can
adopt plural energetically-stabilized crystal structures
including helical structure and planar zigzag structure

depending on heat history and stress history, and that between



Pol ymer, 1989, 30,1350 Non-Patent Literature 3: J. Am Chem Soc., 1988, 110,
6255 Non-Patent Literature 4: I\/acrorm,il ecul es, 1993, 26, 5711

gome of these crystal structures, reversible phase transition
is possible (Non-Patent Literature 4). Such difference in
crystal structure greatly affects polymer material properties;
it has been reported that the syndiotactic polypropylene shows
5 c¢haracteristic thermal properties, physical properties and
mechanical properties that differ from those of isotactic
polypropylene. The difference in material properties caused
by the difference between the syndiotactic structure and the
isotactic structure is seen also in other w-olefin polymers.
10 Thus, efficient production of polymers having a syndiotactic

structure has been demanded.

Citation List

Patent Literature
15 [0009]

Patent Literature 1: JP-A-2002-505707

Non-Patent Literatures

[0010]

Non-Patent Literature 1: Macromol. Chem., .Rapid Commun., 1993,
20 14, 97

Non-Patent Literature 2: Polymer, 1989, 30, 1350

Non-Patent Literature 3: J.Am.Chem.Soc., 1988, 110, 5255

Non-Patent Literature 4: Macromolecules, 1993, 26, 5711



8 Disclosure of the Invention Problens to be Solved by the Invention [0011]
The present inventors nmade their earnest studies and have 5 found out that
by perform ng a production process allowi ng at | east one a-olefin having 3
to 10 carbon atons and a small amount of ethylene to be present in a
specific ratio under a polynerization reaction atnosphere, with the use of
an ol efin polynerization catalyst conprising a bridged netall ocene 10

conmpound with a specifi¢ structure, polynerization activity is inproved and
t he resuFF§ﬁ39§ﬁ#%(ﬁéﬂﬁh%:%ﬁﬂﬂ%?ﬁ?ﬁ pol ymer has increased nol ecul ar wei ght

and high nelting point. The present invention has been conpl eted based on
this findtePlers weake Selvest Wynghehdomegdliarss [0012] That is, the present
invention is directed to a process for producing a syndiotactic a-olefin
pol yner ddfarilsi ng pol ymeri zi ng a nononer that conprises at |east one
a-olefin 20 having 3 to 10 carbon atons and a snall anount of ethylene, in

the presence offhanppéedht ipOeyFBibzddoOR Heataby she §OMMIGIdWaBdtHARSI tion
met al compound (A) represented by the foll ow ng general fornula [1], at

I t d I JLem.an, ] b-1),
aeiinégﬂﬁﬁq%%%@t ﬁfgf& 5@l RetRdfrMan 80aR0BLURL BN, OXYT £AFRRYRE (b-1)

least one a-olefin having 3 to 10 carbon atoms and a small amount
of ethylene to be present in a specific ratio under a
polymerization reaction atmosphere, with the use of an olefin
pclymerization catalyst comprising a bridged metallocene
10 compound with a specific structure, polymerization activity is
improved and the resultant syndiotactic o-olefin polymer has
increased molecular weight and high melting peint. The present

invention has been completed based on thig finding.

15 Means for Solving the Problems
[0012]

That is, the present invention is directed to a process
for producing a syndiotactic w«-olefin polymer comprising
polymerizing a monomer that comprises at least one a-olefin

20  having 3 to 10 carbon atoms and a small amount of ethylene, in
the presence of an olefin polymerization catalyst comprising
a transition metal compound (A) represented by the following
general formula [1], at least one compound (B) selected from

an organcaluminum oxy-compound (b-1)}, a compound (b-2) that



9 reacts with the transition netal compound (A) to forman ion pair and an
or ganoal um num conpound (b-3), whi ch process for producing a
syndiotactic a-olefin polynmer satisfi €s the rel ati onshi p: 0. 001PE/ PO0. 030, 5
provi ded that the nolar anounts of ethylene and an a-olefin having 3 to 10
carbon atons that are fed into a polynerization reactor under a

pol yneri zation tenperature of not |ower than 25C are PE and PO,
respectively. [0013] 10 R4 ,£0014] In_the general formula [1], four
groups: REICRS WRENahgeRErareiserRcretrt roriPREngr 6bb R Et iy ioh a
hydrogen atom a hydrocarbon group and a silicon-containing group, and may
be 15 t heasamands agr cdighi@edmmifromcompoamdt hér-3)Rl and R2 are not bonded

which process for producing a syndiotactic w-olefin

polymer satisfies the relationship: 0.001<Py/Pe<0.030,

5 provided that the molar amounts of ethylene and an w-olefin
having 3 to 10 carbon atoms that are fed into a polymerization
reactor under a polymerization temperature of not lower than

25°C are Pg and Py, respectively.

i0013]
RS
poieg:
R® R2 ...
10 L1
f'co14]

In the general formula [1], four groups: R, R?*, R® and

R* are selected from the group consisting of a hydrogen atom,

a hydrocarbon group and a silicon-containing group, and may be

15 the same as or different fromone another; R' and R? are not bonded
to each other to form a ring; R’ and R* are not bonded to each
other to form a ring; R® and R® are each an atom or a substituent
selected from the group consisting of a hydrogen atom, a

hydrocarbon group having 2 to 20 carbon atoms zand a



to each other to forma ring; R3 and R4 are not bonded to each other to
forma ring; R5 and R4 are each an atomor a substituent selected fromthe
group consisting of a hydrogen atom &°hydrocarbon group having 2 to 20
carbon atons and a 10 silicon-containing group, and may be the sane as or
different fromone another; Mis selected froma titaniumatom a zirconium
atomand a hafniumatom Qis a hal ogen atom a hydrocarbon group, a
neutral and conjugated or non-conjugated di ene having 10 or 5 | ess carbon
atoms, arfidiiGH-CtGdAd "G JxoNeut fRf MaydiRd tdepabive 8f evotidi fratdron by

| one pair electrons; j is an integer of 1 to 4, and when j is 2 or nore,

t he pl ur dddaryoné a@oring rheM tilses shoet @d fopndi £fiepenitunfatoom paez anathiam 10

Ef fect of the Invention [0015] The ol efin pol yner production process

of the prasenind aveitin O LEPROVESs ROhYTEFEZ aticld) A6l avbtYrasd Atdgys the
a-olefin polynmer to have increased nol ecul ar weight as conpared is with

product | on-RL0easssRalaky 602004 dinclidectismide amount ﬂgv%ﬁyﬁ&i‘—” o

allows the resultant syndiotactic a-olefin~polyner to malntal mel ting

i nt : : th |efi I i zati tal yst
Compr Psi g ThE FySnar Lo RRCHT i pbbh AcoPdIg o EhEAPR AR 1Svent | on

Q
can produce a s ndiotact%& géolefin pol yner having hi gh nol ecul ar_ wei ght in
n

the pol yiEr iILRTCRaEE ©Fn 8y PalFySpoSSTONE  t dnperad yketeger of 1

to 4, and when j is 2 or more, the plurality of Q may be the

game as cor different from one another.

10 Effect of the Invention
[ce15]

The olefin polymer production process of the present
invention improves polymerization activity and allows the
«-olefin polymer to have increased meolecular weight as compared

15 with production processes that do not include a small amount
of ethylene, and allows the resultant syndiotactic oa-olefin
polymer to maintain high melting point.

[0016]

Furthermore, the use of the olefin polymerization

20 catalyst comprising the transition metal compound according to
the present invention can produce a syndiotactic «-olefin
polymer having high molecular weight in the polymerization at

an industrially-possible temperature.



11 Best Mode for Carrying out the Invention [0017] Herei nafter,
preferred enbodi nents for carrying out the present invention are
sequentially described with referencelfo 5 a transition nmetal conpound (A),
an organonetal | ic compound (B), an olefin polynerization catal yst
conprising both of these conponents, and a process for polynerizing ol efins
in the presence of this olefin polynerization catalyst. [0018] 10
<Transition metal conmpound conponent (A)> The transition neta
conmpound Esftpdinsdn for) Ceemprimseout thbendinviesyt:dmst al conpound represented by
the follow ng general formula [1]. The transition netal compound (A) is a
bri dged nEt@l1locene conpound. The transition metal conpound conmponent 15
(A) can catalyze the polynerization of a-olef ins having 3 to 10 carbon

atonms with hi gluepeliyagiiezat hparastbdi dapIaRethe f&t abhoRshiPout the
0. 001PE/ P0O5_0.030 is satisfied provided that the nolar arfounts of ethylene

an? an ajfﬂégéﬂ%.mﬁ¥gﬂgi§nt eégeﬁgkggaa§ggqﬁeéQﬁ%bgﬁ%ﬁkﬁgﬁg@ggeﬁc?.to
pol yneri zation reactor are a 0, 20“respectively. €"a-ol'efin pol ymer
obt 2190 1es NLONL X SadoLack eod el L Hhaln el s Lot ol soul e
an olefin polymerization catalyst comprising both of these
components, and a process for polymerizing olefins in the
presence of this olefin polymerization catalyst.
[0018]
10 <Transition metal compound component (&)

The transition metal compound component (A) comprises a
transition metal compound represented by the following general
formula [1]. The transition metal compound (A) is a bridged
metallocene compound. The transitionmetal compound component

15 (A} can catalyze the polymerization of a-olefins having 3 to
10 carbon atoms with high polymerization activity when the
relationship: 0.001<P;/Py £0.030 is satisfied provided that the
molar amounts of ethylene and an w-olefin having 3 to 10 carbon
atoms that are fed into a polymerization reactor are Py and Po,

20  respectively. The «-olefin polymer obtained has highly
syndiotactic a-olefin chains, and has high molecular weight and

high melting point that are well balanced.

[0019]



[ 0020] In the formula [1], four groups: R2, R2, R2 and R4 are

sel ected fromthe group consisting oflg hydr ogen atom a 5 hydrocarbon
group and a silicon-containing group, and may be the sanme as or different
fromone another; 121 and R2 are not bonded to each other to forma ring;
and R2 and R4 are not bonded to each other to formaring. It is nore
preferable that RL and R4 are the sanme atomor the sane group, and R2 and
R2 are the 10 sane atem or the sane group; and it is particularly
preferable that R2 égghFQ are t-butyl groups. [0021] In the formul a
[1], R6 and R6 are € an atom or a substituent selected fromthe group
consisting of a en 15 atom a hydrocarbon group having 2 to 20 carbon
atons and a sil f¢to {,Ni ng group, and may be the sane as or different
from one anotheF%G vie preferable that R6 and R6 are hydrocarbon
groups having 6'to arbon atons. [0022] 13 Exanpl es of the

hydr ocar bon hayyng 6 to 20 carbon atons include: aryl groups such as
phenyl gro ﬂ@ﬁb? gromyd; al kyl aryl groups such as o-tolyl group,
mtolyl group, o 33, et hyl phenyl group, n-propyl phenyl group,

i - propyl phenyl /&=0Up b{ y| phenyl group, s-butyl phenyl group,

t-butylphen¥Q3grodp and xyle2group;E1]

roup
4‘

(0020}
In the formula [1], four groups: R', R?*, R® and Rr* are
selected from the group congisting of a hydrogen atom, a
5 hydrocarbon group and a silicon-containing group, and may be
the same as or different £rom one another; R* and R? are not bonded
to each other to form a ring; and R’ and R*! are not bonded to
each other to form a ring. It is more preferable that R!' and
R are the same atom or the same group, and R® and R? are the
10 same atom or the same group; and it is particularly preferable
that R® and R’ are t-butyl groups.
100211}
In the formula [1], R° and R® are each an atom or a
substituent selected from the group consisting of a hydrogen
15 atom, a hydrocarbon group having 2 to 20 carbon atoms and a
silicon-containing group, and may be the same as or different
from one another. It is more preferable that R® and R® are
hydrocarbon groups having 6 to 20 carbon atoms.

[0022]



chl oroaryl groups such as o-chl orophenyl group, mchl orophenyl group,

p- chl or ophenyl group and chloronaphth%g 10 group; br onmoaryl groups
such as o-bronophenyl group, m bronophenyl group, p-bronmophenyl group and
br ononapht hyl group; br onoal kyl aryl groups such as

br ononet hyl phenyl group 15 and di br ononet hyl phenyl group; i odoaryl

groups such as o-iodophenyl group, miodophenyl group, p-iodophenyl group

and i odonapht h rqup; i odoal kyl aryl groups such as
i odonet hyl phenﬁxa%wﬁﬁﬁ Sﬁdt]a?i%%?%‘i %‘he@%ﬂ‘ﬂb#&)’ﬁﬁgzéartal kKY1c35ubs such
as benzyl group, a-phenethyl group, p-phenethyl group, diphenyl nethyl

group, n&MHy|REHAS group and neophyl group; and hal ogenat ed
benzyl groups such as mchl orobenzyl group, p-chlorobenzyl group,

m br onobenzyl gryup greupsomoloénzyl phbdydr oupupmsinagd olzgizyHy 19 rcagmpgnd
p-i odobenzyl group. [0023] RI and R4 are each preferably a hydrogen

atom or a hydr eqarhenar gupubavelenbak 0o 200 TAL b@ﬁo@%prm;tapyﬁ Preferably 5
a hydrogen atomor an aryl group having 6 to 10 carbon atons; particularly

oot e SO e ey Lo phenub e e Lol st ologronn,
group. [QO2Al, 0%, 309 RO, BRYPe Lhg, 881Enas, 2 LIS ent QM Qng, anot her,
group, t-butylphenyl group and xylyl group;
chloroaryl groups such as o-chlorophenyl group,
m-chlorophenyl group, p-chlorophenyl group and chloronaphthyl
10 group;
bromoaryl  groups such as o-bromophenyl  group,
m-bromophenyl group, p-bromophenyl group and bromonaphthyl
group;
bromoalkylaryl groups such as bromomethylphenyl group
15 and dibromomethylphenyl group;
iodoaryl groups such as o-iodophenyl group, m-iodophenyl
group, p-iocdophenyl group and iodonaphthyl group;
iodoalkylaryl groups such as iodomethylphenyl group and
diiodomethylphenyl group;
20 aralkyl groups such as benzyl group, a-phenethyl group,
B-phenethyl group, diphenylmethyl group, naphthylmethyl group
and neophyl group; and
halogenated benzyl groups such as m-chlorcbenzyl group,

p-chlorobenzyl group, m-bromobenzyl group, p-bromobenzyl



and are each preferably an aryl group having 6 to 10 carbon atons or an
aral kyl group having 6 to 10 carbon a?gns; particul arly preferably, phenyl
group, benzyl group, mchlorophenyl group, p-chlorophenyl group,

m chl or obenzyl group or p-chlorobenzyl 15 group. [0025] Mis
titanium zirconiumor hafnium preferably zirconium or hafnium
particularly preferably zirconium [0026] 20Q is an atomor a group
selected froma hal ogen atom a hydrocarbon group,. an anionic ligand or a
neutral IG*Ga#d Eﬁﬁéﬁﬁgﬁﬁﬁygo@FHWﬁa@FGhFﬁ}Q Iy BIB/B rons. QG may be
the sane as or different fromone another. [0027] 15 Specific
exanmpl es ¥9%3e hal ogen atominclude fluorine, chlorine, bronne and

i odi ne. Specific exanples of the hydrocarbon group include nethyl, ethyl,
n-propyl, isopRoppnd R'meity| peohylprelfel-adiinet Ay lhydapylen atom or a

2, 2-di net hyl propyl, 5 1, 1-diethyl propyl, 1-ethyl -1- et hyl propyl,

1,1, 2, 2- peidraeiiyrpgepub. seer kyley Lot 26 tediHoH atoms; more preferably
1, 1-di met hyl butyl, 1,1, 3-trinmethyl butyl, neopentyl, cycl ohexyl nmet hyl,

oo eherid ek BNy ki 010 carpon atons
particularly preferably a hydrogen atom, phenyl group, o-tolyl
group, m-tolyl group, p-tolyl group, o-chlorophenyl group,
m-chlorophenyl group or p-chlorophenyl group.

[0024]

10 R® and R® may be the same as or different from one another,
and are each preferably an aryl group having 6 to 10 carbon atoms
or an aralkyl group having 6 to 10 carbon atoms; particularly
preferably, phenyl group, benzyl group, m-chlorophenyl group,
p-chlorophenyl group, m-chlorobenzyl group or p-chlorobenzyl

15  group.

[0025]

Mis titanium, zirconium or hafnium, preferably zirconium
or hafnium, particulariy preferably zirconium.
[0025]

20 Q is an atom or a group selected from a halogen atom, a
hydrocarbon group, an anionic ligand or a neutral ligand capable
of coordination by lone pair electrons. Os may be the same as
or different from one another.

[0027]



10 s-trans-n4-1, 4-di phenyl-1, 3- but adi ene, s-ci sOr
s-trans-n4- 3- nethyl 1, 3- pentadlene S- CISC}
s-trans-n4-1, 4-di benzyl-1, 3- but adi ene*®s-cis O s-trans -n4-2, 4- hexadi ene,
S-ci s-ors-trans-n4-1, 3- pent adi ene, s-cis- or
s-trans-n4-1,4-diton1-1,3-butadiene and s-cis- or 15
s-trans-n4-1,4-bis(trimethylsilyl)-1,3-butadiene. [00281 Specific
exanples of the anionic |igand include al koxy groups such as nethoxy,
tert - but oxy an896ﬁéﬁé%y?X%%Pb%ﬁfﬂéF@eghééB§e§u@HO%SlQﬁk%Qﬂeﬁ%ﬂﬂiﬂ@@hzoate;
and sul fonate groups such 20 as nesylate and tosylate. Specific exanples of
t he neut cdlloriiggnd kapable efidcobrdimati orfpycibhe paiampdlesctobnshiencl ude
or ganophosphorus conpounds such as trinet hyl phosphine, triethyl phosphi ne,
t ri pheny hykespbirbenagdoup bt vidy hetthen,, dtbyanenamebdy 2, digwgitexyet hane.
[ 0029] A preferred enbodi ment of Qis a halogen atomor an al kyl
group ha\éh&@tllﬁggg%p@qr bon zatlora&me%g@%@]oﬁyll S a@ JUBHRI 1R ph kR4

preferably 2. Transition metal conpound (A) and exanples ther eof

5 1,1-diethylpropyl, l-ethyl-1-methylpropyl,
1,1,2,2-tetramethylpropyl, sec-butyl, tert-butvyl,
1,1-dimethylbutyl, 1,1,3-trimethylbutyl, neopentyl,

cyclohexylmethyl, cyclohexyl, l-methyl-l-cyclohexyl, s-cis-

or s-trans-n*-1,3-butadiene, s-cig- or
16 s-trans-n*-1,4-diphenyl-1,3-butadiene, s-cis- or
s-trans-n*-3-methyl-1,3-pentadiene, s-cis- or
s—trans—n4—1,4mdibenzy1~1,3~butadiene, s-cis- or

g-trans-n*-2,4-hexadiene, s- cis- or s-trans-n*-1, 3-pentadiene,

g-cis- or s-trans-n*-1,4-ditolyl-1,3-butadiene and s-cis- or
15 s-trans-n*-1,4-bis(trimethylsilyl)-1,3-butadiene.

[0028]

Specific examples of the anionic ligand include alkoxy
groups such ag methoxy, tert-butoxy and phenoxy; carboxylate
groups such as acetate and benzoate; and sulfonate groups such

20 as mesylate and tosylate. Specific examples of the neutral
ligand capable of coordination by lone pair electrons include
organophosphorus compounds such as trimethylphosphine,
triethylphosphine, triphenylphosphine and

diphenylmethylphosphine; and ethers such as tetrahydrofuran,



Herei nafter, specific exanples of the transition netal 10 conpound (A)
represented by the general formula [1{ in the present invention are
described, without liniting the scopel®df the present invention. [0032]
Specific exanples of the transition netal conmpound (A) 15 represented by
the general fornmula [1] in the present invention include:

di benzyl net hyl ene(cycl opent adi enyl ) (2, 7-di net hyl-3, 6-di -ter

t-butyl fluorenyl)zirconiundichloride [also referred to as
113_diphéﬁﬁqhyﬁﬂqﬂggd(ﬁgg§ane and 1,2-dimethoxyethane.

20(cycl opent adi enyl ) (2, 7-di net hy1- 3, 6-di-tert-butyl fl uorenyl)

zi rconi unti®tfilori de; hereinafter, alias of each conpound is onitted],

di benzyl net hyl ene(cycl opent adi eny1(2, 7-di (2, 4, 6-tri net hyl ph

enyl) - 3, 6- di - t er progéylbhuaneminaiy eenh UHlkChLObLER, acdn 3 Banzylyet hyl ene
(cycl opentadi enyl) (2, 7 -diphenyl-3 , 6-di-ter t-butylfluorenyl)
zirconiangdagtygﬁyhg.qjgﬁp%yl ene{cyclopentadienyl) (2, 7-di (3,
5-di et hyl phén y1) -3, 6-di- tert-butylfluorenyl) zirconiundichloride, 5
diben§ylnﬁﬂﬂ¥#ene (cycl opentadienyl) (2, 7-di (4 -nethyl phenyl) - 3, 6 - di
- terf -buty | uorenyl ) zirconiundichloride , dibenzyl nethylene (
cyclopentadienﬁl,) éé,,? -di naphthyl - 3, 6 -di - t ert -butyl f |uorenyl
)~ zi r coni undi chI &Fi 88 1TEFPHERZ PFnet kYl énePESFETSHFERt &di enyl ) (2, 7-di (4
-tert-butyl phen 10 y1)-3,6-di-tert-butylfluorenyl)zirconiundichloride,
dipheneth&ﬂﬁﬁﬂhylene(cyclopentadienyl)(2,7-dipheny1-3,6-ditert-butylfluoren
yl) zi rconi undi chl ori de,

di ( benzhylras)instchy rere(lc yehgrentdadize nyn} 2:xAnh Jphe mHe s &

di -tert-butyl fluorenyl)zirconiundi chloride,
Hereinafter, specific examples of the transition metal

10 compound (A) represented by the general formula [1] in the
present invention are described, without limiting the scope of
the present invention.

[0032]
Specific examples of the transition metal compound (A)

15 represented by the general formula [1l] in the present invention
include:
dibenzylmethylene (cyclopentadienyl) (2, 7-dimethyl-3,6-di-ter
t-butyifluorenyl) zirconiumdichloride [also referred to as
1,3-diphenylisopropylidene

20 (cyclopentadienyl){2,7-dimethyl~3,6—di-tert—butylfluorenyl}
zirconiumdichloride; hereinafter, alias of each compound is
omitted],
dibenzylmethylene (cyclopentadienyl (2,7-d1i(2,4,6-trimethylph

enyl)-3,6-di-tert-butylfluorenyl)zirconiumdichloride,



15 di (cunyl) nethylene ( cyclopentadienyl) (2, 7 - diphenyl -3, 6 - di-
te rt-butylfluorenyl) zirconiundichloride, diphenyl nethylene

(cycl opentadi enyl) (3, 6-di- tert-butyff lucre nyl) zirconiundichloride,
di -o- tolylnethylene (cyclopentadienyl) ( 3, 6 - di - tert -butyl f luo
20 renyl) zirconiundichloride, di -m tolylnmethylene (cyclopentadienyl ) (
3, 6 - di - tert - butylf luo renyl) zirconiundichloride,

di - p-t ol yl net hyl ene (cycIoPentadienyt;,(S, 6 -di-tert-butylf luo renyl)
ZirconiL”ﬁﬁhﬁﬂ%ﬁﬁqﬁEhyyﬁﬁe cyclopentadienyl) (2, 7-diphenyl-3,6-di-ter

di (o-chl or ophenyl ) met hyl ene(cycl opent adi enyl ) (3, 6-di-tert-b

ut yl f | vortersl Yzl rloanianydi )l ordrdieyndichloride,

di (m chl or ophenyl ) met hyl ene(cycl opent adi enyl ) (3, 6-di-tert-b

utyl f | uor@mdnzimeanualictderideantadienyl) (2, 7-di {3, 5-dimethylphen

di (p-chl or ophenyl ) met hyl ene(cycl opent adi enyl ) (3, 6-di-tert-b

utyl f1 uorenyly z rgonidpi i ord e renyy) z1 fumd] -
di(o-bro%@bhenyl)nethylene(@?%lopéﬁﬁ%ﬁﬁkﬁ%ﬁ%%%i%ﬁiﬁ?%%ﬁﬁ% u

tyl flyorep j.[.caoni i.chl Qri . .
di(n}groE%%%%ﬁ?&%ﬁ%?ﬁgﬁ%ﬁ%%%@%#%%ﬁﬂﬁ%&ﬁ%ﬁ%ﬁ5Y%{%ﬁ?ﬁQ%EW?EQX}HR?HYE)‘
tylfluorenyl ). zirconiundichl oride, di, (p-bronpphenyl ) nethylene

(cycl opent’ |QﬁﬂH%rRT§u9¥%#LGQQﬁQY%ﬁF%RHQQ%HWQ%EH%O%H &oni undi chl ori de, di
(o- iodophenyl ) nethylene (cyclopentadienyl? (3, 6 -di- tert -but

yl f | uor erfAierA Hes el G wemmdienyl) (2, 7-dinaphthyl-3,6-di-t

di (m i odophenyl ) net hyl ene(cycl opent adi enyl ) (3, 6-di -tert-but

yl f I uor emtt)-Ziutgdrilundiesiyiord ideyoniumdichloride,

di (p-i odophenyl) net hyl ene(cycl opent adi enyl ) (3, 6-di -tert-but

yl 1 uor ergilperizyaerithydicstd @idpentadienyl) (2, 7-d1 (4-tert-butylphen
di (o-trifluoronethyl phenyl) net hyl ene(cycl opent adi enyl ) (3, 6- 2@;

R e S
o OSSO AT AL ) 6 2 e s
di_tert-t%&fgjgd¥¥f¥¥ga¥gﬂyilgfﬂggﬁﬁﬂﬁggéﬁiorﬁg%,
di (benzhydryl)methylene (cyclopentadienyl) {2, 7-diphenyl-3, 6-
di-tert-butylfluorenyl)zirconiumdichloride,
15 dif{cumyl)methylene{cyclopentadienyl) (2, 7-diphenyl-3,6-di-te
rt-butyifliuorenyl) zirconiumdichloride,
diphenylmethylene (cyclopentadienyl) {(3,6-di-tert-butylfluore
nyl)zirconiumdichloride,
di-o-tolylmethylene (cyclopentadienyl) (3,6-di-tert-butylfluo
20 zrenyl)zirconiumdichloride,
di-m-tolylmethylene (cyclopentadienyl} (3,6-di-tert-butylfluo
renyl) zirconiumdichloride,
di-p-tolylmethylene (cyclopentadienyl) (3,6-di-tert~-butylfluo

renyl) zirconiumdichloride,



di (2- napht hyl ) met hyl ene(cycl opent adi enyl ) (3, 6-di -tert-butyl

fl uorenyl) zi rconi undi chl ori de,
dlbenzylnethylene(cyclopentadlenyl)(sl% di-tert-butyl fluore

nyl ) zi rconi undi chl ori de, 5

di (o-chl or obenzyl ) met hyl ene(cycl opent adi enyl ) (3, 6-di-tert-b

utyl fl uorenyl) zirconi undi chl ori de,

di (m chl orobenzyl ) met hyl ene(cycl.opent adi enyl ) (3,6-di-tert-b
utyIfIuoﬁgﬁﬂjqﬂ%QﬁﬂﬂhﬁﬁﬁLﬂm %%§ e(cyclopentadlenyl}(3 6-di-tert-b
di (p-chl or obenzyl ) met hyl ene(cycl opent adi enyl ) (3, 6-di-tert-b 10

ut yl f I uorergll Hlzxionsey il rdivstengringd,chloride,

di (o- bronobenzyl ) et hyl ene(cycl opent adi enyl ) (3, 6-di-tert-bu

tyl f 1 uor enyln)-zitleanidghaEhydh hertiga.ene (cyclopentadienyl) (3, 6-di-tert-b
di (m bronobenzyl ) nmet hyl ene(cycl opent adi enyl ) (3, 6-di-tert-bu

tyl 1 uor eay)ZidGAMH M GBI fR diS oride,
di (p- bronobenzyl)nethylene(cyclopentadlenyl)(s 6-di-tert-bu

tyl fl I

(o F od e R R B e AR P A R, (@t et b
| 1 hi d

éunff’éﬁg%té@”"’”' wRPRS “8\6%&“:}6% R399 (3, 6-di -tert-but 20

yl fl uor enyl 2|rcon|unﬁ|chlor|de
di (p- i 0dEHelPIAIRSIENEHS (e I8 EHCePRERta.ca-aaiy el -GneH - tert-bu

yl fl uorenyl) zirconi undi chl ori de,

di ( o- met Wilsdnxopicryatl) milreveicydligpdntradicenyl ) (3, 6-di-tert-b

utyl fl uorenyl) zirconiundi chl oride, 20

di (m et lal (emzndpeidnle reteyclerantyadioprylt)HB fndi)- terd-di - tert -bu

utyl fl uorenyl) zirconi undi chl ori de,

di ( py et kyhkenzyldat bl eneicyeopanhadieenyl) (3, 6-di-tert-b
utyIfIuorenyl)2|rconlunﬁlchlorld

S(benzyl ){spf %(e%g)l%%%”(tc%%%%@t(a%mn% &l t%i"t tert-bu

yIquoreny gélrconlu
(benzyl) Ien cl o entadlenyl)(2 7- di phenyl -

6-d|-tert TSRS de,

(benzyl) ( henyl)nethylene(c | opent adi enyl ) (2, 7-di -o-tolyl- 10

3, 6-di - t &¥t (A me)t%wl@@ﬁm lemesttiadéenyl) (3, 6-di-tert-but
(benzyl)(phenyl)nethylene(cyclopentadlenyl)(Z 7-di -p-chloro

phenyl - 3 ya-fdivctremty-10 wtiydcfohiomehiydh)lzriceni undi chl ori de

(p-chl orobenzyl) (phenyl ) met hyl ene(cycl opent adi enyl) (2, 7-di p

henyis 3, Grdim-tieydodheylif e@rgndnezic em@péﬂﬁla@ﬂ@@f W1des, 6 d;. tert but
i s(p-chl orobenzyl) (phenyl) et hyl ene(c clopentadlenyl)(Z

0- t 0l y1- 316t Ut kuarame Nl igoni undi chi or i de,
(p- chIorobenzyl)(phenyl)nethylene(cyclopentadlenyl)(z 7-di p- chlor ophenyl - 3,

6- di - fL! I
20( Ibe';lg;%) b(g) Bé“rﬂ %o%r?ﬁg’ )“5%' @ﬁ%ﬂ%@g@c open l(?néfrwl )(f fhd tﬁ‘rt -but
heny1- 3, -tert- ﬁ_ﬁ%]fluqren zi rconi undi chl ori de,

(benzy|)(i/|c}LOIIJ S He Ay RS &FE S pent adi enyl ) ( 2, 7- di -

di{o-trifluoromethylphenyl)methylene (cyclopentadienyl) (3,6~
20 di-tert-butylfluorenyl)zirconiumdichloride,
di{m-trifluoromethylphenyl)methylene (cyclopentadienyl) {3,6-
di-tert-butylflucrenyl)zirconiumdichloride,
di{p-trifluoromethylphenyl)methylene (cyclopentadienyl) (3,6~

di-tert-butylfluorenyl)zirconiumdichloride,



o-tolyl-3,6-di-tert-butylfluorenyl)zirconiundichloride,

(benzyl) (p-chl or ophenyl ) net hyl ene(cycl opent adi enyl ) (2, 7-di - 21
p- chl or opheny1- 3, 6-di-tert-butyl fluoréfyl)zirconiundichlori de,
di phenylnet hyl ene(cycl opent adi enyl ) (2, 7-di -o-tolyl-3,6-di-t
ert-butyl f luorenyl)zirconiundi chl ori de,

di - p-tolyl -net hyl ene(cycl opent adi enyl ) (2, 7-di -o-tol y1-3, 6-d
i-tert-butyl fluorenyl)zirconiundichloride,

di (p- chl ctopheml st Qﬁhﬂk%nﬁthﬂﬁqmﬁmﬁ®d®¢ﬁyﬂ¥dB ©-dbiyert-butyl
1-3,6-di-tert-butyl fluorenyl)zirconiundi chl oride,

di (p-tri filoroceret hyd phesryilymetdhyilleaniei{«<y cl opent adi enyl ) (2, 7- 10
di-o-tolyl-3,6-di-tert-butylfluorenyl)zirconiundichloride,

di (2- napmlwéammwwm%&mﬁ%ﬁ}(ﬁ) (73d6 =@ 1 ¥Rty fivore

6-di-tert-butyl fluorenyl)zirconiundichlorid
di benzyl :ggﬁf yl)(2,7-di- o tolyl-3,6-di-t
ert- butyﬁﬁ%uoreny 2|rcon|6ﬁgxﬁﬂloride 15

clil nggg: %%ﬁnﬁ?%@;}ﬁ% Clr]égp {ﬁ%fcii?l ed%é%l di; o toI LYo et

di (p nethylbenzyl)nethylene(cyclopentadlenyl)(z 7- d| o- ton

1- 3, 6- di 4BftEBIRAAF WFeRADZMESTH R Eh or i de,

di benzyl net hyl ene(cycl opent adi enyl ) (2, 7-di -o-tolyl -fluoreny 20 1)

zi r coni urdi ol Griekobadizien md thatigd ey Coyrd ropehtadi Bnid )6 { @i - Texdi -b
(o-ethyl phenyl) - 3, 6 -di- tert -butylf luorenyl] zirconiundichloride,

di benzy| netyiyi lenerdroyiol opertadiceniyd)1 4, del- di - [0- (n-propyl ) phe nyl] -3,
6 -di- tert-butyl fluorenyl] zirconiundichloride, 22 dibenzylnethylene (

cycl opentgdi et drdinz i) et mylerﬁed Y adi 1&2@%’31‘]6 =B -Gy

tert-butylfluorenyli zirconiu chlorlde dlbenzy t'hyl ‘ene

(cyclgpe % y phen yl] -3, 6 -di-
tertlbut :§$%%% 522|%%§ﬁ§q} éﬁ{or 5 dlbenzylnethylene (

oyc ot e%@%ﬁ%ﬁ%ﬁé NG “oaér?t@i’ A it 1 B g

cycl opent adi enyl [2 7-di- [0- (sec- butyl) ph enyl] - 3, 6 -di- tert

- but yl quwéan hdgimamiginehicdri el de di benzyl net hyl ene

(cycl opentadienyl) [2, 7-di- [0o- (tert- butyl) p 10 henyl] -3, 6 -di -

t ert - but ydif {nudremdde A ywid owitimalicctd Ervadeypedi trehizyiet (8] enki - tert -bu

(cycl opentadienyl) [2, 7-di- [0o- (n-icosyl) phe nyl] -3, 6-di-tert-butylf
| uor eny! JcyZi Flaentatymi )ehlr@drdemdidigryd et hyl ene (cycl opent adi enyl) [2
7-di - (o-cyclohexylphe nyl) -3, 6-di- tert-butylfluorenyl]

zi rcpi ungl @“ﬁd%e%l@'n@%@%ﬂ'éﬂ‘é@q o it psahad S d e ot di -

(bi pheny1-2--yl) - 6 -di-tert uorenyl ] zirconiu ori de,

o et a2 0, (e b -

(CyC|OpeQﬁﬁ%ngggbenzyl)methylene(cyclopentadienyl)(3,6—di—tertmbut
y1lfluorenyl) zirconiumdichloride,
di{m-iodobenzyl}methylene (cyclopentadienyl) (3, 6-di-tert-but

20  vylfluorenyl)zirconiumdichloride,

di{p-iodobenzyl}methylene (cyclopentadienyl) {3, 6-di-tert-but
yv1ifluorenyl)zirconiumdichloride,
di (o-methylbenzyl)methylene (cyclopentadienyl) (3, 6-di-tert-b

utylfluorenyl) zirconiumdichloride,



20[2, 7-di- [o- (2 -phenanthryl) phenyl] -3, 6-di-tert-butylfluoreny 1]
zi rconi undi chl ori de, dibenzyl nethyl ene (cyclopentadienyl) [2 , 7-di-
(o-trimethylsily |phenyl) -3, 6 -di-téft-butylfluorenyl]

zi rconi undi chl ori de, di benzyl met hyl ene (cycl opentadienyl) [2, 7-di-
(o-triphenylsily 23

| phenyl) -3, 6-di-tert-butyffluorenyll zirconiundi chloride,

di phenyl net hyl ene(cycl opent adi enyl ) (2, 7- di phenyl-3, 6-di -ter
t - but yl f IGddiemADRI ke R UnHedhvdergd cyclopentadienyl) (3,6-di-tert-b

di benzyl net hyl ene(cycl opent adi enyl ) (2, 7-di pheny1-3,6-di-ter 5

t - but yl f ggrlényddrzinydors inmdindhingidicdd oride,

di phenyl net hyl ene(cycl opent adi enyl ) (2, 7-di - p- chl or opheny1- 3

6- di - t er ihy-weanemdyiz imeeeRilemd @Yaddaitadienyl) (3,6-di-tert-b
di - p-tol yl - net hyl ene(cycl opent adi enyl ) (2, 7-di - p- chl or opheny

1-3, 6-di utt%rltmtzfgﬂéﬂlqozl%&ﬂn{dqwlmd‘éﬂ' oride, 10
di (p-chl or 6phenyl) nethylene cyclopentadlenyl)(Z 7-di - p-chlo

rophe yl | r ni h| .
d|(p rlfﬁhgﬁgéét 6ﬁHﬂ¥\ n§ﬁhy %15%%%353ﬁgﬂyﬁy%fﬁffterthbut

- p-chl or. 6 d|-tert- | f1 uorenyl)zirconiundi chl oride, 15
d|(2 napﬁ'%% qﬁd%%ﬁ%ﬂ N (2, 7- di - p- chl or oph
enyl-3,6-di-tert- butylfluorenyl)2|rconlunﬂlchlorlde
di benzy 1 remavan @iy dp antddileng (cyE ITrrantedifnatlopfery Lighenyl -3,
6-di-tert-butyl fluorenyl)zirconiundi chl oride,

di ( p- chlerabernapt)-Tettpyll fdneteyelio pantcadiiemd )t of-idie-,p- chl o 20
rophenyl- 3, 6-di-tert-butyl fluorenyl)zirconiundi chl oride,

di (p- met h&fal Yl (pgreiriyvl) ety ehenesiadirmtaddiznt1di p-chli0 o- tolyl -
ropheny1- 3, i-tert- butylfluorenyl)2|rconlundlchlorlde

dib I ¢ 1-3
6I dle?é?/rrerﬁ?tﬁyﬁsﬂ%f I Eﬂéﬁﬁaﬁl)%%x%g%lm umit] Cﬂ’i or |C§M}ﬂr&a%ny

(benzyl) (phenyl)methylene (cyclopentadienyl) (2,7-di-p-chlore
phenyl-3,6-di-tert-butyifliuorenyl)zirconiumdichloride,
(p~chlorobenzyl) (phenyl}methylene (cyclopentadienyl) (2, 7-dip
henyl-3,6-di-tert-butylfliuorenyl)zirconiumdichloride,

15 (p-chlorobenzyl) (phenyl)methylene (cyclopentadienyl) (2,7~di-
o-tolyl-3,6~di~tert-butylflucrenyl)zirconiumdichloride,
(p-chlorcbenzyl) (phenyl)methylene (cyclopentadienyl) (2, 7-di-
p-chlorophenyl-3,6-di-tert-butylfluorenyl) zirconiumdichlori
de,

20 (benzyl} (p-chlorophenyl)methylene {cyclopentadienyl) (2, 7-dip
henyl-3,6~-di~tert-butylfluorenyl) zirconiumdichloride,
(benzyl) (p-chlorophenyl)methylene (cyclopentadienyl) (2,7-di-
o~tolyl-3,6-di-tert-butylfluorenyl)zirconiumdichloride,

(benzyl) (p-chlorophenyl)methylene (cyclopentadienyl) (2,7-di-



24 di benzyl net hyl ene(cycl opent adi enyl ) (2, 7-di - p- chl or opheny1-3

, 6-di cunyl fl uor enyl) zi rconi undi chl ori de,

di benzyl net hylene(cycl opent adi enyl ) (217-di-p-chl orophenyl-3

, 6-adamantyl fl uorenyl) zi rconi undi chl ori de, 5

di met hylnet hyl ene(cycl opent adi enyl ) (2, 7-di -p-trifl uoronethy

| phenyl-3, 6-di-tert-butylfluorenyl)zirconiundichl ori de,

di et hyl met hyl ene(cycl opent adi enyl ) (2, 7-di -p-trifl uoromnet hyl

phenyl - 3H&Qﬁlqgﬂﬂhﬁﬂﬁ%d3dQnﬁkﬂﬁﬂﬁﬁﬁhuﬂﬂﬁﬁkﬁﬂﬁﬂﬂxﬁ)zkxconlumdlchlorz

di - n- propylnet hyl ene(cycl opent adi enyl ) (2, 7-di -p-trifluoronme 10 thyl phenyl-
3, 6 -dide, tert -butyl f luorenyl ) zirconiundichloride, di-

i so- propyl nmet hyl ene (cyclopentadienyl) (2, 7-di -p-trifluoro nethylphenyl-
3, 6 - diiphdiBfimetiifddie | 1%@&«::5&@3}1 umﬂlﬁlthpfcsﬁ@olﬂ-s 6-di

- n- butylnethylene (cyclopentadlenyl) (2, di -p- tri | 'uor onet hylphenyl

-3, 6 é¥t:b&§?%fl&ggéﬂ xﬁm%fégd?ﬁy%umhchlorlde i's

di -iso- butylnet ene(cy openta eny P-trifluorom
ethyl 1-3,.6- d| t ert.- but l.ugre rconjundi chl eride,

-sec- buc%/yl rrettwje%e(t ?JIc%eegﬁ é]r%\t)) d( rﬁd F%? 4#1%&%1 3,6-q
ethylphenyl 3,6-di-tert- butylfluorenyl)2|rconlundlchlorlde

di - t er t - butSAT R eIk Bpe g EI A 19 4 ri f | uoro 20
met hyl phenyl- 3, 6-di -tert-butyl fl uorenyl)zirconiundi chl ori de,

di - n- oct yiinErta laresesioper tddilemd (o2 1bmingad rédfi Uofpmetdi-o-toly
hyl phenyl1-3, 6-di -tert-butyl fluorenyl)zirconiundichlcride,

di - n- t r i dcantgdietturenea oyl lapertadi) ey ddi2, uhdlicHi-dFidd uo
romet hylphenyl-3,6-di-tert- butyIfIuorenyl)zirconiunﬁichlori 25 de,

phenyl metdwyirenelioyiclaran @) 3 mbtdy 1Rl _
henyl-3,6-di-tert- butylffﬁgigﬂﬁ#%giEéonlundlc OH(?EH%A&&thl (2.7

di phegyl ngt hyl.en el 3{ @-Qﬁ?}tﬂeg}rtg%%%llo(yer% Cinnr i) ()1.1nrr113 c)i'llorld@

Iphenyl 3, 6-di irconiu or

hyI Bhgg%%% %‘v‘% O@%tadle ')o%w%aﬁ%a}@hé%?f’&s&“ -tolyl-3,

di (p-chloro enyl)nethylene(cyclopentadlenyl) 2, 7-di-p-trif

| uor omet Hy1BERFE-P i Liusmerpidyaimoesdemaich iasgsaundi chl  100ri de,

di (p-trifluoronethylphenyl) et hyl ene(cycl opentadi enyl) (2, 7-

di - p- t ri fdibsrswnetinhenel§,a-cienterdi-dmtly| (3 ,ubrdmd Jtzi Ivdo- nidwdi-chl or i de,
di (2- napht hyl ) net hyl ene(cycl opent adi enyl ) (2, 7-di -p-trifluor 15

onet hyl pheny-ixd\8-fdivdrenty butiddrieneriyniziricani undi chlorid e,

di benzyl net hyl ene(cycl opent adi enyl ) (2, 7-di -p-trifl uoronethy

|phe@¥1:ﬁﬁiﬁﬂcﬂfafdﬂéﬂigﬁ|dé¥H§T@ﬂ54dyH¥HﬁéH¥é&léﬁ?f#%2 7-di-o-toly
di (p-chl orobenzyl ) met hyl'ene(cycl opent adi enyl ) (2, 7 if
1-3,6~di-tert-butylfluorenyl)zirconiumdichloride,
di (p-methylbenzyl)methylene (cyclopentadienyl) (2,7-di-o-toly
1-3,6-di-tert-butylfluorenyl)zirconiumdichloride,
dibenzylmethylene (cyclopentadienyl) (2, 7-di-o-tolyl~fluoreny
20 1) zirconiumdichloride,
dibenzylmethylene (cyclopentadienyl) [2, 7-di- (o-ethylphenyl) -
3,6-di-tert-butylfluorenyl] zirconiumdichloride,

dibenzylmethylene (cyclopentadienyl) [2,7-di- [o- (n-propyl) phe

nyl]-3,6-di-tert-butylfluorenyl] zirconiumdichloride,



20 | uoronet hyl phenyl1-3, 6-di-tert-butylfluorenyl)zirconiundichl oride,

di ( p- net hyl benzyl ) net hylene(cycl opent adi enyl ) (2, 7-di -p-trif

| uor onet hyl pheny1-3, 6-di -tert-butyl fl @drenyl)zirconi undi chl oride;
conpounds in which a zirconium atom of the above 26 conpounds is replaced
with a hafniumatomor a titanium atonm conpounds in which a chlorine atom
of the above conpounds is replaced with nmethyl group or benzyl group; and
conbi nati ons thereof, without being [imted thereto. Anbng a hafni um at om
5 a zir cohikanzatlomtand emnd (ayemiaparatagihenyrlef & abl @i 4 bo-al Zéo-qoropyh at om
These conpounds maybe used singly, or two or nore kinds may be used in
conbi nat iteemy 1003 3- cRr-agkiat it yIraeess mofl Jtriansdd i e et Bdr cagrpound (A) 10
The transition netal conmpound (A) used in the present invention can be

produced &y i iJAt .o Exenpl ary Nx
described in J -Afggio?%%a%ﬂiﬁgﬁ%g#f¥%6%§??6§%ﬁﬁﬁﬂgP?%-%gg%?%ggé%%%l

3p. A 2001 826730 S T R0 2oeua1 L GOFH PRI B T EAF o rment s when
Ther o >ar ABEET BE0 ey RISl ke PR it et & 20 A B B
transition ne{gl conpound &Q%:equoyed in the present invention is used as
a cat al ysStdr 3 e Gorduct o vt lotcatany gl iraast ywsiefh hemislener i zat i on
catal yst). [0035]

dibenzylmethylene (cyclopentadienyl) [2,7-di- [0o- (sec-butyl)ph

enyl] -3,6-di-text-butylfluorenyl] zirconiumdichloride,

dibenzylmethylene (cyclopentadienyl) [2,7-di- [o- (tert-butyl)p

10 henyll-3,6-di-tert-butylfluorenyl!zirconiumdichloride,
dibenzylmethylene (cyclopentadienyl) [2,7-di- [o- (n~icosyl) phe
nyl]—3,6—diwtert—butylfluorenyl]zirconiumdichloride,
dibenzylmethylene (cyclopentadienyl) {2, 7-di- (o-cyclcohexylphe
nyl) -3,6-di-tert-butylfluorenyl] zirconiumdichloride,

15 dibenzylmethylene (cyclopentadienyl) [2,7-di- (biphenyl-2-y1) -
3,6-di-tert-butylfluorenyl] zirconiumdichloride,
dibenzylmethylene (cyclopentadienyl} [2,7-di- [o- (2-naphthyl)p
henyl] -3,6-di-~tert-butylfluorenyl] zirconiumdichloride,
dibenzylmethylene {cyclopentadienyl)

20 [2,7-di-[o- (2-phenanthryl)phenyl] -3, 6-di-tert-butylfluoreny
1l zirconiumdichloride,
dibenzylmethylene (cyclopentadienyl) [2,7-di~ (o-trimethylsily

lphenyl) -3,6-di-tert-butylfluorenyl] zirconiumdichloride,

dibenzylmethylene (cyclopentadienyl) [2,7-di- (o-triphenylsily



<O efin polynerization catal yst> 27 When the transition netal
conpound (A) is used as the olefin polynerization catal yst, the catal yst
conprises the transition netal conpouﬁ% (A) and an organonetal lic conmpound
(B). Here, the organonetallic conmpound (B) is at |east one 5 organonetallic
compound (B) selected fromthe follow ng conpounds (b-1), (b-2) and (b-3).

[ 0036] (b-1) organoal um num oxy- conpound (b-2)
conpound that reacts with the transition metal 10 conpound (A) to form an

i on pair lphenyl) -3, 6-diytRrtokydidd lnanamyild srigoumiti umdichlopieleconpounds
(b-1), (b-2) and (b-3) each may be used singly, or two or nore kinds may be
used i n codiiamtliterthyTieecolcafd ivpeel badErrgdt) | (@n Tcatigihesty vy, -t
conprise a 15 particulate carrier (C) and an organic conmpound conponent (D)

as requi recbutyarainalign,) Aihe dmdindidwalore@ponent s are specifically
described. [0037] [Organoal um num oxy-conpound (b-1)] 20As the

or ganoal l&ﬂﬁw%%é-t@@mm-ope&%énﬂ) W%S,W-%gﬁedﬂv-%mé Y-t herto

publicly known "al um noxane naybé used as’i ifi"cally, eéxenplary

PO OBor " Hfty/ MR RN i MRl N9 general Tormula 2]

diphenylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3
,6-di-tert-butylfluorenyl) zirconiumdichloride,
di-p-tolyl-methylene (cyclopentadienyl) (2,7-di-p~chleoropheny
1-3,6-di-tert-butylfluorenyl)zirconiumdichloride,

10 di(p-chlorophenyl)methylene(cyclopentadienyl) (2,7-di-p-chlo
rophenyl-3,6-di-tert-butylfluorenyl) zirconiumdichloride,
di{p-trifiuocromethylphenyl)methylene (cyclopentadienyl) (2,7-
di-p-chlerophenyl-3,6-di-tert-butylfluorenyl) zirconiumdichl
oride,

15 di{2-naphthyl)methylene (cyclopentadienyl) {2, 7-di-p-chloroph
enyl-3,6-di-tert-butyifluorenyl) zirconiumdichloride,
dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3
,6-di-tert-butyiflucrenyl)zirconiumdichloride,
di{p-chlorobenzyl)methylene (cyclopentadienyl) (2, 7-di-p-chlo

20 rophenyl-3,6-di-tert-butylflucrenyl) zirconiumdichloride,

di (p-methylbenzyl)methylene (¢yclopentadienyl) (2, 7-di-p-chlo
rophenyl-3,6-di-tert-butylifluorenyl) zirconiumdichloride,
dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl -3

,6-ditrimethylsilylfluorenyl)zirconiumdichloride,



RAI OAI R2 [0039] and/or the follow ng general formula [3]: [0040] / A0\
n S [31 [0041] In the general fornulae [2] and [3], Ris a

hydr ocarbon group having 1 to 10 carbdf atons; and n is an integer of 2 or
nore. Compounds represented by the forrmulae in which Ris 10 nethyl group
and nis 3 or nore, preferably 10 or nore are used suitably as :

met hyl al um noxane (MAO . M xing of organoal um num conpounds into these

al um noxanes is permtted. [0042] As the organoal um num oxy-conpound (b-1)
used in tHePERZIPFREEHL IRET IR e riadifery loxahpl bl 1 pret uber eptedninod fi ed
met hyl al um noxane as represented by the follow ng general fornula [4].

[ 0043] ,6-dicumylfluorenyl) zirconiumdichloride,

dibenzylmethylene (cyclopentadienyl) (2,7-di-p-chlorophenyl-3
, 6-adamantylflucrenyl) zirconiumdichloride,

5 dimethylmethylene {cyclopentadienyl) (2,7-di-p-trifluoromethy
lphenyl-3,6-di-tert-butylfiuorenyl)zirconiumdichloride,
diethylmethylene (cyclopentadienyl) (2, 7-di-p-trifluoromethyl
phenyl-3,6-di-tert~-butylfluorenyl)zirconiumdichloride,
di-n-propylmethylene (cyclopentadienyl) (2,7-di-p-trifluorome

10 thylphenyl-3,6-di-tert-butylfluorenyl)zirconiumdichloride,
di-iso-propylmethylene (cyclopentadienyl) (2, 7-di-p-trifluoro
methylphenyl-3,6-di-tert-butylflucrenyl)zirconiumdichloride,
di-n-butyimethylene {(cyclopentadienyl) (2,7-di~p-trifluocromet
hylphenyl-3,6-di-tert-butylfluorenyl) zirconiumdichloride,

15 di-iso-butylmethylene (cyclopentadienyl) (2,7-di-p-trifluorom
ethylphenyl-3,6-di-tert-butylfluorenyl) zirconiumdichloride,
di-sec-butylmethylene (cyclopentadienyl) (2, 7-di-p-trifluorom
ethyiphenyl-3,6-di-tert~butylflucrenyl) zirconiumdichloride,
di-tert-butylmethylene (cyclopentadienyl) {2, 7-di-p-trifluoroc

20 methyliphenyl-3,6-di-tert-butylfluorenyl)zirconiumdichloride,
di-n-octylmethylene {cyclopentadienyl) (2, 7-di-p-trifiuoromet
hylphenyl-3,6-di-tert-butylfluorenyl)zirconiumdichloride,
di-n-triacontylmethylene (cyclopentadienyl) (2, 7-di-p~trifluo

romethylphenyl-3,6-di-tert-butylflucrenyl) zirconiumdichlori



29 A0 CH3 AO

10

i5

20

25

de,

phenylmethylene (cyclopentadienyl) (2, 7-di-p-trifluocromethylp
henyl-3,6-di-tert-butylfluorenyl)zirconiumdichloride,
diphenylmethylene (cyclopentadienyl) (2,7-di-p-trifluoromethy
lphenyl-3,6-~di-tert-butylflucrenyl)zirconiumdichloride,
di-p-tolylmethylene(cyclopentadienyl) (2, 7-di-p-trifluoromet
hylphenyl-3,6-di-tert-butylfluorenyl)zirconiumdichloride,
di{p-chlorophenyl)methylene (cyclopentadienyl) (2, 7-di-p-trif
luoromethylphenyl-3,6-di-tert-butylfluorenyl)zirconiumdichl
oride,

di(p-trifluoromethylphenyl)methylene (cyclopentadienyl) (2,7-
di-p-trifluoromethylphenyl-3,6-di-tert-butylfluorenyl)zirco
niumdichloride,

di(2-naphthyl)methylene (cyclopentadienyl) (2, 7-di-p-trifluor
omethylphenyl-3,6-di-tert-butylfluorenyl)zirconiumdichlorid
=

dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-trifluoromethy
iphenyli-3,6-di-tert-butylfluorenyl)zirconiumdichloride,

di {p-chlorobenzylimethylene (cyclopentadienyl) (2,7-di-p-trif
lucromethylphenyl-3,6-di-tert-butylfluorenyl) zirconiumdichl
oride,

di(p-methylbenzyl)methylene (cyclopentadienyi) {2,7-di-p-trif
luoromethylphenyl-3, 6-di-tert-butylfluorenyl)zirconiumdichl

oride; compounds in which a zirconium atom of the above



[ 0044] In the formula, Ris a hydrocarbon group having 2 to 10
carbon atons; and mand n are each an integer of 2 or nore. The 5 nodified
met hyl al umi noxane is prepared using téfmethylal umi num and an al kyl al umi num
ot her than trinethylalum num Such a conpound as represented by the fornula
[4] is generally referred to as MMAO. The MVMAO can be prepared by the
process described in US4960878 and US5041584. 10 Further, conpounds
prepared by using trinmethylalum numand tri-isobutyl alum numwhich is

r epr esentEinaRdie ighoeplhordud at v e iniRn stticsobet gl t jranpuaraton;
commerci ally avail abl e under the nanme of MMAO or TMAO from Tosoh Fi nechem
Cor por at icamganchdshei: ke cniThe cMVBOihe anoal ufii Bh%afieownhi ebmbasndgproved 15
storage stability and i nproved solubility in various kinds of solvents;
speci fi caldpraddd dii930heesyiiNgaBupl bPhBLhEy O gRbLSYCAAE Myl pedr oy unli ke
the MAO of the fornmula [2] or [3] . [0045] Further exanples of the

or ganoal Uy Oxya earpeund: 20 16tlaishd Lpot henprgsent YAt of, i ncl ude
bor on- cont al ni ng or ganoal um num oxy- conpounds 'r epr esen ed y the 10llow ng

neral fornula [5]. 004 . . .
gene % a zircon uln ataLm an a%R'ltanlum atom, preferable is a zirconium

atom. These compounds may be used singly, or two or more kinds
may be used in combination.
[0033]

Production process of transition metal compound (A)

10 The transition metal compound (A) used in the present
invention can be produced by known methods without limitation.
Exemplary methods are described in JP-A-2000-212194,
JP-A-2004-368744, JP-A-2004-189666, JP~A-2004-161957,
JP-A-2007-302854, JP-A-2007-302853, Woo1/027124,

15 JP-A~2001-526730 and JP-A-H10-226694,

[0034]

Preferred embodiments when trangition metal compound (A) is

subjected to olefin polymer production

Thexre are described hereinbelow preferred embodiments
20 when the transition metal compound (A) employed in the present
invention is used as a catalyst for the production of olefin
polymers (olefin polymerization catalyst).
{0035]

<Olefin polymerization catalysts



Rd Al OBAIN Rd/ Rd is] [0047] In the formula, Rd is a hydrocarbon group
having 1 to 10 5 carbon atons; and Rd may be the sane as or different from
one anot her, and are each a hydrogen afom a hal ogen atom O a hydrocarbon
group having 1 to 10 carbon atons. The or ganoal um num
oxy-conpounds represented by the general fornulae [2] to [5] maybe used
singly, or two or nore 10 kinds may be used in conbination. [0048]

[ Compound (b-2) that reacts with transition netal compound (A) to form an
ion pair] Exanpites: afhet herasmnpduid midra2) ddadourencts) wWd hudde 45 d¢Hansition
netal compound (A) to forman ion pair (hereinafter, also abbreviated as an

"ionic comporing ol Red ML LW ScACh Bsst ] OBLE GRRRG ct?@i ofpounds
and carborane conpounds as described in JP-A-HO1-5 1950 P—Akal 502036,

Us. ng’emagf%%sc%’ﬁ%%% FEEnar AR e AT eRina e SLET e SBahas and
or of or 4ol P emp RSy 8 1 %Q#erwg@mﬁ@&ﬁq%%ﬁ%ﬁﬁ%g ﬁ#p%%}iéoées
representéggéggéégzjggk!O@g%%o%%ger?é)fe;g%ggkégﬂ-from the following
compounds (b-1), (b-2}) and (b-3).
[0036]
(b-1) organcaluminum oxy-compound
{b-2) compound that reacts with the transition metal
10  compound {A) to form an ion pair
{b-3} organcaluminum compound
The compounds (b-1), (b-2) and (b-3) each may be used
singly, or two or more kinds may be used in combination. The
olefin polymerization catalyst may further comprise a
15 particulate carrier (C) and an organic compound component (D)
as required. Hereinafter, the individual components are
specifically described.
[0037]
[Organcaluminum oxy-compound (b-1)]
20 As the organocaluminum oxy-compound (b-1) used in the
present invention, hitherto publicly known aluminoxane may be
used as it is. Specifically, exemplary compounds are those

represented by the following general formula [2]:

[0038]



[0050] Rg ,k RI131-R- 1. 5 [6] [0051] In the formula, Re' is, for
exanpl e, Er, carbenium cation, oxonium cation, amonium cation, phosphoni um
cation, cycloheptyltrienyl cation or #®rroceniumcation having a 10
transition netal; and Re to R may be the sane as or different from each

ot her and are each an organic group, preferably an aryl group.

Exanpl es of the carbeniumcation include tri-substituted carbenium cations
such as triphenyl carbenjum cation, 15 tri s(nethyl phenyl)carbeni untati onand
tris(di methylphenyl)carbenium cation. [0052]

Exanpl esof€ pri o\ H&l4idet ri al kyl anmoni um cati ons such as
trinmethyla ni 1.|m cation, tri etzyl ammoni um 20 cation, tri(n-propyl)anmmoni um
cation, tr'isoptopyl anmotli um

-[2]

{0039]
and/or the following general formula [3]:

[0040]

jﬁzimo}:

5 -+ {31

[0041]

In the general formulae [2] and [3], R is a hydrocarbon
group having 1 to 10 carbon atoms; and n is an integer of 2 or
more. Compounds represented by the formulae in which R is

10 methyl group and n is 3 or more, preferably 10 or more are used
suitably as methylaluminoxane (MAQO) . Mixing of organcaluminum
compounds into these aluminoxanes is permitted.

[0C42]

As the organoaluminum oxy-compound {(bk-1) used in the

15 present invention, further examples include such modified
methylaluminoxane as represented by the following general
formula [4].

[0043]



cation, tri(n-butyl)ammoniumcation and tr sobutyl anmonium 32 cation;

N, N-di al kyl ani I i ni untati onssuchas N, N-di net hyl ani | i ni um cati on,

N, N-di et hyl ani | i ni um cati on andN, N, 2, 49 6- pent anet hyl ani | i ni untati on; and

di al kyl amoni um cati ons such as dii sopropyl ammoni um cation 5 and

di cycl ohexyl ammoni um cati on. [0053] Exanpl esoft hephosphoni um cati oni ncl ude
triaryl phosphoni um cati ons such as tri phenyl phosphoni um

cation, tris(nethyl phenyl)phosphoni untati onand 10

tris(dinmeth Iphenyl)ph sphonlunlcatlon [ 0054] O the above, Re+ is
preferably benh at ammoni um cation; particularly preferably
trlphenylc r ét dlnethylanlllnlun1cat|on or

N, N—dlethyladlllnluﬂﬁl ation [ 0055]

< 14]
[0044]
In the formula, R is a hydrocarbon group having 2 to 10
carbon atoms; and m and n are each an integer of 2 or more. The
5 medified methylalumincoxane is prepared using
trimethylaluminum and an alkylaluminum other than
trimethylaluminum. Such a compound as represented by the
formula [4] is generally referred to as MMAO. The MMAO can be
prepared by the process described in US4960878 and US5041584.
10  Further, compounds prepared by using trimethylaluminum and
tri-isobutyl aluminum which is represented by the above formula
wherein R is isobutyl group are commercially available under
the name of MMAO or TMAO from Tcsoh Finechem Corporation and
the like. The MMAO is an aluminoxane which has improved
15 storage stability and improved solubility in various kinds of
solvents; specifically, it dissolves in an aliphatic or
alicyclic hydrocarbon, unlike the MAO of the formula [2] or [3].
[0045]
Further examples of the organoaluminum oxy-compound
20 {b-1) used in the present invention include boron-containing
organoaluminum oxy-compounds represented by the following

general formula [51.



Speci fic exanples of carbeniumsalts include triphenyl carbeni um
tetraphenyl borate, triphenyl carbeniumtetrakis(pentafl uorophenyl)borate,
tri phenyl carbeni um 20 tetrakis(3,5-di&?ifluoronethyl phenyl)borate,
tris(4-methyl phenyl ) carbeni um tetraki s(pentafl uorophenyl ) bor at eand
tris(3,5-dinmethyl phenyl)carbeni umtetraki s(pentafl uorophenyl)borate.

[ 0056] Exanpl es of amonium salts include trial kyl -substituted
anmoni um salts, N, N-dial kylaniliniumsalts and dial kyl ammoni um sal ts.
5[ 0057] [0046] Specific exanples of the trialkyl-substituted ammoni um
sal t si ncl udet ri et hyl anmoni_unt et r aphenyl bor at e,

tripropyl a niuntetrapﬁaﬁylborate, trd (n-butyl)amoni unt et raphenyl bor at e,
10 trimet hﬁ\%ﬂnﬁoni unmtetrakis (p- toIRﬂ) borate ,

tri met hyl anmoniyut ety aki§( o- _ka% orate,

tri(n-butyl) pégni et kiéigen | uor ophenyl ) bor at e,

triethylanﬁg i unmt etraki s(pentafl uor ﬁenyl)borate,
tripropylannoniuntetrakis(pentafluorophéhyﬂf%orate, 15

tripropyl i unt et raki s(2, 4- di net hyl phenyl ) bor at e,
tri(n-but@ﬂﬁgﬁnnniuntetrakis(3,5-dinethylphenyl)borate,
tri(n-butyl)amoniuntetrakis(4-trifluoronethyl phenyl)borate,
tri(n-butyl)anfntbfit B¥FERI3( R 518 2 i h@yshenyidyeg 1 to 10
rate, tri(n-butyl)anmoniuntetrakis(o-tolyl)borate, 20

di oct adecydmetrhpltamsonindt Bf mephdrey Ither atme as or different from one
di oct adecyl net hyl amoni unt et r aki s(p-tol yl ) borat e,

di oct adecylgmeidy| amoritateiciak shpdtobyh) Besat €a halogen atom or a
di oct adecyl met hyl anmoni unt et r aki s( pent af | uor ophenyl ) bor at e,

di oct adegy)yRIDyhRINIRY oAk (2.vs Glion%ta%oqb%l%n%sgor ate, 34

di oct adecyl net hyl ammoni unt et r aki's( 3, 5- di met hyl phenyl ) bor at e,

di oct adecyl met byl anmpal 41t &1 AKLT (45 LhHBLRE! WL EReIY )b OL3t &,

general formulae [2] to [5] may be used singly, or two or more
10 kinds may be used in combination.

[0048]

[Compound (b-2) that reacts with transition metal compound (A)

to form an ion pair]

Examples of the compound (b-2) that reactg with the

15 transition metal compound (A) to form an icn pair (hereinafter,

alsc abbreviated as an “ionic compound”) include Lewis acids,

ionic compounds, borane compounds and carborane compounds as

described in JP-A-HCGL-501950, JP-A-HO01-5C2036,
JP-A-H03-179005, JP-A-H03-1739006, JP-A-HQ3-207703,
20 JP-A-H03-207704 and U.S. Patent No. 5321106. Further

examples include heteropoly compounds and isopoly compounds.

[0049]



di oct adecyl net hyl anmoni unt etraki s(3,5-ditrifluoromethyl phen 5 yl)borate and
di oct adecyl net hyl ammoni um [ 0058] Speci fic exanples of the

N, N-di al kyl ani | i nium salts include N, Rdi nethyl aniliniuntetraphenyl borate,
10 N, N-di net hyl ani |'i ni unt et r aki s(pent af | uor ophenyl ) bor at e,

N, N-di met hyl ani |'i ni untetraki s(3,5-ditrifluoronethyl phenyl)b

orate, N, N-di et hyl ani |l i ni unt et raphenyl bor at e,

N, N- di et hyl ani |'i ni unt et r aki s( pent af | uor ophenyl ) bor at e,

N, N- di et hyl ani Thaiiantiet cakipo(355-(@i-ni £haor dbaephyfphenyl) boplsyeat

N, N- 2, 4, 6- pent anet hyl ani | i ni unt et r aphenyl borate and

N, N-2, 4, G:1pentransidry Lanehit b et & alds{perbabloweopbeprkkhe ctabe. t §0059]
Speci fic exanpl es of the dial kyl ammoni um salts include 20

di (1- pr opyd ) wdelraki&{Rentaf {gior ophenyl ) borat e and

di cycl ohexyl ammoni unt et r aphenyl borate. [0060] Furthernore, ionic conpounds
di scl osed; hy-4he present [imtation. [0061] The ionic conpounds
(b-2) may be used singly, or two or nore kinds may be used in conbination.

RY
ﬁe waéth

|

F%E - e [5]

[0051]

In the formula, R* is, for example, H", carbenium cation,
oxonium cation, ammonium caticn, phosphonium cation,
cycloheptyltrienyl cation or ferrocenium cation having a

10 transition metal; and Rf to Rinmy'be the same as or different
from each other and are each an organic group, preferably an
aryl group.

Examples of the carbenium cation include tri-substituted
carbenium cations such as triphenylcarbenium cation,

15 tris{methylphenyl)carbenium cation and
tris(dimethylphenyl)carbenium cation.
f0052]

Examples of the ammonium cation include trialkylammonium

cations such as trimethylammonium cation, triethylammonium
20 cation, tri(n-propyl)ammonium cation, triisopropylammonium

cation, tri(n-butyl)ammonium cation and triisobutylammonium



5[ 0062] [ Organoal um num conpound (b-3)] Exanpl es of the

or ganoal um num conpound (b-3) that forns the ol efin polynerization catal yst
i ncl ude organoal um num conpounds représented by the foll owi ng general
formula [7] and 10 al kyl conpl ex conpounds containing a Goup 1 netal and
al um num represented by the foll ow ng general fornmula [8]. [0063]

Or ganoal um num conpounds represented by: RamAl (ORb) nHpXq.-.[7] 15wherein Ra
and Rb may be the sanme as or different fromeach other and are each a

hydr ocar st igrroup haW. dlg diallgyisngddribcmmat ons caprieher abl ystcho 4 c@s bon
atons; X is a halogen atom 0<nB; 0 ; Op<3; 0-<g<3; and mtn+p+q = 3. [0064]
20Speci f ire, Fexainpd gy ofn iSluehi wwonpatiids , i NE| Nd@iethylanitthfamal &yt et um nuns
such as trimethylalum num triethylalum num tri(n-butyl)al um num

tri(n-hexydd al um ngnmyapdst &l fonoehyt A MR DYAY um  cation; and
br anched- chai ntri al kyl al um nunssuchas” 36
tr'iSOp”HEQfﬂ?ﬁgﬂ%gﬂﬁdﬂiéﬁ%&gﬁgagthng@ diisopropylammonium cation
5 and dicyclohexylammonium cation.
{0053}

Examples of the phosphonium cation inciude
triarylphosphonium cations such as triphenylphosphonium
cation, tris (methylphenyl)phosphonium cation and

10 tris{dimethylphenyl)phosphonium cation.
[0054]

Of the above, R* is preferably carbenium cation or
ammonium cation; particularly preferably triphenylcarbenium
cation, N,N-dimethylanilinium cation or N,N-diethylanilinium

15 cation.
{0055}

Specific  examples of carbenium  salts include
triphenyicarbenium tetraphenylborate, triphenylcarbenium
tetrakis{pentafluorophenyl}borate, triphenylicarbenium

20 tetrakis(3,5-ditrifluocromethylphenyl}borate,
tris{4-methylphenyl)carbenium
tetrakis (pentafluorcphenyl)borate and
tris{3,5-dimethylphenyl)carbenium

tetrakis (pentafluorophenyl)borate.



tri(sec-butyl)alumnumtri(tert-butyl)alum num tri(2-nmethylbutyl)al um num
tri(3-nmethyl hexyl)alum num and tri (2-ethyl hexyl)al um num
5tricycl oal kyl al um nuns such as tricyé}ohexyl al um num and
tricyclooctylalum num triarylalum nuns such as triphenyl al um numand
tritolylalum num dial kyl al um numhydri dessuchas | o

di i sopropyl al um nunmhydri de and dii sobutyl al um numhydri de;

al kenyl al um nunssuchast hoser epr esent edbyt hegeneral fornmul a:

(i - CAH9) ,[AIopEC5H10) z (wherein x, y and z are each a positive nunber, and
z2x) wth exanpl es including isoprenylalum num 15al kyl al um num al koxi des

such as i sobut gkahprieaust mRinoxidesandsi SedLtaé al rid1num -ehdimd deiteq
di al kyl al um num al koxi des such as di net hyl al um num net hoxi de,

di et hyl alufopyRmet hoxd de-and dipubyh ah vl ey buhoxjde; 20alkky! al wgpum
sesqui al koxi des such as ethyl al um num sesqui et hoxi de and butyl al um num

sesqui bu ihde; tially al koxyl ated al kyl al um nuns such as those
havi ng aﬁgé&gsgggmggﬁ%%éﬁ%ﬂg%'represented by | e-2.5A1(0R110. 5;

alkylgluqb%%@HaryIOX|des such as di et hyl al um num

Specific examples of the trialkyl-substituted ammcenium
galts include triethylammoniumtetraphenylborate,
tripropylammoniumtetraphenylborate,
tri(n-butyl)ammoniumtetraphenylborate,

10 trimethylammoniumtetrakis {p-tolyl)borate,
trimethylammoniumtetrakis (o-tolyl)borate,
tri{n-butyl)ammoniumtetrakis (pentafluorophenyl)borate,
triethylammoniumtetrakis (pentafluorophenyl)borate,
tripropylammoniumtetrakis (pentafliuorophenyl)borate,

15 tripropylammoniumtetrakis (2, 4-dimethylphenyl)borate,
tri(n-butyl)ammoniumtetrakis (3, 5-dimethylphenyl)borate,
tri(n-butyl)ammoniumtetrakis (4-trifluoromethylphenyl)borate,
tri{n-butyl)ammoniumtetrakis (3,5~-ditrifluoromethylphenyl)bo
rate, tri(n-butyl)ammoniumtetrakis (o-tolyl)borate,

20 dicctadecylmethylammoniumtetraphenylborate,
dioctadecylmethylammoniumtetrakis (p-tolyl)borate,
dioctadecylmethylammoniumtetrakis (o-tolyl) borate,
dioctadecylmethylammoniumtetrakis (pentafluorophenyl)borate,

dioctadecylmethylammoniumtetrakis (2, 4-dimethylphenyl)borate,



37 phenoxi deand di et hyl al um nun( 2, 6-di -t-butyl-4-net hyl phenoxi de) ;

di al kyl al um num hal i des such as di net hyl al um num chl ori de, diethyl al um num
chl oride, dibutylal um num chloride, dié€thylal um num brom de and

di i sobut yl al um num chl ori de; al kyl al um num sesqui hal i des such as

et hyl al um num sesqui chl ori de, butyl al um num sesqui chl ori de and

et hyl al um num sesqui brom de; partially hal ogenated al kyl al um nunssuch as 10
al kyl al um num di hal i des i ncl udi ng et hyl al um num di chl ori de; di al kyl al um num
hydr i des &iustt ek i letdhial ammomimatnedrriztel salrkd 5H d sy e Nuso daedy i de;
partially hydrogenated al kyl al um nuns such as al kyl al um num di hydri des

i ncl udi @ ietdwe el dyminn e e iden £ vand Soropy ad 1 i i yshid der ) rand
partially alkoxylated and hal ogenat ed al kyl al um nunms such "as et hyl al unm num

et hoxychlgidyde, butylal um num butoxychl oride and ethyl al um num
et hoxybrom de.” [ 0065] 20Al kyl conpl ex conpounds containing a Goup 1 netal

aLeF2?npﬁEOé%ﬁ9Eé%%§e€H%iéﬁdgﬁ#gi|%§z? y Sggr q%: AlR%%ﬁq%} Fb 15
carbog a%fw%o ggg(gggﬂé&é%éééé%f%%g%%}fgﬁ%g%zmé0066]
[0058]
Specific examples of the N,N-dialkylanilinium salts
include
N,N-dimethylaniliniumtetraphenylborate,

10 N,N-dimethylaniliniumtetrakis (pentafluorophenyl)borate,
N,N-dimethylaniliniumtetrakis (3,5-ditrifluoromethylphenyl)b
orate, N,N-diethylaniliniumtetraphenylborate,
N,N-diethylaniliniumtetrakis (pentafiuorophenyl)borate,
N,N-diethylaniliniumtetrakis(3,5-ditrifluoromethylphenyl)bo

15 rate, N,N-2,4,6-pentamethylaniliniumtetraphenylborate and
N,N-2,4,6-pentamethylaniliniumtetrakis (pentafluocrophenyl)bo
rate.

[0059]
Specific examples of the dialkylammonium salts include

20 di({l-propyl)ammoniumtetrakis (pentafluocrcphenyl)borate and
dicyclohexylammoniumtetraphenylborate.

[0060]

Furthermore, ionic compounds disclosed by the present

applicant (JP~A-2004-51676) are employable without



Exanpl es of such compounds include Li Al (C21104 and Li Al (C7P15 ) 4
5Conpounds anal ogous to the conpound represented by the general formula [38]

are al so enpl oyabl e.
conmpounds wherein two or

[ 0067]

Exanpl es of such3Eonpounds i ncl ude or ganoal um num
nmor e al um num conpounds are bonded via a nitrogen

atom such as (C2H5) 2A1N (C21-i15) Al (C2H5) 2 10[ 0068] In terns of
easy availability, as the organoal um num conpound (b-3), triethylalum num
tr'isobutylalumnum tri(n-octyl)alum num and diisobutyl al um nunmhydri de are

pr ef er abl yinused. ickb] 0069]

The or ganoal um num conpounds (b-3) may be

used singly, or two or nore kinds may be used in conbination. [0070] The
ol efin polyger)i zati on catal yst used in the present 20 invention may further

conprise a carrier (C) as required,

together with the transition netal

conpound (A) arg *ﬂ%n%géaﬁﬁgﬁﬁﬁlsi e COMEUNG, L B)sed Qj%gylrlai,cawéx% dO1 39

The carrier (C) use _
compound 1 I Re {0 fiﬂaﬁl rapu ar, or, L e
i nor gani ¢ conpounds | icl"ude "por ous OXI U

niner%Is ﬁ?

10

15

20

in the present 1 nvention Is an In

6%2]
[Organcaluminum compound (b-3)]

Examples of the organoaluminum compound {(b-3) that forms
the olefin polymerization catalyst include organcaluminum
compounds represented by the fellowing general formula [7] and
alkyl complex compounds containing a Group 1 metal and aluminum
represented by the following general formula [8].

{0063]
Crgancaluminum compounds represented by:
R*AL (OR®) JHyXq - * [7]

wherein R* and R® may be the same as or different from each
other and are each a hydrocarbon group having 1 to 15 carbon
atoms, preferably 1 to 4 carbonatoms; X is a halogenatom; 0<m<3;
05n<3; 0sp<3; 0=¢g<3; and m+n+p+g = 3.

[0064]

Specific examples of such compounds include:

tri(n-alkyl)aluminums such as trimethylaluminum,
triethylaluminum, tri(n-butyl)aluminum, tri(n-hexyl)aluminum
and tri(n-octyl)aluminum;

branched-chain trialkylaluminums such as

anic or organic
neaﬂgrticulate solid. Preferred

LOTIl. . .
es, inorganic chlorides, clays, clay



5 ion-exchange | ayered conpounds. [0072] Exanpl es of the porous

oxi des include Si02, Al 203, MO, zZrO Ti 02, 5203, CaO ZnO, Ba0O, Th02, and
conposites or mixtures containing thesé oxides, such as natural or
synthetic zeolite, 10 Si02-w0, Si02-Al 203, Si02-Ti02, 3i02-V205,

Si 02-Cr203 and Si 02-Ti 02-Mj0. O these, oxides containing 51.02 and/or

Al 203 as a nmi n conponent are preferable. The porous oxi des have different
properties depending on the types and preparation processes. The carrier
pr ef er abliyr usetbriopytledipriesent 15 i nventi on has warpbsdiet el aiwanetan, of 10
to 300 pm preferably 20 to 200 pm a specific surface area of 50 to 1,000

nR/ g, prefef addy-hOG1RIAG0®,9, and a por & Vo e Abudy B) 4 Durdi QurenB/ g | f
necessary, the carrier may be calcined at 100 to 1, 000C, preferably at 150

to 700C prior; Lo use. A3 -ﬁgpg r ic chlorides
i ncl ude ﬁ/fgcfigz n%gEr 2,b &%%lglr%ml\l/lhmlir ZtQT e |éral%k? a%%%?}é %Lrlrlg%gérgrmat)}kcge used

as they . Dr be used after pulverized with, for exanple, a ball mll
or a vibﬁé:%Bn?#gﬁihﬁ%%ﬁfﬁ%¥%ﬂﬁf%’chlorides maybe used 40 after they are

di ssolved in a solvent such as al cohol and precipjtated as fine particles
with d precipi tHING 182Gty L 0072 eS¢ Ay 8 Suslddl § 3 T Pleepr st iy ent i on
ar e, usuah%i, 5 mainly conposed of clay minerals. The ion-exchange | ayered
conpoundiised rilgYcheoptyd @Atmiipuanit i on have crystal structures in which
pl anes formed by ionic bonding or the |ike are stacked by weak bond energy
in parall el andmentydieduexchanrgeabhehi oas. MeSipohedg) aturgmalhs ar eand
i on-exchange | ayered conpounds. The
tritolyialuminum;
dialkylaluminumhydrides such as
10 diisopropylaluminumhydride and diisobutylaluminumhydride;
alkenylaluminums such as those represented by the general
formula: (i-CiHs) Al,(C:Hyy), (wherein x, vy and z are each a
positive number, and z<2x) with examples including
isoprenylaluminum;
15 alkylaluminum alkoxides such as isobutylaluminum
methoxide and isobutylaluminum ethoxide;
dialkylaluminum alkoxides such as dimethylaluminum
methoxide, diethylaluminum ethoxide and dibutylaluminum
butoxide;
20 alkylaluminum sesquialkoxides such as ethylaluminum
sesquiethoxide and butylaluminum sesquibutoxide;
partially alkoxylated alkylaluminums such as those

having an average composition represented by R*; Al (OR®); s;

alkylaluminum aryloxides such as diethylaluminum



10 clays, the clay mnerals and the ion-exchange | ayered conpounds that are
enpl oyable are not limted to natural conpounds but include synthetic
products. Further exanples of such clays, clay minerals and ion-exchange

| ayer ed conpounds include clays, clay mnerals and ion crystalline
conpounds having layered is crystal structures such as hexagonal cl osest
packi ng structure, antinony structure, CdCl2 structure and Cdl 2 structure.
Exanpl es of the clays and the clay mnerals include kaolin, bentonite,

ki bushi @lr@noxjalea ome cl ay, all ophane, hisingerite, pyrophyllite,amica,
nmontnorillonite, vermculite, chlorite, 20 pal ygorskite, kaolinite,
nacrite, diietkistlesland rhal(29¥sidie.t -Bal-as-reft HieHamextdange | ayer ed
conmpounds include crystalline acidic salts of polyvalent nmetals such as

a- Zr (HA504) 2. H30 518260 HROMA a1l {dR04) 208120 o sa- Ta {ROR) 241 urfithum

chloride, diethylaluminum chloride, dibutylaluminum chloride,
5 diethylaluminum bromide and diisobutylaluminum chloride;
alkylaluminum sesguihalides such as ethylaluminum
sesqguichloride, butylaluminum sesquichloride and
ethylaluminum sesguibromide;
partially halogenated alkylaluminums such as
10 alkylaluminum dihalides including ethylaluminum dichloride;
dialkylaluminum hydrides such as diethylaluminum hydride
and diisobutylaluminum hydride;
partially hydrogenated alkylaluminums such as
alkyiainminum dihydrides including ethylaluminum dihydride
15 and preopylaluminum dihydride; and
partially alkoxylated and halcgenated alkylaluminums
such as ethylaluminum ethoxychloride, butylaluminum
butoxychloride and ethylaluminum ethoxybromide.
[0065]
20 Alkyl complex compounds containing a Group 1 metal of the
periodic table and aluminum, represented by:
M°ALR™, -+~ [8]
wherein M° is Li, Na or K; and R* is a hydrocarbon group

having 1 to 15 carbon atoms, preferably 1 to 4 carbon atoms.



y-Ti (NHAPO4) 2' 1420. It is also preferable that the clays and the clay

m nerals used in the present invention are subjected to chem cal
treatments. As chenmical treatnents, féf exanple, a surface treatment to
remove inpurities adhered on the surface 5 and a treatnent to affect the
crystal structure of the clay are enployable. Specific exanples of such
chem cal treatnents include acid treatnent, alkali treatnent, salt
treatment and organi c substance treatnent. [0075] 10The ion-exchange

| ayer ed dé®sdinds used in the present invention, by utilizing ion exchange
properties and exchangi ng exchangeabl e i ons between |ayers with other

| arger and bul kixempiless, ofaysh t kesedumdsngienliangedrint ecl@ayer st ance.
The bul ky ions play a pillar-like roll to support the |ayered 15 structure
and are gg@@r@jh¥ ygal l'ed pillars. The introduction of other substances into
bet ween | ayers of the | ayered conpounds is called intercal ati on. Exanpl es
of guest %%%qunds to be intercal ated include cationic inorganic conpounds
such as Ti and ZrCl4; nmetal al koxides such as Ti(OR)4, Zr(OR) 4, PQ OR) 3
and 20 B(OR)3 (Ris a hydro;arbon group_or the |i and ne dr oxi de
ons Such ax [ RETSOHTER AR ouparatochhe oT B u & SR bR He]
These conpounds may be used singly, or two or nore kinds may be used in
conbi nat i96MerfHe o1l B ohrof 2Lifesemepysinas nﬂ?ﬁaﬁ@l@ﬁ Kifedusit in the
presence of polyners 42 obtained by hydrolysis of netal al koxides such as
Si (OR) 4, cAnPORyBsandc Bed OR R A Isima rhyw cowppnd sgeinempe on tweot inke)e or in
the presence of colloidal inorganic conpounds such as Si02. Exanples of the
pillars ancmicenoxcesupdedudced diynded ntier ealmati-oyreef dun,abave gt al
hydroxi de ions into between |ayers followed by thermal dehydration. O

t hese, th@bﬁégyquQgHgﬁﬁlpéﬁg nerals are preferable; and nmontnorillonite,
vermculite, pectolite, taenlo ite and synthetic mca are particularly
prefggabhg 6%3[0076] Exanpl es of the organi c conpounds as the
carrier (O cl ude granul ar or fine particulate solids having a particle
di aneter of 10 _to 300 1.1 Specific¢ exa | es of such conpounds i nclude
(co) pol yners pr8diéedd by sy a2 6fetaPhs FEV|ﬁ§ 55€0 oBgAP A at oms
such as et hyl ene, propylene 1-butene and 4-nethyl -1 -pentene as anain
conponenﬂ?@ﬁ%ﬁﬁb ers) prod@@éiﬂﬁﬂ%ﬁﬁ$&ﬁwmnyldy@%ﬂﬂﬁuﬁﬁiaﬁum%ww%ne as a
mai n conponent ; and nodi fied products of these (co)polyners. [0077] 20The
carri er s @) {(rmedier ilsedirsimgl vy, and t whi bsolbor el &kl wdsnunhydride are

preferably used.
15 [0069]
The organoaluminum compounds (b-3) may be used singly,
or two or more kindg may be used in combination.
[0070]
The olefin polymerization catalyst used in the present
20 invention may further comprise a carrier (C) as reguired,
together with the transition metal compound (A) and the
organometailic compound (B).
[0071]

[Carrier {(C)]



may be used in conbination. [0078] The olefin polynerization catalyst used
in the present 43 together with the transition netal conpound (A) and the
organonetal | i ¢ conpound conponent (B)3%and the carrier (C) used as an
optional component. [0079] 5[ Organic conpound (D)] The organic
conpound (D) used in the present invention is optionally used to inprove
pol yneri zati on performance and properties of the obtainable polyners.
Exanpl es of such organi c conpounds include, but are not limted to,

al cohol s, | o pMéweoldarcorpoldsysedr hoxylie meédsnphaspharisaongoundsand
sul fonat es. [0080] The organi c conmpounds (D) may be used singly, or

two or minedgaids @yobgaﬁiédcbrgp@@ﬂ@ii&@tﬂl'@-fo]rﬁ{ 0683tanular ot ine
pol ymeri zation, the usage neth and the order of addition of the above

COMponent s, A1se. Alfid r 8hk Seéfééeeldr%@xtz%' 300! BOfiSahes Ol e hel ow

(1) The transition netal conpound ( al one™i s added a p ynerlzatlon
react or The transitio

organone§§1Iﬁ“gégﬁpouﬁdleﬁfggpéca glar% e§ p% ?ﬁ%rléﬁ%Ydﬁl?%%%}%ﬁﬂF% any

order. ,
5 ion-exchange layered compounds.

i0072]
Examples of the porous oxides include Si0;, Al.0;, MgO,
Zr0, TiO;, B;0;, Cal, ZnO, BaO, ThO;, and composites or mixtures
containing these oxides, such as natural or synthetic zeolite,
i¢ $10,-MgO, 810,-21,0;, Si0;-Ti0,, $10,-V,;05, 8i0,-Cxr:0; and
S$i0,-Ti0,-Mg0. Of these, oxides containing 810, and/or A1.0; as
a maln component are preferable. The porous oxideg have
different properties depending on the types and preparation
processes. The carrier preferably used in the present
15 invention has a particle diameter of 10 to 300 um, preferably
20 to Z20C um, a specific surface area of S0 to 1,000 mz/g,
preferably 100 to 700 m°/g, and a pore volume of 0.3 to 3.0 cm’/qg.
If necessary, the carrier may be calcined at 100 to 1,000°C,
preferably at 150 to 700°C prior to use.
20 [c073]
Examples of the inorganic chlorides include MgCl,, MgBz,,
MnCl; and MnBr;. The inorganic chlorides may be used as they
are, or may be used after pulverized with, for example, a ball

mill or a vibration mill. The inorganic chlorides may be used



(3) A catalyst conponent in which the transition netal 44 conpound (A) is
supported on the carrier (C), and the organonetallic conpound (B) are added
to a polynerization reactor in any oréer. (4) A catal yst
conponent in which the organonetallic 5 conmpound (B) is supported on the
carrier (C, and the transition netal conmpound (A) are added to a

pol ynmeri zation reactor in any order. (5) A catalyst in which the
transition nmetal conpound (A) and the organonetallic conpound (B) are
support echfurert digararer diféQlvesd added doleepnl yunehi zat iadrohedcteaord [ 0082]
In the nethods (1) to (5), the organic conpound (D) may be added to a

pol ymer i zatd Gpireairag IT iRy Rhdalc]l @ Wik ke mddeit i« Rplaymrd zati on
reactor after contacted with at |east 15 one of the conponents (A) to (C.
In the metheds (2) to (5), two or nore of the catal yst components nmay be
contacted wth one anot her beforehand. [0083] In the nethods (4) and (5) in

whi ch the orgapgnetal |lic 20 .conpound_(B). i s support.ed, an unsu rted
organonet al | i cq‘glgnﬁgl?#& Edmsﬁgl %glea %ee)rfl:’eln?lc alnrgvpeonrt S a%x%’ediﬁ$a@3.y’l n this

case, the organonetallic corrdpounds, (B) may be the sane as or different from
each Bth@ﬁlq OS%F@Qﬁ?d of clay minerals. The ion-exchange lavered

compounds used in the present invention have crystal structures
in which planes formed by ionic bonding or the like are stacked
by weak bond energy in parallel and contain exchangeable ions.
Most clay minerals are ion-exchange layered compounds. The
10 clays, the clay minerals and the ion-exchange layered compounds
that are employable are not limited to natural compounds but
include synthetic products. Further examples of such clays,
clay minerals and ion-exchange layered compounds include clays,
clay minerals and ion crystalline compounds having layered
15 crystal structures such as hexagonal closest packing structure,
antimony structure, CdCl., structure and CdI. structure.
Examples of the clays and the clay minerals include kaolin,
bentonite, kibushi clay, gairome clay, allophane, hisingerite,
pyrophyllite, mica, montmorillonite, vermiculite, chlorite,
2¢ palygorskite, kaolinite, nacrite, dickite and halloysite.
Examples of the ion-exchange layvered compounds include
crystalline acidic salts of polyvalent metals such as
o-Zr (HAsO,) 2 H,0, o-2x (HPO4) o, o-Zr(KPQ4)-3H,0, o-Ti(HPC,).,

o~T1 (HAsO4) - H20, «-Sn(HPO4);-H0, yv-2Z1 (HPOs):, v-Ti(HPO,), and



The solid catal yst conponent wherein the transition netal conpound (A)

al one is supported on the conponent (C), or the solid catal yst conponent
wherein the transition nmetal conpound4{A) and the organonetal |ic conmpound
(B) are supported on the conponent (C) may be prepol ynerized with an
olefin. Further, an additional catalyst conponent may be supported on the
prepol yneri zed solid catal yst conponent. [0085] In the olefin polyner
production process according to the 10 present invention, in the presence
of the abpvel aimbbn) pat,pner izatd ensat@leminaiee ohaki ﬂH@\dl@gﬁ; and the

t ol Ccar bonat ons and et hyl ene are polynerized to give an a-ol efin polyner.

[0086] <a-wdefiistra rboExanRles otha- ghekins Wéﬁelént 9+d0g \g@i@@%&tm

enpl oyabl e i'n the present invention include propyl ene, ene, 1-pentene,

1-hexene, #eﬂ%ler&%ej%m%%e%ﬁe’ A% Q Qﬁﬂgagltf%g? %nt thyelaxamp et,ene

3- et hyl - entene ene ehteﬁ%

4- met hyl - 1- hexen 1 hexene, dlnethyl pent ene,

4-ethyl - 12 .%%%&%%aﬁatélegﬁ"gﬁ TR iRt S NG aOB) e |5 FARA ng 3 to
8 carbon atons are preferable; the a-olefins having 3 to 6 carbon atons are
more Br efEKhBl B SAHIR Y disy PéRBCT ILuCaNe tal- REXBAEUARME tinst AYRY [agsent ene
are particularly preferable. [0087] These a-olefins having 3 to 10
carbon atammsiay@pblse ushbsiigl yexamplew of sorée kilrds amy thesatsechtn

conbi nation. The a-olef ins may be selected appropriately so that the

obt ai nablimd&B. ekl week wrkbhchave deskeed prepenthes. sFof exsimh&t they a- ol ef
ins may be sel ected appropriately so that the polynmer and a m xture

contalm|Ek#§ﬁadnydﬁgyéﬁ@éItﬂggg%ékgnred properties after vul canization.
[ 0088] 10 roducti on process of olefin polynmer> The present

inventiondq% ¥.1be carried out by |iquid-phase polynerization such as
sol ution % yreri zati on or suspension polynerization, or by gas-phase

ol nerlzatlon 008
poly [e Qon] exchange layered compounds used in the present

invention, by utilizing ion exchange properties and exchanging
exchangeable ions between layers with other larger and bulkier
ions, may be those having enlarged interlayer distance. The
bulky ions play a pillar-like roll to support the lavered
15 structure and are generally called pillars. The introduction
of other substances into between layers of the layered compounds
is calied intercalation. Examples of guest compounds to be
intercalated include cationic inorganic compounds such as TiCl,
and ZrCl;; metal alkoxides such as Ti (OR)4, Zr(OR)., PO(OR); and
20 B(OR): (R is a hydrocarbon group or the like); and metal
hydroxide ions such as [A1130,{0H).]7", [Zr.(0H)..1% and
[Fe;0(0COCH;)4]". These compounds may be used singly, or two
or more kinds may be used in combination. The intercalation

of these compounds may be carried out in the presence of polymers



15Speci fic exanples of an inert hydrocarbon nedium (inert hydrocarbon

sol vent) used in the liquid-phase polynerization include aliphatic

hydr ocar bons such as propane, butane, 4pentane, hexane, heptane, octane,
decane, dodecane, ethylene chloride, dichloronethane and kerosi ne;
alicyclic hydrocarbons such as 20 cycl opentane, cycl ohexane and

nmet hyl cycl opent ane; aromati ¢ hydrocarbons such as benzene, tol uene,

chl orobenzene and xyl ene; and m xtures thereof. The a-olefin itself maybe
used as s ivent .bif M08olvgis of methhd edkowimgsouwtudd edis nspodbyneri zati on
using the olefin polynerization catal yst descri bed above, the transition

net al conuowrd ,(4ndice ganer akl ys us ad et det t i%ﬂwnthéhﬂ@@)f der liter
(6]

of the reaction volunme is in the range of 10-8 5 and

preferabhxikg Sﬁ£ﬁ éﬁ colhgggéh 1nor??%l§ ?iﬁ_ @%QQLQFQEO$¥DC0np0und

(o-1) is use nmolar ratio ative to

transiti net-al e _transition netal conpoun usual |y
in 10 thgxra leesof ?ng g%topéé 260, “PIErEabl §*09%30 SPF(? Edoog’ The

ionic conpound (b-2) is used such that the polar ratio [(b-2)/M of the

i oni ¢ conpButEA 2Pt ofalher RBOYPaRSFRT dby et dat HFRS (WES Patieen
transition netal conmpound (A) is usually in the range of 0 . 01 to 50, 000
, preferadive® fodzdowed2by 0bermaThdebygaababuni nin UBesonpod(Es<8) is
used such that the nolar ratio [(b-3)/M of the alum numatons in the

or ganoal wrduhe orpoyndifdrd) st aral breliertbassi tineh meitalcatareni(dd, i n the
transition netal conmpound (A) is usually in the range of 0.01 to 5,000, and

pref er ablye6hit® 1@ 2, Gt 20{ 8992} seniolitdh@ e npen ehdif €~ ofithe Qlefin

pol ymeri zati on usi ng such an olefin polynerization catalyst is usually in
t he rang q& heferably +25 to +170C, nore preferably +30 to
+150C. T gipo ynerlzégggﬁxggﬁberature whi ch varies 48

10 [0076]
Examples of the organic compounds as the carrier (C)
include granular or fine particulate solids having a particle
diameter of 10 to 300 um. Specific examples of such compounds

include (co)polymers produced by using a-olefins having 2 to

15 14 carbon atoms such as ethylene, propylene, 1l-butene and
4-methyl-l1-pentene as a main component; (co}polymers produced
by using vinylcyclohexane or styrene as a main component; and
modified products of these (co)polymers.

[0077]

20 The carriers (C} may be used singly, or two or more kinds

may be used in combination.
[0078]
The olefin polymerization catalyst used in the present

invention may further comprise an organic compound (D),



dependi ng on the nol ecul ar wei ght of the obtainable a-olefin polynmer and
pol yneri zation activity of the olefin polynerization catalyst, is
preferably +30C or higher in view of pBoductivity. 5[0093] The

pol yneri zation pressure is usually from atnospheric pressure to 10 MPa
gauge pressure, and preferably from atnospheric pressure to 5 MPa gauge
pressure. The pol ynerization reaction may be carried out batchw se, 10

sem -conti nuously or continuously. The polynerization may be carried out in
two or nuregestiegeswinderchdi f teseaitieactrieasicondinbbans. (H094hdThee

nol ecul ar wei ght of the obtainable olefin polyners 15 may be controlled by
use of hydrpgemduriting RAMBIAZ atbRPosyst enBPr BngadiHestdng-tde ,
polynerlzatlon temperature. Waen hydrogen i s added, the amount thereof is
pref erabl ) 0 on 1 kg of the ol efin. The nol ecul ar
wei ght of t talng%?égb%égfﬁl pol'ynmers may be controlled al so by 20
changi ng &ﬂ) %nnunt of the conponent (B). At this tine,

speci fi cexa ﬁ%ﬂesoftheconponent(B)include triisobutylal um num

met hyl al umi noxane and dieth zinc. [0095] 49 invention is characterized
by |i fi t i ¥Faaie CetIRpRGE ¢ %Hlng anount in the pol ynerization reaction
systemto be a specific amount. This is described as follows. Wen an

a-ol efi n havi nghg rogabicacboporndn¥Di sufed as whgasyestmy | enesrancrt he
a-olefin 5 having 3 to 10 carbon atons each may be fed into a

pol ymer i zaf icpit ieadtigr usedt t8UDHSHYve oo IPye Bez i edoh NbOr BopRdyF@rdzat i on
reactor intermttently. Provided that the nolar anpunts of ethylene and an

a- ol ef i n fydig 12 d 0040 cpar hos 21,0051 4 hab1akeLed idtons SO yrerd zation
reactor are PE and Po, respectively, 10 and when a whole anount of ethyl ene

fed | i ght
et hyl eno Temi g SSABSREEy EBIHER AP 305 HE e e Fhioe Y o
sent invention is characterized

PE/ Po in the I quid. Inthis c t he pr
by safi sBATH C?@?%??%ﬁsﬁﬁf Q¥%kﬁﬁ%£ B: @ﬁ?sgﬂPq?ﬁ@OQQOFﬁ@Sﬁ¥QEH|o is

wWithin this ran ethylene may be arbitrarily used. The ratio is
preferam%Fyﬁ -P00. 020, nore preferably 0.001PE/ P00. 010, nobst
preferably 0.0015 PE/ P00. 005.

[0080]

The organic compounds (D) may be used singly, or two or

more kinds may be usged in combination.
i5 [0081]

In polymerization, the usage method and the order of
addition of the above components are arbitrarily selected.
Exemplary methods are given below.

(1) The transition metal compound (A) alone is added to

20 a polymerization reactor.

(2) The transition metal compound (&) and the
organcmetallic compound {B) are added to a polymerization
reactor in any oxder.

(3} A catalyst component in which the transition metal



[ 0096] On the other hand, when an a-olefin having 3 to 10 carbon 20 atons
is fed as a liquid, provided that the nolar anmounts of ethylene and an
a-olefin having 3 to 10 carbon atons that are fed into a pol ynerization
reactor are PE and Po, respectively, and when ethylene fed is assuned to be
di ssolved in the a-olefin having 3 to 10 carbon atons, the present
invention defines the 50 nolar ratio PEfPo in the liquid. In this case,
the present invention is characterized by satisfying the rel ationshi p:

0. 001519K/dQR0:1:080.(2As 1 ONG:1@FPHded abin0 tBeW ddii d:hi S Adyanggndetdnd ene may
be arbitrarily used. The ratio is preferably 50. 001PE/ P0O50. 020, nore

pr ef er ablag- Qdex HH ROS0- B Gand0SE) PlGlLT By g 0&80%5$$%€e:99§ati&997]

I'n the ol efin polymer production process of the prese ention, a trace
anount Q&éﬁéﬁ@fﬂa i £ ﬁxgﬁgggjzed to such 10 a degree as to inprove
pol ymeri zation activit'y and dll ow the a-ol efin polyner to have increased

nol ecul ar wei ght .. Thereb a syndiotacti¢ a-olefin_polymer having high
mel ting point cdn e %?%%ﬁ@@ﬂ. FEPHRFET ohBd ER6Ye FHh UGPSR Htene

catal ysts for the polynerization of propylene, the presence of 15 a do ant
cat al st sPEIEr! Wit i Heropypehed 2 thasssiionr (§) kriswh thei tkeasieidm t he
pol yneri zation of a-olef ins having 3 to 10 carbon atons, too, the presence
of a si mnlearaldopcmpptindatz)l pst spéed e Bspqlwsembbd el otletes,c tald om gy
et hyl ene in an anount defined above to nake reaction is considered to be
abl e order.
(5) A catalyst in which the transition metal compound (A}
and the crganometallic compound (B) are supported on the carrier
10 (C) is added to a peolymerization reactor.
f00821]
In the methceds (1) to (5), the organic compound (D) may
be added to a polymerization reactor in any order, or may be
added to a poelymerization reactoxr after contacted with at least
15 one of the components {(A) to (C). In the methods (2} to (5),
two or more of the catalyst components may be contacted with
one another beforehand.
[0083]
In the methods (4) and (5) in which the organometallic
20 compound (B) is supported, an unsupported organometallic
compound (B) may be added in any order asg required. 1In this
cagse, the organometallic compounds (B} may be the same as or

different from each other.

[0084]



20 to reactivate the dormant catal yst species to thereby inprove the
activity, and noreover prevent polyner chains frombeing elimnated from

t he catal yst species, thus enabling tésresune the dormant growth reaction
of the polynmer chains and consequently allowi ng the a-olefin polyner to
have increased 51 nol ecul ar weight. Surprisingly, it is characteristic that
the increased effect is nore significant in the production of the
syndiotactic a-olefin polynmer rather than in the production of the

i sotactic a-ol atienspbl g rarals0098jpcidef ivhepeliynElie transitioNexdsaol ef i n
pol ymers obt ai ned by the production process of the present invention are

descri bedombtgid ef)n aawmgssg}fa%}@kaga by the erggusthon(@yocesscf the
present invention have 10 the follow ng four characteristics.

[ Char act Qfdstd €aLh 108 O G Sndinl WIRLGANPAL SE5ASERULE) o dler ! ved

fromat |east one a-ole roma-olefins havin 0 car bon
atons and str ural_unit Y rived from.ethyl ene, and provided that the
content oft ﬁ@#%’%set Pﬁgé&PQFtagﬁﬁchPﬁpPH‘é‘dpé%n%Fei EUQP?%E)?% CRnd'& he
content of the structural unit Y in the polynmer is y (mi% , the polyner
sati sPi eCOMPPIENY (69 9ay 108 BEEPOL vAKRE H@8AE TGN pRePéribly FuWpthex.1 and
x+y=100; nore preferably 98 . 1.3,? y >L0.1 and x+y=100; nost preferably
08. 85. 99.81 2addandoxay =B061vEhe whwafdrepol yapr gy osupedrbydt be prieduct i on
process of the present invention, in spite of containing a trace anmount of
the unit mempaladhdriondetdyl ehea vmivitaidsngbrgdhd acem ¢ diad fraction and
hi gh nelting point, and has increased nol ecular weight. If the ethyl ene
content yigokdywre than the

In the olefin polymer production process according to the

10  present invention, in the presence of the above olefin
polymerization catalyst, anw-olefin having 3 to 10 carbon atoms
and ethylene are polymerized to give an «-olefin polymer,
[0086]
<g-olefinx

15 Examples of o-olefins having 3 to 10 carbon atoms
employable in the present invention include propylene, 1-butene,
l-pentene, l-hexene, l-heptene, l-octene, l-ncnene, l-decens,
3-methyl-l-butene, 3-methyl-l-pentene, 4-methyl-1-pentene,
3-ethyl-~1l-pentene, 4-methyl-1-hexene, 4,4-dimethyl-1-hexene,

20 4,4-dimethyl-l-pentene, 4-ethyl-1-hexene and
3-ethyl-i-hexene. Of these, the a-olefing having 3 to 8 carbon
atoms are preferable; the a-clefins having 3 to 6 carbon atoms
are more preferable; and propvlene, 1l-butene, 1-hexene and

4-methyl-1l-pentene are particularly preferable.



52 range defined above, the olefin polyner has | owered nelting point and
noreover | owered crystallization tenperature (Tc), and thus nay have
deteriorated nol ding processability. k&haracteristic 211The racem ¢ di ad
fraction ([r]) as 5 neasured by 13C-NVR is 9096-5 [r]<100% preferably
95% [r] <100% nore preferably 97965.[r] c10096, nost preferably
9896[ r] <10096. The ol efin pol yner produced by the production process of the
present invention has high racem c diad fraction, and therefore, the olefin
pol yner, jgpsgpite of containing a trace ambunt of |o the unit derived from
et hyl ene, maintains high nelting point. [Characteristic 3] The intrinsic

viscosity ([ nj S I 135C i.n calin is 0.70 dl/g or nore,
preferably 0. 7§%Is%gag§%%ﬁ'§,g %%}T:én rcbéftecargb 73556 BEFBSO‘F‘aH%P%,u%?ont
preferably 0..85 dl/g or nore. The ol efin.pol r .havi ng. high 15 mpl ecul ar
wei ght isglélﬁplQrCt && %q*"d"’sﬁ’éwm%%dﬂs?‘fseﬁ‘b%yh o e aPnao‘@g%%gé%r i’
[Characteristic 4] The nelting point (Tnm) as determ ned by differential
scanni ng & lehins npy(ipsee lies tegsarpront ghbe Ly preftéegbt e Tfttiz@blror e
preferably Tm |49C, nost preferably 20 Tnfl 51C. The ol efin pol ynmer produced
by thé prsduttitonvptdcdwsyeof dehdrpegumpdriviens i on,Fdm spatnplef ddmnt ai ni ng
a trace anount of the unit derived fromethylene, maintains high racemc

di ad fracticarrang hgh veldd ngqe ropapthaslipndgeased mleqddmarei ght .

[ 0099] The ol efin polyner of the present invention, in spite of
contai ni Rgh@ hr aescmddinteBf ke reni thderdyednd F omiathyl epe, 4@ty ns high
racem c diad fraction and high nelting point, s and has high nol ecul ar

wei ght . .S, .S : i o the syndiotacticity of the a-olefin
sequenceyy%élﬁg%k%nno%mﬁrﬁg?&]%ha%qsz%ﬁ?oo ‘acticity can adopt plural
energetically-stabilized crystal structures including helical structure and
pl anar zi@fgé]structure and 10 reversible phase transition being possible
bet ween sone of these crystal structures. In the case of the isotactic

pol ypP opylFéeluctiens frigdaie s cdefilmated YByerel i cal structure in which
three nol ecul es of propylene are present per turn of the helix, and thus,

t he i ncl usi on Theopsaehnstiusiniriemmhayhee icaumidd deti ved ifquom -gtHagdeene even
in a trace amount greatly affects the constituent crystal structure,
andconseguantdeytie tiset atichc apokyPlOPyh RE1 11888524 01 haver & p=eéddrel ting
point. On the other hand, in the case of the syndiotactic polypropyl ene,
the infl ypnemead Aha i lorden) vad famethyheang o e crystal 20 structure
is presumed to be minimzed by the plural energeti ceﬁ | y-stabilized crystal
structur e[%oe%ﬁd consequently the syndiotactic pol ypropylene hardly has a

| owered nmelting point. Since simlar effect is seen also in a syndiotactic

a-ol efin pol r other than the syndiotactic propylene, this
15 P yn%pecx?%c examp&es o%’an.gnert hygroggrbon medium (inert

hydrocarbon sclvent) used in the liquid-phase polymerization
include aliphatic hydrocarbons such as propane, butane, pentane,
hexane, heptane, octane, decane, dodecane, ethylene chloride,
dichloromethane and kerosine; alicyclic hydrocarbons such ag

20 cyclopentane, cyclohexane and methylcyclopentane; aromatic
hydrocarbons such as benzene, toluene, chlorobenzene and
xylene; and mixtures thereof. The o-olefin itself may be used
as a solvent,

[co9cC]



54 phenonenon is considered to be characteristic to the syndiotactic

structure. Exanples 5[0100] Hereinafter, the present invention is
described nore specifically with refesence to exanpl es, but the present
invention is in no way limted by these exanples. First of all, nethods for

measuring properties of the olefin polymers 10 obtained by the production
process of the present invention are described. [0101] <Intrinsic viscosity
[ nl > The intrinsic viscosity is a value neasured at 135C in 15

decal i n. [0102[in<bMekiifiggpoei:atoldmn w3lahatiidzalbonusenpenat wie Aitc) ,
Amount of heat of fusion (6,1-1(Tm)> Wth regard to a 4-nethyl -1-pentene

pol yner, 41620 ifQldiM BE+aBoERtEOI: MBS PeHRIdTBdneA fhh L 8F 80t ihaly sScanni ng
cal ori meter 'manufactured by SII NanoTechnol ogy 1 nc.: EXSTAR 6000DSC was

enpl Oyed'colt%{b%%rndt f@ﬁ) std %@@e%%lﬂiytﬁg&?%u(:thQag%l% ré)moimt thereof pex

liter of the reaction volume is in the range of 107% to 107" mol,
5 and preferably 10°% to 107 mol.
[0081]

The organcaluminum oxy-compound (b-1} is used such that
the molar ratio {{(b-1)/M] relative to all the transition metal
atoms (M) in the transition metal compound (&) is usually in

10 therangeof 0.01t0 50,000, preferably 0.05t02,000. The ionic
compound (b-2) is used such that the molar ratio {(b-2)}/M] of
the ionic compound {(b-2) to all the transition metal atoms (M)
in the transition metal compound (A) is usually in the range
cf 0.01to50,000, preferably 0.05 to2,000. The organcaluminum

15 compound (b-3} is used such that the molar ratio [(b-3)/M] of
the aluminum atoms in the organcaluminum compound (b-3) to all
the transition metal atoms (M) in the transition metal compound
(A} is usually in the range of 0.01 to 5,000, and preferably
0.05% to 2,000.

20 [0Cc92]

The temperature of the olefin polymerization using such
an clefin polymerization catalyst is usually in the range of
+25 to +200°C, preferably +25 to +170°C, more preferably +30

to +150°C. The polymerization temperature, which varies



t he speci nen (about 5 ng) was heated to 270C at 100C/ m n and was hel d at
270C for 5 mnutes, and then the speci nen was cooled 55 to 00C at

-100C¢ m n and was held at OC for 5m n#g¢es, and heated to 270C at 100C/ mi n.
At this tinme, a top of a crystallization tenperature peak at the tinme of
cooling was defined as a crystallization tenperature (Tc). Atop of a
crystal nelting 5 peak at the tine of the second heating was defined as a
melting point (TmM. Froman integrated val ue of the peak, an anount of heat

of fusi oridpAtdim) onwagheahelbatiedr (198t M timd easrsh 1D B RIQPMERE
polymer, the followi ng 10 operation was performed. A differential scanning

cal ori metpyy AUt aghyr ed, byl 41 NanaJechneliagy dinc. o EXSTAR 6Q0 was
enpl oyed.ﬁUnder t he strcej%m}(r)r% n:iLtrogen (20 rrL/lrri}pn),ot he speci men (about 5

ng) was - m n | t ~230C .for 10 mi.nutes, and
t hen therﬁsa,dg1 Cl r#é%a\%ggﬁcg%i:égg%’t%s %5 f\égt%%-b?%cg?nanca%rd%\kgs “fetd "d"30C f or
5 m nutes, angﬁpeat.ed to 230C at 10C/mn. At this tine, a top of a

cryst al | iZat G ergerdture peak at the time of cooling was defined as a
crystallization tenperature (Tc). Atop of a crystal nmelting peak at the
tinme 8f tH®%dcond heating was 20 defined as a melting point (Tn). From an
i ntegrated val ue of the peak, an anount of heat of fusion (41-1(Tm) was
cal cul ated. [0TIb4]pdiytheregattiohaaealef i polpidy Dbtaiateddghdéanypl es
and 56 were observed, a top of a peak at the highest neltingpointside was

defined ag-exsgled ity 1p0MHa (@EHgeOhriheualef P YPnairad104 Glom
<Stereoregularity and Ethyl ene content>
atmospheric pressure to 5 MPa gauge pressure. The
polymerization reaction may be carried out batchwise,

10 semi-continuously or continuously. The polymerization may be
carried out in two or more stages under different reaction
conditions.

[0094]
The molecular weight of the obtainable clefin polymers

15 may be controlled by use of hydrogen in the polymerization
system or by adjusting the polymerization temperature. When
hydrogen is added, the amount thereof is preferably about 0.001
to 100 NL based on 1 kg of the olefin. The molecular weight
of the obtainable olefin polymers may be contrcolled alsc by

20 changing the amount of the component {(B). At this time,
specific examples of the component (B) include
triisobutylaluminum, methylaluminoxane and diethyl zinc.

[0095]

The olefin polymer production process of the present



5Asaneasur enent sol vent, o-di chl orobenzene-d4/benzene-d6 (4/1[v/v]) and
1,1,2,2-tetrachl oroet hane-d2 were used. At a neasurenent tenperature of
120C, 13C NWR spectrum (125 MHz, ECP5@6 nmanufactured by JOEL Ltd., and 100
VHz, ECX400P manufactured 10 by JOEL Ltd.) was neasured to calculate a
racemc diad fraction ([r]) of an olefin polyner. The cal cul ati on was
performed neglecting the influence of ethylene insertion. For exanple, the
racem c diad fraction ([r]) of a polyner containing 4-nmethyl-I|-pentene as a
mai N compionestic was GAldnd it byzdd wWefl ming @ dud egnal 4ad ueQi: .8 si gnal
derived froma racemc structure (approximtely at 42.7 ppn) as "A"™ and an
i ntegral f i ! r re (approximately at
42 4 ppm et B e T i e L el SRR T e
racem c dj fraction ([r])=_BLA and +[r]=100. 20 The_.racem c di ad
fracti on%("?gﬂt of tr?%o%%%%%&%tegi 7 r?%’%gyl ewgeﬁsa%ﬁ‘ﬁf’ﬂre SAPBHERY can be
calculated with reference to, publicly known docunents. On the other hand,

the ethyleh® cBMFMOMNES TSt P nfFéE D7 I3 VR BRI ras) ERtdr 9k Bimence t o

(Macronol ecul es, 1982, 15, 1150). 57 [0106] <Molar ratio> Anong
u- ol ePi nS1FEVIhg B 16 crgrlay poamatanm: may enfedanpieagfo ymgasi zairiapy| ene s
descri bed, and as an exanple of a liquid, 5 4-nethyl-Il-pentene is

descri betesAsadesconbothabove, ©f the aasefad prepylsens;1when 44e ! ar
amount of ethylene fed was defined as ME and the nolar anount of propyl ene

fed was defdded amtimithedmhar mabva e Mtetdhd eng £ owdatel '%i’gy' ene

flowrate) was calculated. In the case of 4-nethyl-I|-pentene, when t he
mol ar _amuni, 1f, LLRY! epe, f g4 ] B e, ol ar, anpunt, of
4- et hyl - 1- pent ene feg was_ defined as gﬁ%?%gongggpgga??§$%ft¢ﬁ§F%?e

(ethyl ene. f]ow,.rate/ 4-nethyl -|-pentene introduci ng anount) was, cal cul at ed.
[ 0107] 1?@”1%& ?i%%l%%fal?zac%lrfgwﬁ&c(%%are Pr alifh 8ot (IHRTYS o Stet-al
conmpound (A) was synthesized by nethods described in the foll ow ng Patent

Li t er At uPeS WHS A Winpke 2919954 Ofpehlybenre fag7ua agpumedinybeghieas Lved

in a liquid in view of a slight ethylene-feeding amount, the
present invention defines the molar ratio: Pz/Pp in the liquid.
In this case, the present invention is characterized by
satisfying the relationship: 0.001<Pz/Pe<0.030. As long as the
15 ratio is within this range, ethylene may be arbitrarily used.
The ratio is preferably 0.0015Pz/Py<0.020, more preferably
0.001<Pg/Py20.010, most preferably 0.001<P:/Py<0.005,
[0096]
On the other hand, when an «-olefin having 3 to 10 carbon
20 atoms is fed as a liquid, provided that the molar amounts of
ethylene and an «-olefin having 3 to 10 carbon atoms that are
fed intoc a polymerization reactor are Py and Ps, respectively,
and when ethylene fed is assumed to be dissolved in the a-olefin

having 3 to 10 carbon atoms, the present invention defines the



JP- A- 2004- 161957, JP- A- 2007- 302854, JP- A- 2007- 302853, 20WO01/ 027124,

JP- A- 2001- 526730 and JP- A-H10-226694. [0108] Transition netal conpound
(al): dibenzyl nmet hyl ene(cycl opent adi eayl ) (3, 6-di-tert-butylfluore
nyl)zirconiundichloride [0109] [0110] Transition nmetal conpound (a2): 5
di benzyl net hyl ene( cycl opent adi enyl ) (2, 7-di - p- chl or opheny1-3

,6-di -tert-butyl fluorenyl)zirconiundichloride [0111] [0112] 10 Transition
met al conpound (a3):

di pheny| nesiwst enet 8o t By to bub yEns- methiylcyckapentiadiamd ) (fhe present
7-di-tert-butyl fluorenyl)zirconiundichloride [0113]

invention is characterized by satisfying the relationship:

0.0015Pg/Pe<0.030. As long as the ratio is within this range,

ethylene may be arbitrarily used. The ratio is preferably

5 0.001<P;/Pp<0.020, more preferably 0.001<P;/P<0.010, most
preferably 0.0015Pg/P<0.005.

[0097]

In the clefin polymer production process of the present

invention, a trace amount of ethylene is polymerized to such

10 a degree as to improve polymerization activity and allow ?he

a-olefin polymer to have increased molecular weight. Thereby,

a syndiotactic a-olefin polymer having high meiting point can

be produced. Az mentioned above, in using metallocene

catalysts for the polymerization of propylene, the presence of

15 & dormant catalyst species with propylene 2,i-insersion is

known; likewise, in the polymerization of o-clefins having 3

to 10 carbon atoms, too, the pregence of a similar dormant

catalyst species is presumable. Here, allowing ethylene in an

amount defined above to make reaction is considered to be able

20  to reactivate the dormant catalyst species to thereby improve

the activity, and moreover prevent polymer chains from being

eliminated from the catalyst species, thus enabling to resume

the dormant growth reaction of the polymer chains and

consequently allowing the o-olefin polymer to have increased



[0114] Transition netal conpound (a4):

di benzyl net hyl ene(cycl opent adi enyl ) (2, 7-di phenyl-3, 6-di -ter

t-butyl fluorenyl)zirconiundichloride p0115] [0116] Transition netal
conpound (a5): 10

di - p- chl or obenzyl net hyl ene(cycl opent adi enyl ) (2, 7- di phenyl- 3

,6-di -tert-butyl fluorenyl)zirconiundichloride [0117] [0118] [ Exanple 1]
[ Production of 4-nethyl-I-pentene polymer] 5Iinto a sufficiently

ni t r ogenlreged sH0Rehhel assuaskt 06l aye, ( equi prat M dde & & iassnhk awdg
tube), 200 nL of 4-nethyl-I|-pentene was |ntroduced and was kept at 30C. On

the other; fianhedd!ed RSULLIOAD Yol 410000 DU RﬁQaﬂbt%ﬂe afreRd I ask, a

magnetic stirrer was placed, and thereto,

syndiotactic a-olefin polymer rather than in the production of
the isotactic w-olefin polymer.
5 {0098}
<Clefin polymer>
Next, olefin polymers obtained by the production process
of the present invention are described. The olefin polymers
obtained by the production process of the present invention have
10 the fecllowing four characteristics.
[Characteristic 1] The olefin polymer comprises a
structural unit X derived from at least one a-olefin selected
from a~-clefins having 3 to 10 carbon atoms and a structural unit
Y derived from ethylene, and provided that the content of the
15  structural unit X in the polymer is x {(mol%) and the content
of the structural unit Y in the polymer is y (mcl%), the polymer
satisfies: 98.55x<99.9, 1.52y20.1 and x+y=100; preferably
98.6=x%99.9, 1.42y20.1 and x+y=100; more preferably 98.7<x<99.9,
1.32y20.1 and x+y=100; most preferably 98.8<x<99.9, 1.22y>0.1
20 and x+y =100. The olefin polymer produced by the production
process of the present invention, in spite of containing a trace
amount of the unit derived from ethylene, maintains high racemic
diad fraction and high melting point, and has increased

melecular weight. If the ethylene content y is more than the



10 2 mmol ) of a hexane sol ution of nethylal um noxane (Al concentration:
1.52 nol /L) manufactured by Tosoh Fi nechem Corporation, and then 2.79 ng
(0.004 nmol ) of dibenzyl met hyl ene(cyckmpent adi enyl)(3,6-di-tert-butylfluore
nyl ) zi rconi undi chl oride and 2 nL of dehydrated tol uene were 15 added and
were stirred for 10 mnutes. Into the autoclave to which nitrogen had been
flown, 1.0 nmol of a toluene solution of triisobutylalumnum(A=1.0M
was added, and then the above solution was added to the autoclave. Through
the gl assrdnidur e, avod Xathddas éafir? polpmdsd mpf NddRuemandi ;. 5
NL/ h of ethylene 61 was flown to initiate polynerization. In the

POl yITeri 2a34:0n J2ThEpAeLE . T8, MBsalo RIS, A0, FE: uaS 000037, ARG AdUs PE/ Po

was cal culated to be 0.0023. T gas of nitrogen and et hyl'ene was

conti nuously .f.ed dur ol ri,zati.on, an nder ordi nary, 5 pressure at 30C
for 10 mimift 8 %Hdts ng%‘}zoeatc%/eoﬁe%aosraﬁt Ejfér}’o .ngl'rPe]?oeCaeﬁS«ﬂ'%/l]& fral | anount of

isobutylaﬂcohol was, added to term nate polynerization. The pol%ner sol ution
was added $ErEH9rigitifetHanol cHMt aFAFRELIE MAiad RyarbednorilElacias to
precipitate a 4-neth¥I-1-pentene pol ymer. The polynmer was 10 vacuum dri ed

at 80€ f oreaklitsliby: ~ A5 MMR esubD$<4rDO1g0sf phefdraieiNyds< hentiees pol yner
was obt ai ned. The polynerization activity was 7.35 kg/mmol -Zr. hr. Wth

regard tendie gdmirnd -l -Ppet Brne 100y, Mo abtpidrdiaf 1) oes< 0-88 (¥ g, Tc
was 153C, Tmwas 201C, AH(Tm was 14.2 mJ/ ng, ethylene content 15was 0.2%

and [r] vafe 98.e2%n 19+ Brxamnkea2by[ Phodusbson: 9hn4sAELAys -dr nalt ene

polynmer] Into a sufficiently nitrogen-purged 500 nL gl'ass 20 autocl ave

e b e e b e e e e b e e T

ey ogen i 490,49, Por3id 200 LL3RE o2 IBAPEL NGRS L LRl B0, 2N

10 the unit derived from ethylene, maintains high melting point.
[Characteristic 3] The intrinsic viscosgity ([ n]) as
measured at 135°C in decalin is 0.70 dl/g or more, preferably
0.75 dl/g or more, more preferably 0.80 dl/g or more, most
preferably 0.85 dl/g or more. The olefin polymer having high

15 molecular weight is expected to show good strength and molding
processability.

[Characteristic 4] The melting point (Tm) as determined
by differential scanning calorimetry (DSC) is 145°C or higher,
preferably Tm2147°C, more preferably Tm2149°C, most preferably

20 Tmz151°C. The olefin peclymer produced by the production
process of the present invention, in spite of containing a trace
amount of the unit derived from ethylene, maintains high racemic
diad fraction and high melting point, and has increased

molecular weight.



2 mmol ) of a hexane solution of nethylalum noxane (Al 62 concentration:
1.52 nol /L) manufactured by Tosoh Fi nechem Corporation, and then 2.79 ng
(0.004 nmol) of dibenzyl nmet hyl ene(cyckdpent adi enyl)(3,6-di-tert-butylfluore
nyl ) zi rconi undi chl oride and 2 nL of dehydrated tol uene were 5 added and
were stirred for 10 mnutes. Into the autoclave to which nitrogen had been
flown, 1.0 nmol of a toluene solution of triisobutylalumnum (A = 1.0M was
added, and then the above sol ution was added to the autoclave. Through the
gl assbl owioupdjube, a m xed gas of 10 NL/h of nitrogen and 2 NL/h of
ethylene 10 was flown to initiate polynerization. In the polynerization

at nospher e: PO 1%@s; 1e 587 5@ RE Wasn 0100 den @nd: S huis; RE/ Ra, wBs. salcul at ed

to be 0.0047. The m xed gas ‘of nitrogen and et hyl ene was conti nuously fed

during polymerizatian un rdi-nat essur e, 30C for, .5 . mnutes,

pol ymer i géatl oriLréllg1 %eF?%?rereagg&geTﬁgr% tlgrgl,éa&l%]?rﬁ? dagr%%nﬁtetobfylene'

i sobut yl al cohol, was ,added to term‘aa%e Eol%meri zation. The. polyner solution
af htng*

was added®d gL EREAGC BdR O @nGf LhgrEeht 9 PAdtd, to

precipitate a 4-nmethyl-1-pentene polymer. The pol yner was vacuumdried at
80C f &r BRhdWss higdl alesnlar ¥s59hf .of the 20 4- et hyl - 1- pent ene pol yner
was obt ai ned. The polynerization activity was 7.77 kg/mmol -Zr.hr. Wth
regard t dhite i metrydddrgint@nee pdhynee oheaisyed|idthe tiintitiynsifc akescosity
[h] was 0.98 dl/g, Tc was 149C, Tmwas 199C, AH(Tm was 15.1 mJ/ ny,

et hyl ene casltesmitn Waguené¥s .ande f1g WRSMIZhAY £h63s{0d 201 5 f Exaip) &:a3]
[ Production of 4-nethyl-I|-pentene polyner] Into a sufficiently

ni t r ogen- d ; L Lpped,-wi a Wi ng
Ube) 20D oF - e ot ane! Vs e sanbed ahd ins Fane B 00 n

t he ot her. _hand,..int ffjcientl ity ogen-purged 30 si.de-arm fl ask, a
magneti c ls@ru?ielrni/]vah%%%;ie ,tljéln Yher &d(;,qunf[ir r%lg(zﬂg: S}L%tlb}r@ofa hexane
sol ution of nethylal um noxane (Al . 10 copcentration: 1.52 nol/L)
nmanuf-ct drEE By &Pﬁﬁ%e@%‘ﬁé%%r%ﬁ%ﬂﬁ, PaRE1PREN PELFE SRy SCOC0RF ol )
of di benzyl nmet hyl ene(cycl opent adi enyl ) (3,6-di-tert-butylfluore
nyl ) zi r coriaffli Ry ok He sdarcruriesof déRydid edaeesl uehether e smidhat iand were
stirred for 10 minutes. Into the autoclave to

polypropylene, the structure is dominated by helical structure

in which three molecules of propylene are present per turn of
the helix, and thus, the inclusion intc such structure of the
15 unit derived from ethylene even in a trace amount greatly
affects the constituent crystal structure, and consequently the
isotactic polypropylene tends to have a lowered melting point.
On the other hand, in the case of the syndictactic polypropylene,
the influence of the unit derived from ethylene on the crystal
20 structure 1s presumed to be minimized by the plural
energetically-stabilized crystal structures, and consequently
the syndiotactic polypropylene hardly has a lowered melting
point. Since similar effect is seen alsc in a gyndiotactic

a-olefin polymer other than the syndiotactic propylene, this



15 which nitrogen had been flown, 1.0 mmol of a toluene solution of
triisobutylalumnum (A = 1.0M was added, and then the above sol ution was
added to the autoclave. Through the gkass bl ow ng tube, a m xed gas of 10
NL/h of nitrogen and 6 NL/h of ethylene was flown to initiate

pol ynmeri zation. In the polynerization 20 atnosphere: PO was 1.5875 and PE
was 0.0223, and thus PE/Po was cal cul ated to be 0.0141. The m xed gas of
nitrogen and et hyl ene was conti nuously fed during polynerization and under
ordi nary grasswmt i30C dafs Hididnit e Rl Yekd Zatd O was- perd orged.
Thereafter, a small anpbunt of isobutyl al cohol was added to 64 term nate

pol yneri ﬂdﬁbtégk%ﬁi el 5@l ution was added to 1.5 L of nethanol

containing 1 niL oric acid, to precipitate a 4-nethyl-I-pentene
pol yner. The pol ymer was vacuumdried at 80C for 10 hours: as a result,
2.96 g of the 5 4-nethyl-I|-pentene polyner was obtained. The pol ynerization

activity was 8.88 kg/mmol -Zr.hr. Wth regard to the 4-nethyl-I|-pentene

pol yner JBYIRIGP the intrinsic viscosity [r] was 1.10 dl/g, Tc was 143C
Tmwas 197C, AH(Tn) was 13.7 mlJ/ ng, ethylene content was 0.6% and [r] was
97. 6% io[0X2]] [Exanple 4] [Production of 4-nethyl-1-pentene pol yner]

Into a sufficiently nitrogen-purged 500 niL gl ass autocl ave (equi pped with a

gl ass bl owi ng tehe)naZ@eryl wfe Ihrdsart hihvdnpeshene WS driibeedwend and was
kept at 30C. On the other hand, into a sufficiently nitrogen-purged 30 nL

si de- ar mddeasiei A I1MBINGIEE Hefh@heasep! acedp1and tiher etpe ?&%éﬁt (Al =2
mmol ) of a hexane sol ution of methylal uni noxane (Al concentration: 1.52

nol /L) t.ure I Lporat i and then_2..79 ny
(0. 004 a2 Be ity P ank TeRE oo SRP s rka §s . *HAe1%8e 2
(3,6-di-tert-butylLfluore nyl)zirconiundichloride and 2 nl. of dehydrated
tol uene W% Oé%deﬁoﬁndn%egr%f 9 r PEAPPOF1E8 ihutdE PhESIEhP AW BAZave to

whi ch nitrogen had been flown, 1.0 mmol of a toluene solution 65 of

trii $8but3ATAIEATHEM {HE Broduch)oRarr it O Lade trasarieinboveignlants on was
added to the autoclave. Through the glass blow ng tube, a m xed gas of 10
NL/ h of migtgcagéredand 10 NL/ h of ethylene was flown to initiate

pol ymeri zation. In the polynerization 5 atnosphere: Po was 1.5875 and
PE=nol ar [@murit of ethylene was 0.0372, and thus PE/Po was cal cul ated to be
0.0234. The m xed gas of nitrogen and ethyl ene was continuously fed during

polyneriz@ﬁh@@i@@qcugq%bogagbngﬁy>pressure at 30C for 5 m nutes,
pol ynmeri zati on was perforned. Thereafter, a small anount of

The intrinsic viscosity is a value measured at 135°C in
15 decalin.
[0102]
<Melting point (Tm), Crystallization temperature (Tc), Amount
of heat of fusion (AH{(Tm})>
With regard to a 4-methyl-l-pentene polymer, the
20 following operation was performed. A differential scanning
calorimeter manufactured by SII NanoTechnology Inc.: EXSTAR
600CDSCwas employed. Under the streamof nitrogen (20 mL/min),
the specimen (about 5 mg) was heated to 270°C at 10°C/min and

was held at 270°C for 5 minutesg, and then the specimen was cooled



10 i sobutyl al cohol was added to term nate pol ynerization. The pol yner
solution was added to 1.5 L of nethanol containing 1 nL of hydrochloric
acid, to precipitate a 4-nethyl-I|-pentene polynmer. The pol ynmer was vacuum
dried at 80C for 10 hours: as a result, 3.18 g of the 4-nethyl-I-pentene
pol ymer was 15 obtained. The polynerization activity was 9.54 kg/ mol - Zr
hr. Wth regard to the 4-nethyl-I|-pentene pol yner obtained: the intrinsic
viscosity[ was 1.18 dl/g, Tc was 139C, Tmwas 195C, AH(Tm was 12.7 mil/ ny,

et hyl ene wopbenit wagot,/Q%, AWkl naes a% Q%fo%o[s%%%lté@%af%a{e@d Exanpl e

1] [Production of 4- rrethyl-l-pentene pol ymer ] Into a surficiently
nitrogen rLged qu tha bl.owi ng

t ube), Zo%yr%ﬁ%ofcsg‘gé%%nﬁ%s pen enez“gn%éséqg?éjo\gu daafv\gjs ﬁ(tequn at 30C.
On the other |ntoasff|C|entI nitrogen- ed 30rrLS|de arm
Mlask. o TR g | FToh Gl Piencet? aff CRErerl E810AE FAR= S8 ol ) of

a hexane sol ution of nethyl aI um noxane (Al 5 concent ration: 1.52 nol/L)
manuf act UFa6¢ L Hosoh- 1 feEReFatlESol AE1 on, 2 &P tfed Qryotay Y. W00W mol )
of di benzyl met hyl ene(cycl opent adi enyl) (3,6-di-tert-butylfluore

nyl ) zEr cardakrditchheortide afdti2e e andehpdiageda s olakiredversea atded rand wer e
stirred for 10 mnutes. Into the autoclave to 10 which nitrogen had been

flown, 1gbimol () .a Febueas s$otobigbe@f viThésebutyd abami num (Mourk OM was
added, and then the above sol uti on was added to the autociave. Through the

gl ass bl Qyi ngedeibgs QN N 0f i)tr agen Mas fHlguy to initiate

pol ymeri zation. Nitrogen was contl nuousl y fed during polynerization and
under 15 ﬂary pressure at 30C for 30 m nutes, polynerization was
per for rred reafter, a small anount of isobutyl al cohol was added to

term nate pon atlon The pol yner solution_was added to 1. 5 L of
nmet hanol cont ai'fi :'?g FeqREdf 4R dPochT R BRI #°lvTSsecFBRt aﬁ%uéJWlng

4- et hyl -1 - pent ene pol ymer. The pol yner was 20 vacuumdried at 80C for 10
hour $¢” a$REFAES AR wag, zaergomecﬂ he MApEfRYENE 1pént efen pod yrroniars talat ai ned.
The polynerization activity was 0.22 kg/ mmol -Zr-hr. Wth regard to the
4- et hy| merperacEne g0 lbpmeiT Io hleaioTethntdiegyntirinsd E38 o aooiay] was 0. 60
dl /g, Tc was 155C, Tm was 204C, AH(Tn) was 20.3 67 ml/ ng, ethylene content
was 0. 0%enwitbyted. Wasnd8r 0%hel Gidddam of nitrogen (20 wL/min), the
specimen (about 5 mg) was heated to 230°C at 10°C/min and was
held at 230°C for 10 minutes, and then the specimen was cooled
15 to 30°C at -10°C/min and was held at 30°C for 5 minutes, and
heated to 230°C at 10°C/min. At this time, a top of a
crystallization temperature peak at the time of cooling was
defined as a crystallization temperature (Tc). A top of a
crystal melting peak at the time of the second heating was
20 defined as a melting point (Tm). From an integrated value of
the peak, an amount of heat of fusion {(AH(Tm)} wasg calculated.
[0104]

With regard to an clefin polymer obtained in Examples and

Comparative Examples, when two or more crystal melting peaks



[ Conpar ati ve Exanple 2] [Production of 4-nethyl-1-pentene polyner] 5The
experinment was perfornmed in the sane nmanner as in Exanple 1, except that

t hrough the gl ass bl owi ng tube, a m xed gas of 10 NL/h of nitrogen and 100
NL/ h of ethylene was flown and in the polynerization atnosphere, PE/ Po was
0.2340. [0124] 10[ Comparative Exanple 3] [Production of 4-nethyl-1-pentene
pol yner ] The experinment was perfornmed in the sane manner as in
Exanpl e 1, except that through the glass blow ng tube, a nmixed gas

cont ai ni RErSELAbLHaf aet;agl@m pasgy fd1owhReandyhds R 115 ROLYIRE iZiald on
atnDsphere PE/ PO was [ 0125] [ Exanple 5] [Production of propylene

pol yner ] f | I clave
(equi pped wt éifﬂﬁdggg! gﬁ%ﬁﬂj%{8gﬁgﬁﬁgggﬁLC§$qheptaﬁ%ﬁaééj ﬁiroduced and
was keptaﬁg &% C. Cn the other hand, into a sufficiently nitrogen-purged 30
mL si de- arm ask, a

<Stereoregularity and Ethylene contents

5 As a measurement solvent,
o-dichlorobenzene-d,/benzene-de (4/1{v/v1) and
1,3,2,2-tetrachloroethane-d, were used. AL a measurement

temperature of 120°C, C-NMR spectrum (125 MHz, ECP500
manufactured by JOEL Ltd., and 100 MHz, ECX400P manufactured
160 by JOEL Ltd.) was measured to calculate a racemic diad fraction
(frl) of an olefin polymer. The calculation was performed
neglecting the influence of ethylene insertion. For example,
the racemic diad fraction ([r]) of a polymer containing
4-methyl-l-pentene as a main component was calculated by
15 defining an integral value of a signal derived from a racemic
structure (approximately at 42.7 ppm) as “A” and an integral
value of a signal derived from a meso structure (approximately
at 42.4 ppm) as “B”, and on the basis of the meso diad fraction
{[m] ) /the racemic diad fraction ([r])= B/A and [m]+[ri=100.
20 The racemic diad fraction ([r]) of a polymer containing
propylene as a main component can be calculated with reference
to publicly known documents. On the other hand, the ethylene
content was determined by C-NMR spectrum, with reference to

{(Macromolecules, 1982, 15, 1150).



magnetic stirrer was placed, and thereto, 2.62 nL (Al= 4 mol) of a hexane
sol ution of nethyl al um noxane (Al concentration: 68 1.52 nol/L)

manuf act ured by Tosoh Fi nechem Cor poration, and then 3.67 ng (0.004 mol)
of di benzyl met hyl ene(cycl opent adi enyl ) (2, 7-di - p- chl oropheny1-3
,6-di-tert-butyl fluorenyl)zirconiundichloride and 2 nL of 5 dehydrated

tol uene were added and were stirred for 10 minutes. Into the autoclave to
whi ch nitrogen had been flown, 1.0 mol of a tol uene solution of
triisobutpdagim num (Al= 1.0 M was added, and then the above sol uti on was
added to the autoclave. Through the glass bl ow ng tube, a m xed gas of 150
NL/h of 1 rQpy. eand 1 NL/h of ethylene was flown to initiate

pol ymer i za q[loa%l.o ]%aqﬂt%e pol ymeri zati on at nosphere, PE/Po was cal culated to
be 0.0067. The m xed gas of propyl ene and et hyl ene was continuously fed
during pol ymer H‘%%‘?‘F%ﬁ%fh’ﬁg@fa%m %Mlﬁrcé’ééiﬂrba’éﬁ’m%@sf BF SPRMR Ut es,

pol yneri zati on was 15 perforned. Thereafter, a small anount of

i sobut yl &fcahts wes orgdeet b tessinidesl . pangms pragiomp L died poliaqwird,sol uti on
was added to 1.5 L of nethanol containing 1 nL of hydrochloric acid, to

pr eci pi t dt-eneestipriopyHrene pa yimede sthe badopyhende pot yined aibdaé neth wase vacuum
dried at 80C for 10 hours: as a result, 20 3.76 g of the propyl ene pol yner
was obt aigiesd cEhe BBk, ZahbAntBet k¥l b¥ MASuBt 76f K/ HPDinLrsdy wal t h
regard to the propylene polyner: [n] was 1.57 dl/g, Tc was 102C, Tm was

155C, AH ; 6 ./ n 9 i 98 0% 69
[0126] | (éix-@z?r%pr%,%ﬁ %%%%?ggu%% gﬁy l%%gl %ﬁ&%g&iﬁe%g’%romeﬁesfﬁg[ e%k%\é%sfnle%%é)was

performed jp t sa manner i,n | e exce t hat_ t hrough the
O ass bl o o (b ogar e aae U BSTRLR GROBrBPoF CRORAEOE & 0T b o
ethylene was flown to initiate pol%rreri zation and in the polynerization
atnnspheﬁ%itanWPﬁ G Bl . In the case of 4-methyl-1-pentene, when

10 the molar amount of ethylene fed was defined as Pg and the molar
amount of 4-methyl-1l-pentene fed was defined as Py, the molax
ratio of Py/Py; (ethylene flow rate/4-methyl-i-pentene
introducing amount} was calculated.

{c1o07]
15 <«<Transition metal compound (A)>
The transiticn metal compound (A) was synthesized by
methods described in the following Patent Literatures:
JP-A-2000-212194, JP-A-2004-168744, JEP-A-2004-189666,
JP-A-2004-161957, JP-A-2007-302854, JP-A-2007-302853,
20 W001/027124, JP-A-2001-526730 and JP-A-H10-226694.
[0108]
Transition metal compound (al):
dibenzylmethylene (cyclopentadienyl) (3,6-di-tert-butylfluocre

nyl) zirconiumdichloride



[0127] 10[ Exanpl e 7] [Production of propyl ene polyner] The
experinment was perfornmed in the sane nmanner as in Exanple 5, except that

t hrough the glass blow ng tube, a m x®l gas of 150 NL/h of propyl ene and
1.5 NL/h of ethylene was flown 15 to initiate polynerization and in the
pol ymeri zati on at nosphere, PE/PO was 0.0100. [0128] [Exanple 8] [Production
of propyl ene polyner] 20The experinent was perforned in the sane manner as
in Exanple 5, except that through the glass blow ng tube, a m xed gas of
150 NL/ h [oftopiopyl ene and 4.0 NL/h of ethylene was flown to initiate

pol ynmeri zation and in the polynerization atnosphere, PE/ Po was 0.0267. 70
[0129] [ Conparative Exanple 4] [Production of propylene polyner]

The experineat Was perforned in the sane manner as in 5 Exanple 5, except
that throu bl owi ng tube, 150 NL/h

ZrCly

[0110]
Transition metal compound {(a2):

5 dibenzylmethylene (cyclopentadienyl) {2, 7-di-p-chlorophenyl-3
,6-di-tert-butylfluorenyl}zirconiumdichloride

{0111}

[0112]

1¢ Transition metal compound {al):
diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl) (2,
7-di-tert-butylfluocrenyl)zirconiumdichloride

[0113]



of propylene alone was flown to initiate polynerization. [0130]

[ Conparative Exanpl e 5] [Production of propyl ene polyner] 10The experi nment
was performed in the same nanner as i%w Exanple 5, except that through the
gl ass bl owi ng tube, a m xed gas of 150 NL/h of propylene and 10.5 NL/h of
ethylene was flown to initiate polynerization and in the polynerization

at nosphere, PE/Po was 0.0700. 15[0131] [Exanple 9] [Production of propylene
pol ymer ] ' The experinent was performed in the same nanner as in
Exanpl e 5, except that the transition nmetal conpound was (a4): 20
dibenzylnethylene(cyclopent?dienyl)(Z,?-dipheny1-3,6-di-ter
t-butyl fl uorenyl) ziy cemtu | ori de, and through the glass blow ng tube, a
m xed gas of 150 NL/ /propyl ene and 0.3 NL/h of ethylene was flown to
initiate polymeri nd in the polynerization atnosphere, PE/ Po was
0.0020. 71 [013FJE anp gg@] [ Producti on of propyl ene pol ymner]

ti
]

[0114]

Transition metal compound {(a4):

dibenzylmethylene (cyclopentadienyl) (2, 7-diphenyl-3,6-di-ter
5 t-butylfluorenyl)zirconiumdichloride

[0115]

[0116]
Transition metal compound (aS5):

10 di-p-chlorobenzylmethylene (cyclopentadienyl) (2, 7-diphenyl-3
,6-di-tert-butylfliuorenyl) zirconiumdichloride

[0117]



The experinment was perfornmed in the same manner as in S Exanple 5,

that the transition netal conpound was (a4):
di benzyl net hyl ene(cycl opent adi enyl ) (24 7-di phenyl-3, 6-di-ter

except

t-butyl fluorenyl)zirconiundi chloride. [0133] [Conparative Exanple 6]
10[ Producti on of propyl ene pol yner] The experinment was performed in

the same manner as in Exanple 5, except that the transition netal

conpound

was (a4): dibenzyl met hyl ene(cycl opent adi enyl) (2, 7-di phenyl-3,6-di-ter
t-butyIfIuoreﬁyl)zirconiunﬂichloride, and t hrough the glass 15 bl ow ng
f

tube, 150 NL/
[0134] [ Exanpl e
performed in t
metal conpEaun

j

propyl ene alone was flown to initiate polynerization.
duction of propylene polyner] 20The experinment was
nner as in Exanple 5, except that the transition

di - p-chl or ob yl enefcycl opent adi enyl) (2, 7- di pheny1-3

, 6-di -tert-but nyl ) zi rconi undi chl ori de, and through the gl ass

bl owi ng tuke, i xed-gas ] NL/ h of propylene 72 and 0.45 NL/h of
et hyl ene [ | ymeri zation and in the polynerization

atnDsphere; b VG 0083, ] 0135]

[0118]
{Example 1]

[Production of 4-methyl-l-pentene polymer]

5 Into a sufficiently nitrogen-purged 500 mL glass

autoclave (equipped with a glass blowing tube), 200 mL of

4-methyl-1l-pentene was introduced and was kept at 30°C.

On the

10

15

other hand, into a sufficiently nitrogen-purged 30 mL side-arm
flask, a magnetic stirrer was placed, and thereto, 1.31 mL {Al=
2 mmol) of a hexane solution of methylaluminoxane (Al
concentration: 1.52 mol/L) manufactured by Tosoh Finechem
Corporation, and then 2.79 mg (0.004 mmol) of
dibenzylmethylene (cyclopentadienyl) (3,6-di-tert-butylfluore
nyl)zirconiumdichloride and 2 wmL of dehydrated toluene were
added and were stirred for 10 minutes. Intc the autoclave to
which nitrogen had been flown, 1.0 mmol of a toluene gsolution
of triisobutylaluminum (Al= 1.0 M) was added, and then the above
solution was added to the autoclave. Through the glass blowing

tube, amixed gas of 2.5 NL/hof nitrogen and 0.5 NL/h of ethylene



[ Conpar ati ve Exanple 7] 5[Production of propylene polynmner] The

experinment was perfornmed in the sane nmanner as in Exanple 5, except that

the transition netal conmpound was (ab5}i

di - p- chl or obenzyl net hyl ene(cycl opent adi enyl ) (2, 7- di phenyl- 3

,6-di-tert-butyl fluorenyl)zirconiundi chloride, and through 10 the gl ass

bl owi ng tube, 150 NL/h of propylene alone was flown to initiate

pol ymeri zation. [0136] [Reference Exanple 1] [Production of

4- et hyl +)=+ e +pok Y ek 5 i clent itr = DY 00 niL
W= PENIERE ROk ¥IBE L+ d gagigvérﬂ%lusa. 1y é oS ged f

gl ass autocl ave (equi pped with ass oW ng tube

4- met hyl -_1- t was intro d_and_was kep 40C t he .ot her hand,
into a 36%??%|é%$§y n?ﬁ%%b%ﬁg%3%9388355ﬁfss§d§9§&n1??ggﬁg“éqﬁégﬁ@ﬁ%:
stirrer was l.,aced, and thereto, 1.31 nmL (Al 20 = 2 mmol ) of a hexane

sol uti on G Caf aumendxaie® (ATROREEREERS 8h: DU IS RNL)e thaemEct ur ed
by Tosoh Fi nechem Corporation, and then 2.96 ng (0.004 mol) of

di phenyl M&hyPeReE3ouE LY - Trd WUt Py lyepeligpéncadhadylyder ordinary
7-di-tert-butylfluorenyl)zirconiundichloride and 2 nL of 73 dehydrated

t ol uehe weressaddaedt & e B¢ imiredt dor pbQymerdtzes i ohnivas tdwe falheel .ave to
whi ch nitrogen had been flown, 1.0 mmol of a toluene solution of

triisobutiHedasmiveun Alsmal 10 Mowes afldedonandithesnbhe abovgsel Y on was
added to the autoclave. 5 Through the gl ass bl ow ng tube, 25 NL/h of

ni £ r0geN sl ok 9yl bake ROl VFEL @Hrf@@r Sb1Loasn ¥as LU Tdously

fed during polymerization and under na pressure  at

m nut es, .pq ynerj zat.i.on s _perforned.. Thereafter, a snall anount of
isobutylérgbﬁbFﬁmﬁ?%ﬁﬁﬁ%&i%ﬁ#%%%ﬁ+ﬁﬁelp%ﬁy r'ngPSFiofécTﬁg | yiver
solution was added to 1.5 L of_ nmethanol containing 1 nL of hydrochloric
aci d, to RSt eafe 3 YRR -1 RNt YR POLYRRE. TRECpEHOHYBETWAESyacuum
dried at 80C for 10 hours: as a result, 1.82 g of the 4-nethyl-I|-pentene
pol yher wasveit dirded. aThed pol §emeri Z dtauwsrs :aessi @i rgswas, 04 990 gfimuble- Zr - hr
15 Wth regard to the 4-nethyl-|-pentene polynmer obtained, the intrinsic
vi scosi t W-mglthwds 12 pehtdhkgpoTemaaswaB3thtIimes. 2325 oA TR iwas 124 8

mJ/ ng, ethylene content was 0.0% and [r] was 2. 0%
activity was 7.35 kg/mmol-Zr-hr. With regard to the
4-methyl-1l-pentene polymer obtained: [ n] was 0.88 dl/g, Tc was
153°C, Tm was 201°C, AE(Tm) was 14.2 mJ/mg, ethylene content
15 was 0.2%, and [r] was 98.2%.
[0119]
[Example 2]
[Production of 4-methyl-1-pentene polymer]
Into a sufficiently nitrogen-purged 500 mL glass
20 autoclave (equipped with a glass blowing tube), 200 mlL of
4-methyl-1l-pentene was introduced and was kept at 306°C. On the
other hand, into a sufficiently nitrogen-purged 30 mL side-arm

flask, a magnetic stirrer was placed, and thereto, 1.31 mL (Al

= 2 mmol) of a hexane solution of methylaluminoxane (Al



[0137] 20[ Ref erence Exanple 2] Into a sufficiently nitrogen-purged
500 nL gl ass autocl ave (equi pped with a glass blow ng tube), 200 niL of

4- et hyl - 1-pentene was introduced andcwas kept at 40C. On the other hand,
into a sufficiently nitrogen-purged 30 nL side-arm 74 flask, a nagnetic
stirrer was placed, and thereto, 1.31 nL (Al = 2 nmmol) of a hexane sol ution
of net hyl al um noxane (Al concentration: 1.52 nol/L) manufactured by Tosoh
Finechen1Cbrporation and then 2.96 ng (0.004 mmol) of 5

di phenyl fﬁ%% rt-buty t d .
7-d|-ter?§% J%?%ﬁyl z?%cgﬁ?ugﬁlgﬁ%orldgﬂgﬁ%ﬁ bﬁL%B%O %Pe?h%ﬁtoluene
wer e add and Wﬁre stlrr 3H§%0 :gu% | nt o {he autoclave to mhlch

ni trogen Had veen 11 own,® 0 ol udte sol Uti%h ofmm

triisobut IaIun1nun1(Al— 1.0 M was 10 added, and then the above sol ution
was added ¥RERHEIRIIBEI SRR CYIRCRRIH aHe il lsS 1 oW i ttubeitul FiuesE gas of
100 NL/h of nitrogen and 20 NL/h of ethylene was flown to initiate

pol ymer i z&th)ori rdonivhed iggi yeider @tid R atlnosh ety dRo avh st A1 E8% vand: PE was
0.1488, and thus P7/ PO was cal cul ated to be 15 0.0937. The m xed gas of

ni trogen safikbdetEnd enecvasicoati fwousd wifrett«dur i ngtpot MAELLZaE1 e atsl under
ordinary pressure at 40C for 10 m nutes, polynerization was perfolned

Ther eaf t gfnich SIRIMoRADUBE BEehSORMLY! &l cohRloWas ad%ﬁuéﬁetﬁm
pol yneri zation. The “pol ymer solution was added to 1.5 L of 20 met anol

cont ai ni ErQEF8£u9¥§5989k8ﬁhc C|g 0£® gég&%ﬂk&?tgﬁétﬂng?kﬁé }D\pentene

I
polyner e polyrmer-was vacuum dri ed our s a8 a Tesul t,
.03 g of_the 4-nethyl - ne was_obt ai . The poI nerlzatlon
2ctivity SO RIS 5P 7S ek IPdar dTRECRHB Bt RgE it PR ene
pol ymer 75 obtained: [n] was 1.57 dl/g, Tc was 200C, Tmwas 228C, 41-1(Tm
was 19. 2 T2 BLhef RS ednt el laeondtgoans 3nd s/ 0feflolasle

[ Ref erence Exanple 3] 5The experinent was perforned in the sane manner as
i n Referawce Exanplte 2niexetpt pohatetrthzetghnt helyl @ss bl lomiangl dathiesn a i xed
gas of 25 NL/h of nitrogen and 0.5 NL/h of ethylene was flown to initiate
pol yrer i zadncpiadk § P, tdes pQlogmer badt Peivaat nopher ean®E IRes s p0. 023,
calculated tobe 0.0047. The mixed gas of nitrogen and ethylene
was continuocusly fed during polymerization and under ordinary
pressure at 30°C for 5 minutes, polymerization wasg performed.
15 Thereafter, a small amount of isobutylalcchel was added to
terminate polymerization. The polymer golution was added to
1.5 L of methanol containing 1 mL of hydrochloric acid, to
precipitate a 4-methyl-l-pentene polymer. The polymer was
vacuum dried at 80°C for 10 hours: as a result, 2.59 g of the
20 4-methyl-l-pentene polymer was obtained. The polymerization
activity was 7.77 kg/mmol-Zr-hr. With regard to the
4-methyl-i-pentene polymer obtained, the intrinsic viscosity

i) was 0.98 dl/g, Tc was 149°C, Tm was 199°C, AH(Tm) was 15.1

mJ/mg, ethylene content was 0.4%, and [r] was 97.7%.



| o[ 0139] [ Reference Exanple 4] The experinent was performed in the
sanme manner as in Reference Exanple 2, except that through the gl ass

bl owi ng tube, a m xed gas of 20 NL/h @& nitrogen and 4 NL/h of ethyl ene was
15 flown to initiate polynerization and in the polynerization atnosphere,
PE/ Po was 0.0190. [0140] The results of Exanples 1 to 11,
Conparative Exanples 1 to 7 and Reference Exanples 1 to 4 are set forth in
Tables 1-1 20to 1-5. [0141] [Table 1-1] Op 22786 L'L6 9*L6 6'L6

[0120]
[Example 3]
[Production of 4-methyl-1-pentene polymer]
Into a sufficiently nitrogen-purged 500 mL glass
5 autoclave (equipped with a glass blowing tube), 200 mL of
4-methyl-1-pentene was introduced and was kept at 30°C. On the
other hand, into a sufficiently nitrogen-purged 30 mL side-arm
flask, a magnetic stirrer was placed, and thereto, 1.31 mL (al=
2 mmol) of a hexane solution of wmethylaluminoxane (Al
16 concentration: 1.52 mol/L) manufactured by Tosoch Finechem
Corporation, and then 2.79 mg (0.004 mmol) of
dibenzylmethylene(cyclopentadienyl) (3,6-di-tert-butylfluore
nyl) zirconiumdichloride and 2 mL of dehydrated toluene were
added and were stirred for 10 minutes. Into the autoclave to
15 which nitrogen had been flown, 1.0 mmol of a toluene sclution
of triisobutylaluminum (Al= 1.0 M) was added, and then the above
sclution was added to the autoclave. Through the glass blowing
tube, a mixed gas of 10 NL/h of nitrogen and 6 NL/h of ethylene
was flown to initiate polymerization. In the polymerization
20 atmosphere: Pp, was 1.5875 and Py was 0.0223, and thus Pyp/Ps was
calculated tobe 0.0141. The mixed gas of nitrogen and ethylene
was continuously fed during polymerization and under ordinary
pressure at 30°C for 5 minutes, polymerization was performed.

Thereafter, a small amount of isobutylalcohol was added to
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terminate polymerization. The polymer solution wasg added to
1.5 L of methanol containing 1 mi of hydrochloric acid, to
precipitate a 4-methyl-l-pentene polymer. The polymer was
vacuum dried at 80°C for 10 hours: as a result, 2.96 g of the
5 4-methyl-l-pentene polymer was obtained. The polymerization
activity was 8.88 kg/mmol-Zr-hr. With regard to the
4-methyl-l-pentene polymer obtained: the intrinsic viscosity
[n] was 1.10 di/g, Tc was 143°C, Tm was 197°C, AH(Tm) was 13.7
mJ/myg, ethylene content was 0.6%, and [r] was 97.6%.
10 {0121}
{Example 4]
{Production of 4-methyl-1l-pentene polymer]
Into a sufficiently nitrogen-purged 500 mL glass
autoclave ({(equipped with a glass blowing tube), 200 mL of
15 4-methyl-l1l-pentene was introduced and was kept at 30°C. On the
other hand, into a sufficiently nitrogen-purged 30 mL side-arm
flask, a magnetic stirrer was placed, and thereto, 1.31 mL (Al=
2 mmol) of & hexane solution of methylaluminoxane (Al
concentration: 1.52 mol/L}) manufactured by Tosoh Finechem
20 Corporation, and then 2.79 mg (0.004 mmol) of
dibenzylimethylene (cyclopentadienyl) (3,6-di-tert-butylfluore
nyl)zirconiumdichloride and 2 mL of dehydrated toluene were
added and were stirred for 10 minutes. Into the autoclave to

which nitrogen had been flown, 1.0 mmol of a toluene solution
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of triisobutylaluminum {Al=1.0 M) was added, and then the above
solution was added to the autoclave. Through the glass blowing
tube, a mixed gas of 10 NL/h of nitrogen and 10 NL/h of ethylene
was flown to initiate polymerization. In the polymerization
5 atmosgphere: P; was 1.5875 and Pg=molar amount of ethylene was
0.0372, and thus Pg/Pp; was calculated to be 0.0234. The mixed
gas of nitrogen and ethylene was continuocusly fed during
polymerization and under ordinary pressure at 30°C for 5 minutes,
polymerization was performed. Thereafter, a small amount of
10 iscbutylalcohol was added to terminate polymerization. The
polymer solution was added to 1.5 LI+ of methanol containing 1
mL. of hydrochloric acid, to precipitate a 4-methyl-1-pentene
polymer. The polymer was vacuum dried at 80°C for 10 hours:
ags a result, 3.18 g of the 4-methyl-l-pentene polymer was
15 obtained. The polymerizationactivity was 9.54 kg/mmol~Zr-hr.
With regard to the 4-methyl-l-pentene polymer obtained: the
intrinsic viscosity[nl was 1.18dl/g, Tewas 139°C, Tmwas 195°C,
AH{(Tm) was 12.7 mJ/mg, ethylene content was 1.0%, and [r] was
97.9%.
20 [0122]
[Comparative Example 1]
[Production of 4-methyl-l-pentene polymer]
Into a sufficiently nitrogen-purged 500 mL glass

autoclave (equipped with a glass blowing tube), 200 mL of
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4-methyl-1l-pentene was introduced and was kept at 30°C. On the
other hand, into a sufficiently nitrogen-purged 30 mL side-arm
flask, a magnetic stirrer was placed, and thereto, 1.31 mL (Al=
2 mmol) of a hexane solution of methylaluminoxane (Al
5 concentration: 1.52 mol/L) manufactured by Tosoh Finechen
Corporation, and then 2.79 mg (0.004 mmol) of
dibenzylmethylene (cyclopentadienyl) (3,6-di-tert-butylfluore
nyl)zirconiundichloride and 2 wl of dehydrated toluene were
added and were stirred for 10 minutes. Into the autoclave to
10  which nitrogen had been £lown, 1.0 mmol of a toluene solution
of triiscbutylaluminum (Al=1.0 M) was added, and then the above
solution was added to the autoclave. Through the glass blowing
tube, 50 NL/h of nitrogen was £lown to initiate polymerization.
Nitrogen was continuously fed during polymerization and under
15 ordinary pressure at 30°C for 30 minutes, polymerization was
performed. Thereafter, a small amcunt of isobutylalcohol was
added to terminate polymerization. The polymer solution was
added to 1.5 L of methanol containing 1 mL of hydrochloric acid,
to precipitate a 4-methyl-l-pentene polymer. The polymer was
20  wvacuum dried at 80°C for 10 hours: as a result, 0.43 g of the
4-methyl-l-pentene polymer was obtained. The polymerization
activity was 0.22 kg/mmol-Zr-hr. With regard to the
4-methyl-l-pentene polymer cbtained: the intrinsic viscosity

[n] was 0.60 dl/g, Tc wag 155°C, Tm was 204°C, AH(Tm) was 20.3
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mJ/mg, ethylene content was 0.0%, and [r] was 98.0%.
[0123]

[Comparative Example 21

[Production of 4-methyl-1-pentene polymer]

5 The experiment was performed in the game manner as in
Example 1, except that through the glass blowing tube, a mixed
gas of 10 NL/h of nitrogen and 100 NL/h of ethylene was flown
and in the polymerization atmosphere, Pg/P; was 0.2340.
[0124]

10 [Comparative Example 3]

[Production of 4-methyl-l-pentene polymer]

The experiment was performed in the same manner as in
Example 1, except that through the glass blowing tube, a mixed
gas containing 150 NL/h of ethylene was flown and in the

15 polymerization atmosphere, Py/P, was 0.2808.

[0125]
[Example 5]
[Production of propylene polymer]
Into a sufficiently nitrogen-purged 500 mL glass

20 autoclave (equipped with a glass blowing tube), 400 mL of
heptane was introduced and was kept at 50°C. On the other hand,
into a sufficiently nitrogen-purged 30 mL side-arm flask, a
magnetic stirrer was placed, and thereto, 2.62 mL (Al= 4 mmol)

of a hexane solution of methylaluminoxane {Al concentration:
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1.52 mol/L) manufactured by Tosoh Finechem Corporation, and
then 3.67 mg (0.004 mmcel) of
dibenzylmethylene (cyclopentadienyl) (2, 7-di-p-chlorophenyl-3
,6-di-tert-butylflucrenyl)zirconiumdichloride and 2 mL of
5 dehydrated toluene were added and were stirred for 10 minutes.
Into the autoclave to which nitrogen had been flown, 1.0 mmol
of a toluene solution of triisobutylaluminum (Al= 1.0 M) was
added, and then the above solution wag added to the autoclave.
Through the glass blowing tube, a mixed gas of 150 NL/h of
10 propylene and 1 NL/h of ethylene was flown to initiate
polymerization. In the polymerization atmogphere, Pg/Py was
calculated to be 0.0067. The mixed gas of propylene and
ethylene was continucusly fed during polymerization and under
ordinary pressure at 50°C for 15 minutes, pclymerization was
15 performed. Thereafter, a small amount of iscobutylalcchol was
added to terminate polymerization. The polymer solution was
added to 1.5 L of methanol containing 1 mL of hydrochloric acid,
to precipitate a propylene polymer. The propylene poclymer
obtained was vacuum dried at 80°C for 10 hours: as a result,
20 3.76 g of the propyiene polymer was obtained. The
polymerization activity was 3.76 kg/mmol-Zr-hr. With regard
to the propylene polymer: [ n] was 1.57 dl/g, Tc was 102°C, Tm
wasg 155°C, AH(Tm) was 51.6 mJ/mg, ethylene content was 0.5%,

[r] was 98.0%.
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[c126]
[Bxample 6]
[Production of propylene polymer]

The experiment was performed in the game manner as in
Example 5, except that through the glass blowing tube, a mixed
gas of 150 NL/h of propylene and 0.8 NL/h of ethylene was flown
toinitiate polymerization and in the polymerization atmosphere,
Pe/Po was 0.0053.

[0127]
[Example 7]
[Production of propylene polymer]

The experiment was performed in the sgame manner as in
Example 5, except that through the glass blowing tube, a mixed
gas of 150 NL/h of propylene and 1.5 NL/h of ethylene was flown
toinitiate polymerization and in the polymerization atmosphere,
Pz/Py was 0.0100.

[0128]
[Example 8]
[Producticon of propylene polymer]

The experiment was performed in the same manner as in
Example 5, except that through the giass blowing tube, a mixed
gas of 150 NL/h of propylene and 4.0 NL/h of ethylene was £lown
toinitiate polymerization and in the polymerization atmosphere,

Pr/Po was 0.0267.
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[012¢]
[Comparative Example 4]
[Production of propylene polymer]

The experiment was performed in the same manner asg in
Example 5, except that through the glass blowing tube, 150 NL/h
of propylene alone was flown to initiate polymerization.
[0130]

[Comparative Example 5]
[Production of propylene polymer]

The experiment was performed in the same manner as in
Example 5, except that through the glass blowing tube, a mixed
gas of 150 NL/h of propylene and 10.5 NL/h of ethylene was flown
toinitiate polymerization and in the polymerization atmosphere,
Pz/P; was €.0700.

[0131]
iExamplé 9]
[Production of propylene polymexr]

The experiment was performed in the same manner as in
Example 5, except that the transition metal compound was (a4):
dibenzylmethylene (cyclopentadienyl) (2, 7-diphenyl-3,6-di-ter
t-butylfluorenyl)zirconiumdichloride, and through the glass
blowing tube, a mixed gas of 150 NL/h of propylene and 0.3 NL/h
of ethylene was flown to initiate polymerization and in the

polymerization atmosphere, Pg/Po was 0.0020.
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{0132]
[Example 10]
[Production of propylene polymer]
The experiment was performed in the same manner as in

5 Example 5, except that the transition metal compound was {a4):
dibenzylmethylene (cyclopentadienyl) {2, 7-diphenyl-3,6-di-ter
t-butylfluorenyl)zirconiumdichloride.

[0133]
[Comparative Example 6]

10 [Production of propylene polymer]

The experiment was performed in the same manner as in
Example 5, except that the transition metal compound was (a4) :
dibenzylmethylene (cyclopentadienyl) (2,7-diphenyl-3,6-di-ter
t-butylfluorenyl) zirconiumdichloride, and through the glass

15 blowing tube, 150 NL/h of propylene alone was flown to initiate
polymerization.

[0134]
[Example 11]
[Production of propylene polymer]

20 The experiment was performed in the same manner as in
Example 5, except that the transition metal compound was (a5) :
di-p-chlorcbenzylmethylene (cyclopentadienyl) (2, 7-diphenyl-3
,6-di-tert-butylfluorenyl)zirconiumdichloride, and through

the glass blowing tube, a mixed gas of 150 NL/h of propylene



CSE 8" E 09'"T SGS OCci/ad 0.0067 500'0 00.10'0 0.0267 --676(i6-61

0.0700] Transition metal conpound
72

and 0.43 NL/h of ethylene was flown to initiate polymerization
and in the polymerization atmosphere, Py/Py was 0.0033.
[0135]
[Comparative Example 7]
5 [Production of propylene polymer]

The experiment was performed in the same manner as in
Example 5, except that the transition metal compound was (as5):
di-p-chlorobenzylmethylene (cyclopentadienyl) (2, 7-diphenyl-3
,6-di-tert-butylfluorenyl)zirconiumdichloride, and through

10 the glass blowing tube, 150 NL/h of propylene alone was flown

to initiate polymerization.

[0126]

[Reference Example 1]

[Production of 4-methyl-1-pentene polymer]

15 Into a sufficiently nitrogen-purged 500 ml. glass
autociave (equipped with a glass blowing tube}, 200 mL of
4-methyl-1l-pentene was introduced and was kept at 40°C. On the
other hand, into a sufficiently nitrogen-purged 3¢ mL side-arm
flask, a magnetic stirrer wag placed, and thereto, 1.31 mL (Al

20 = 2 mmol) of a hexane solution of methylaluminoxane (Al
concentraticn: 1.52 mol/L) manufactured by Tosoh Finechenm
Corporation, and then 2.96 mg {0.004 mmel. ) of
diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl) (2,

7-di-tert-butylfluorenyl)zirconiumdichloride and 2 mL of



Zn uTJaTO0-10 propyl ene propyl ene J propyl ene propyl ene anaTAdoad propyl ene
] 40N-unN xH 9 "xa L xa 4)cH
73

dehydrated toluene were added and were stirred for 10 minutes.
Into the autoclave to which nitrogen had been flown, 1.0 mmol
of a toluene sgolution of triigcbhutylaluminum (Al= 1.0 M} was
added, and then the above goluticn was added to the autoclave.
5 Through the glass blowing tube, 25 NL/h of nitrogen was flown
to initiate polymerization. Nitregen was continuously fed
during polymerization and under ordinary pressure at 40°C for
30 minutes, polymerization was performed. Thereafter, a small
amount of isobutylalcohol was added to terminate polymerization.
10 The polymer solution was added to 1.5 L of methanol containing
1 mL of hydrochloric acid, to precipitate a 4-methyl-1-pentene
polymer. The polymer was vacuum dried at 80°C for 10 hoursg:
as a result, 1.82 g of the 4-methyl-l-pentene polymer was
obtained. The polymerizationactivity was 0.91 kg/mmol-Zr-hr.
15 With regard to the 4-methyl-l-pentene polymer obtained, the
intrinsic viscosity[ nl was 2.04dl/g, Tcwas 203°C, Tmwas 232°C,
AH(Tm) was 27.8 mJ/mg, ethylene content was 0.0%, and [r] was

2.0

e

[0137]
20 [Reference Example 2]
Into a sufficiently nitrogen-purged 500 mL glass
autoclave (equipped with a glass blowing tube), 200 mL of
4-methyl-1-pentene was introduced and was kept at 40°C. On the

other hand, into a sufficiently nitrogen-purged 30 mlL side-arm
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flask, a magnetic stirrer was placed, and thereto, 1.31 ulL (Al
= 2 mmol) of a hexane solution of methylaluminoxane (Al
concentration: 1.52 mol/L) manufactured by Tosoh Finechem
Corporation, and then 2.96 mg (0.004 mmol) of
diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl) (2,
7-di-tert-butylfluorenyl)zirconiumdichloride and 2 mL of
dehydrated toluene were added and were stirred for 10 minutes.
Into the autoclave to which nitrogen had been flown, 1.0 mmol
of a toluene sgolution of triiscbutylaluminum {Al= 1.0 M) was
added, and then the above golution was added to the autoclave.
Through the glass blowing tube, a mixed gas of 100 NL/h of
nitrogen and 20 NL/h of ethylene was flown to initiate
polymerization. In the polymerization atmogphere: Py was
1.5875 and Pz was 0.1488, and thus Pg/P, was calculated to be
0.0937. Themixedgas of nitrogen andethylene was continuously
fed during polymerization and under ordinary pressure at 40°C
for 10 minutes, polymerization was performed. Thereafter, a
small amount of isobutylalcohol wag added o terminate
polymerization. The polymer solution was added to 1.5 L of
methanol containing 1 mL of hydrochloric acid, to precipitate
a 4-methyl-1l-pentene polymer. The polymexr was vacuum dried at
8C'C for 10 hours: as a result, 1.03 g of the 4-methyl-1-pentene
polymer was obtained. The polymerization activity was 1.55

kg/mmol-Zr-hr. With regard to the 4-methyl-1-pentene polymer
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obtained: [ n] was 1.57 dl/g, Tc was 200°C, Tm was 228°C, AH{Tm)
was 19.2 mJ/mg, ethylene content was 0.3%, and [r] was 2.0%.
{0138]

[Reference Example 3}

The experiment was performed in the same manner as in
Reference Example 2, except that through the glass blowing tube,
a mixed gas of 25 NL/h of nitrogen and ¢.5 NL/h of ethylene was
flown to initiate polymerization and in the polymerization
atmogphere, Pg/Ps was 0.0023.

[0139]
[Reference Example 4]

The experiment was performed in the same manner as in
Reference Example 2, except that through the glass blowing tube,
a mixed gas of 20 NL/h of nitrogen and 4 NL/h of ethylene was
flown to initiate polymerization and in the polymerization
atmogsphere, Pg/Ps was 0.0190.

01401

The results of Examples 1 to 11, Comparative Examples 1
to 7 and Reference Examples 1 to 4 are set forth in Tables 1-1
te 1-5.

[0141]

[Table 1-11

z
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Ref .Ex.2 r E. x2rJem Ref . Ex.4 Industrial Applicability [0146] The
production of syndiotactic a-olefin gglyners havi ng 5 hi gh nol ecul ar wei ght
and high nelting point with excellent "polynerization activity under

i ndustrially-possible production conditions that is acconplished by the
present invention brings great advantage to polyol efin industry. For
exanpl e, when priopyi eng and ethyl ene are used as a nononer, the io

resul t ant syndlctgct¢6?ggﬁypropylene, in spite of containing a trace anount
of a unit derived=fromd t Byl ene, has high racenmic diad fraction and high
mol ecul ar wei ght._and Lntains high nelting point ; furthernore, when
a-olef ins othermthan pr apyl ene are used, too, syndiotactic a-olefin

pol ymers havi ng h|@hwl5¢rgcenic di ad fraction and high nol ecul ar wei ght and

mai nt ai ni ng higrg gkpg;goint can be industrially produced. In this way,
the present invegtfon flinds a wide range of applications and thus is
useful . 82 CLAINB 1 prlocess for producing a syndiotactic a-olefin
pol ymer conpri siing polyntrizing a nononer that conprises at 5 | east one
a-ol efin having BEtn)ECSiarbon atons and a snall anmount of ethylene, in the
presence of an clef:nrbdlvnerization catal yst conprising a transition netal
conpound (A) represented by the follow ng general fornmula [1], at |east one
conmpound (B) sellectied flrgm an or ganoal um num oxy- conpound (b-1) , a
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10 (b-2) that

reacts with the transition netal
pair and an organoal um num conpound

conmpound (A) to forman ion

-3), whi ch process for

produci ng a syndiotactic a-olefin pol'yner satisfies the rel ationship:
0. 001S_Po/ P05. 0. 030, provided that the nolar anounts of ethylene and an
a-olefin 15 having 3 to 10 carbon atons that are fed into a pol ynerization

reactor under a pgm% nerj zation tenperature of not |ower than 25C are PE and
Po, respectively; @J%‘% four groups:, R3 and R4 are selected from 83 and
a silicon-contalnrﬂg o [&Up, and may be the sanme as or different from one
another; Rl and R2_are t bonded to each other to forma ring; R2 and R4
are not bonded ta;gac1 her to forma ring; Rs and R6 are each an atom or
a substituent sehe@t£1\ fromthe group consisting of a hydrogen atom a
hydr ocar bon group-~HavifHigs 2 to 20 carbon atons and a silicon-containing
group, and may bngh% siane as or different fromone another; Mis selected
froma titaniumatom |a zirconiumatomand a hafniumatom Qis a hal ogen
atom a hydrocarjpon: group, a neutral and 10 conjugated or non-conj ugated

di ene having 10 Ol lesl|.carbon atons, an anionic ligand or a neutral |igand
capabl e of coordlnatljﬁ y lone pair electrons; j is an integer of 1 to 4,
and when j is 2 lor horel lthe plurality of Q may be the same as or different
fromone another|. 156 2.{The process for producing a syndiotactic a-olefin
pol ymer accordin fidiim 1, wherein in the general forrmula [11, R2 and R2
are the sane aton1or Te'lsane group. 203. The process for producing a

syndi otactic a-o

9ot ov
1

%a

ymer according to claim1 or
nd R2 are t-butyl groups. 84

2, wherein in the

general formula [1]; R 2
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pol ymer according to any one of clains 1 to 3, wherein in the general

formula [1],
or aryl

different from each other.
syndi otactic a-olefin polynmer according to claim1, wherein in the general

R2 and R3 are t-butyl
groups having 6 to 20 carbon atons and may be the sane as or

5

and RI and R4 are hydrogen atons

grQUPS;

5. The process for producing a

fornmula [1], RSandR6ar e hydrbcar Qoﬂp groups having 6 to 20 carbon atons and
may be the same ps; of, |d|4|[Ferent Eromgach other. 10 6. The process
for producing a syndi otackilo a-oﬁéji ngpol ymer according to claim1 or 5,
wherein in the geneial romula [E]7 RS and R6 are aryl groups having 6 to
20 carbon atoms fr aral kyl |group§ _ﬂ'nqjviing 6 to 20 carbon atons, and may be
o (o] o
the same 15 as org @ljﬁfgrpe@to rong@@hgot her. 7. The process for
produci ng a synd mfgagtgco' a-glefif Hal-ynmer according to any one of clains 1
to 6, wherein inﬁl@{e general form#a §1], R2 and R3 are t-butyl groups; R
and R4 are 20 hydrogen atlons! or &ryls groups having 6 to 20 carbon atons and
may be the same as 6r |djflf erent friom ®ach other; and R5 and R6 are aryl
groups having 6 L@ 20 [ et ot at o ’“é’rgﬂaral kyl groups having 6 to 20 carbon
atons, and may be t he 3dhE &s @jﬁoﬁ gf‘érent fromeach other. 85 8.
The process for produci ; ay%dﬁcﬂj_ ckic a-olefin polyner according to
claim?7, wherein in:the generak onﬁuﬁa El], R5 and R6 are aral kyl groups
having 6 to 20 clarbop | IJEES 550 Hso 9. The process for producing a
syndiotactic a-ol efin|Potyner gcgordisig to claiml, wherein the at |east
one a-ol efin having.3.to 10 carpdrg gtdnms is propylene. 1010. A process for
produci ng a syndj otagli 319l efd § palymer according to claim1, which
conprises feedi ngethybene ~ L9558
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and/ or propylene to a polynerization reactor continuously or intermttently

and the production process satisfies the rel ati onship:

0. 001PE/ P05. 0. 030, provided that the gplar 15 amounts of ethyl ene and
propyl ene are PE and Po, respectively. 11. The process for
produci ng a syndiotactic a-olefin polyner according to claim1, wherein the
at | east one a-olefin having 3 to 10 carbon atons is 4-nethyl-I-pentene. 20

12. The process for producing a syndiotactic a-olefin polymer according to
any one qﬁdﬂgyfg%ilgﬁbﬁicégyyﬁﬁglthe syndi otactic a-ol efin polyner
It X der

conprises a structural unit ived fromat |east one a-olefin selected
from a-ol ef.i 86 having 3 to 10 carbon atons and a structural unit Y
derived fromethylene, and satisfies all of the follow ng requirenents [1]
to [4] : [1L provided that the content of the structural unit 5 X
in the pol ymer T R¥PRBFY OB SELEOTE&EHI 0P ~Che Lt Belurarsui¥ingin the
polymer is y (nmol%, 98.5x99.9, 1.57-,.y0.1 and x+y=100; [2] the
racenfc diigd MAEEIWRY [Wgdghds anshfidd Me i3 VR 1its W0965c4K10096;
10[3]the intrinsic viscosityr] ) as neasured at 135C in decalinis 0.70
dl /g or molgmeandzdtAldrhe mektindgtpoi ntwidey as idetertdinead pypoossible
production conditions that is accomplished by the present
invention brings great advantage to polyolefin industry. For
example, when propylene and ethylene are used as a monomer, the
10 resultant syndiotactic polypropylene, in spite of containing
a trace amount of a unit derived from ethylene, has high racemic
diad fraction and high molecular weight and maintains high
meliting point; furthermore, when a-olefins other than propylene
are used, too, syndiotactic o-olefin polymers having high
15 racemic diad fraction and high molecular weight and maintaining
high melting point can be industrially produced. In this way,

the present invention finds a wide range of applications and

thus is useful.
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CLAIMS

1. A process for producing a syndiotactic o-olefin
polymer comprising polymerizing a monomer that comprises at
least one a-olefin having 3 to 10 carbon atoms and a small amount
of ethylene, in the presence of an olefin polymerization
catalyst comprisinga transitionmetal compound (A) represented
by the following general formula [1], at least one compound (B)
selected from an organocaluminum oxy-compound (b-1), a compound
{b-2) that reacts with the transition metal compound (A) to form
an ion pair and an organcaluminum compound (b-3),

which process for producing a syndictactic o-olefin
pelymer satisfies the relationship: 0.001<P:/P:<0.030,
provided that the molar amcunts of ethylene and an o-olefin
having 3 to 10 carbon atoms that are fed into a polymerization
reactor under a polymerization temperature of not lower than

25°C are Py and Py, respectively;

o

R5
R @/ R
R3 R .. .01

wherein four groups: R', R?, R® and R® are selected from

the group consisting of a hydrogen atom, a hydrocarbon group
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and a silicon-containing group, and may be the same as or
different from one another; R and R? are not bonded to each other
to form a ring; R’ and R* are not bonded to each other to form
a ring; R® and R® are each an atom or a substituent selected
from the group consisting of a hydrogen atom, a hydrocarbon
group having 2 to 20 carbon atoms and a silicon-containing group,
and may be the same as or different from one another; M is
selected from a titanium atom, a zirconium atom and a hafnium
atom; Q is a halogen atom, a hydrocarbon group, a neutral and
conjugated or non-conjugated diene having 10 or less carbon
atoms, an anionic ligand or a neutral ligand capable of
coordination by lone pair electrons; j is an integer of 1 to
4, and when j is 2 or more, the plurality cf Q may be the same

as or different from one another.

2. The preocess for producing a syndiotactic w-olefin
polymer according to c¢laim 1, wherein in the general formula

[11, R® and R’ are the same atom or the same group.
3. The process for producing a syndiotactic a-olefin
polymer according to claim 1l or 2, wherein in the general formula

1], R® and R® are t-butyl groups.

4, The process for producing a syndiotactic w-olefin
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polymer according to any one of claims 1 to 3, wherein in the
general formula [1], R? and R® are t-butyl groups; and R' and
R* are hydrogen atoms or aryl groups having 6 to 20 carbon atoms

and may be the same as or different from each other.

5. The process for producing a syndiotactic g-olefin
polymer according to claim 1, wherein in the general formula
[1], R® and R® are hydrocarbon groups having 6 to 20 carbon atoms

and may be the same as or different from each other.

£. The process for producing a syndiotactic @-olefin
polymer according to claiml or 5, wherein in the general formula
{11, R® and R® are aryl groups having 6 to 20 carbon atoms or
aralkyl groups having 6 to 20 carbon atoms, and may be the same

as or different from each other.

7. The process for preducing a syndiotactic w-clefin
polymer according to any one of claims 1 to 6, wherein in the
general formula [1], R* and R® are t-butyl groups; R* and R* are
hydrogen atoms or aryl groups having 6 to 20 carbon atoms and
may be the same as or different from each other; and R® and R®
are aryl groups having 6 to 20 carbon atoms or aralkyl groups
having 6 to 20 carbon atoms, and may be the same as or different

from each other.
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8. The process for producing a syndiotactic o~olefin
polymer according to claim 7, wherein in the general formula

[1], R® and R® are aralkyl groups having 6 to 20 carbon atoms.

9. The process for producing a syndiotactic a-olefin

polymer according to claim 1, wherein the at least one a-olefin

having 3 to 10 carbon atoms is propylene.

10. A process for producing a syndiotactic w-olefin
poiymer according to claim 1, which comprises feeding ethylene
and/or propylene to a polymerization reactor continuously or
intermittently and the production process satisfies the

relationship: 0.001<Py/Pe<0.030, provided that the molar

amounts of ethylene and propylene are Py and P, respectively.

11. The preocess for producing a syndiotactic a-olefin

polymer according to claim 1, wherein the at least one a-olefin

having 3 to 10 carbon atoms is 4-methyl-l-pentene.

12, The process for producing a syndiotactic o-olefin
polymer according to any one of claims 1 to 6, wherein the
syndiotactic w«-olefin polymer comprises a structural unit X

derived from at least one w-olefin selected from o-olefins
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having 3 to 10 carbon atoms and a structural unit Y derived £rom
ethylene, and satisfies all of the following requirements [1]
to [4]:

f1] provided that the content of the structural unit
X in the polymer is x (mol%) and the content of the structural
unit Y in the polymer is y (mol%), 98.55x<99.9, 1.52y20.1 and
X+y=100;

[2] the racemic diad fraction ([r]) as measured by
PC-NMR is 90%<[r]<100%;

[3] the intrinsic viscosity (I n] ) as measured at 135°(C
in decalin is 0.70 dl/g or more; and

[4] the melting point {Tm) as determined Dby

differential scanning calorimetry (DSC) is 145°C or higher.



