1 DESCRIPTION BRIDGED METALLOCENE COMPOUND, OLEFIN POLYMERIZATION
CATALYST CONTAINING THE SAME, AND ETHYLENE POLYMER OBTAINED WITH THE
5CATALYST FIELD OF THE INVENTION [0001] The present invention relates to metallocene
compounds 10 useful as olefin polymerization catdlysts or catalyst components, and to olefin
polymerization processes with an olefin polymerization catalyst containing the metallocene compound.
In detail, the invention relates to olefin polymerization catalysts that can catalyze with high 15

~ polymerization activity the production of olefig faedyrsersdaaving high melt tension, excellent mechanical
strength and good particle properties, and relates to olefin polymerization processes using the
catalysts. Further, the invention relates to ethylene polymers obtained by the polymerization processes
20 that have good processability and particularly excellent mechanical strength compared to

conventiopalrEiBEENRPoAesERRddelates e hesNRRESIS He SN SR &iBfﬁ&Q’? njag the

ethylene polymers. In more detail, the invention is concerned with shaped articles ical stréngth
compaor filowsTthaanes 2mbtaipgsidromihe %‘@M‘?ﬂ@ﬁ@'ﬁﬁ%@ﬁﬁh%gﬁ]{ﬂ?f?@s@ ,f,%siq,ﬁgmpositions
containing the ethylene polymers, or relates to laminate films including the films. Furthermore, the
inverttion is concerned with ethylene polymerszdhalRave good 5 processability and easy-opening
properties compared to conventional ethylene polymers, and thermoplastic resin compositions
containing the ethylene polymers. In more detail, the invention is concerned with shaped articles or
films that are obtained from the ethylene polymers or the thermoplastic 10 resin compositions
containing teEL.ethgenepolymensyon rafates to laminate films including the films. BACKGROUND OF
THE INVENTION [0002] 150lefin polymers are shaped by various methods and used in wide-ranged
applicatiopgokarjexample, ethylene polymers are extruded into films or sheets for use in the
packaging of foods, liquids or daily sundries. Olefin polymers require various properties depending on
the shaping methpHs gstsesi-applicatiensdntae gase, 0&5—%@@%%@@@% %%?)%Tz@iﬁsthey require

performances such as stable processability even at high speed (high-speed film-forming properties)

and smaltsedid. K903] ¢k in bewskopty RoSIIencs | DEE) by highkpicssure radica
a

polymerization have a high melt tension because of their complicated long-chafn branched structures,

and shovegogebsbamiag pearessabiltyseich assIyalkaechein; ereby iadag 5 variogs yses. However
Slie str

shaped articles therefrom still have low mechanical strength properties such as ten ength, tear

strength ane: fnpagcesisiant skengsh. burther, these Aobynersshonpogr high-speed film-forming

properties in T-die extrusion. 10[0004] In contrast to LDPE, Ziegler-catalyzed or

metallocenerpatatyded ethyleae polymars possessihighiensie strenoth, tegrsirength and impact
resistant strength due to their molecular structures, and they are used in applications 15 requiring

mechanieal bireagthz oivevet dbass/pelymers bava a ley maltiensipnand.gansequent poor shaping
processability. [0005]
15 polymerization activity the production of olefin polymers
having high melt tension, excellent mechanical strength and
good particle properties, and relates to olefin pclymerization
processes using the catalysts. Further, the invention relates
to ethylene polymers obtained by the polymerization processes
20 that have good processability and particularly excellent
mechanical strength compared to conventional ethylene polymers,
and relates to thermoplastic resin compositions containing the

ethylene polymers. In more detail, the invention is concerned

with shaped articles ical strength compacr films that are



To solve these problems, [1] LDPE is blended with a Ziegler-catalyzed or metallocene-catalyzed
ethylene polymer 20 (Patent Document 1); [2] the molecular weight distribution is broadened by
multistage polymerization (Patent Document 2); [3] a long-chain branched ethylene polymer is
produced with a chromium catalyst ; [4] a long- chain branched ethylene polymer is produced with a
specific metallocene catalyst (Patent 4 Document 3) ; [5] macro monomers are copolymerized with
use of a specific metallocene catalyst to give a long-chain branched ethylene polymer (Patent
DocumebbA)s; ioidd] ethytend anskdighe mecppopptymesized wlith tée ohaspeacific metakdgene catalyst
5 to afford a long-chain branched ethylene polymer (Patent Documents 6 and 7) . However, the
method [ddpgresdlyidcreasesnasisnn the bleadaithoflthe pobemigmeand tire ette/larfeesolpmers
obtained by the methods [2] , [3) , [4) and [5] have a small number of long-chain branches and do not
have a sufiiatens meltieasien dfdnshapmoprecéssabdity. Furttdretireonethodt{6] can deteriorate
mechanical characteristics inherent to polymers or can result in gelation when the diene is used in
large ambtitatsn fODAG] 15Patent &ovedernits 18 athd teach thelysesofswolwrmbevkindsofimetallocene
compounds or organometallic complexes in order to produce more long-chain branches or to increase
the melt tenstore owielbt, the mdneses wf dgrepdhain bravehes isstilkinsgfétiedt &ad problems remain
in terms of shaping 20 processability. Further, the catalytic activity is far below the industrial level.
[0007] coAsdlisciissed akamrey; itdas pedrydifficalt tepdodutervsips having igs krelt tension and
excellent mechanical 5 strength inexpensively and efficiently by means:of the conventional catalyst
systems ouhyp dencingnre sins Ha othergwongs ethievdese o pro épvefsfficiehn proehéctiert protesses for
ethylene polymers having high melt tension and excellent 5 mechanical strength is important and
highly vatireblé irvthetihdustiial procetiond0008h shaghed ethylenég®lpnefs drsusdias sealants in
packaging materials, the polymers require mechanical strength such as 10 heat seal strength or pack
breakage: stsengthadd pectettrite corgertshiHbaeeenprrkegiaganateniald-ther arrdasily bpened (have
easy openability) attract attention out of consideration for elderly people, infants and disabled people.
Oneoof theeapproachessdisil easynepenatiikityis teoapprepeddtbiy vesskgpathgmiStigeat 8€al strength at the
sealed portion. Accordingly, there is a need for ethylene polymers having appropriately low heat seal -
strength.{6068%]eEhetpresentineertofsidmdietirdiligehtlypdn wew dtih@20 problems in the art as
describe above. They have then found that a single or plural kinds of bridged metallocene compounds
having differing cyclopentadienyl-derived groups can afford macromonomers that are a source of
long-chain branches and can simultaneously catalyze the repolymerization of the 6 macromonomers
into olefiz pOKERDTNAVIOG dlER)INVRREL ON

[o002]

i5 Olefin polymers are shaped by various methods.and used
in wide-ranged applications. For example, ethylene polymers
are extruded into films or sheets for use in the packaging of
foods, ligquids or daily sundries. Olefin polymers regquire
various properties depending on the shaping methods or use

20 applications. In the case of T-die extrusion as an example,
they require performances such as stable processability even
at high speed (high-speed film-forming properties) and small
neck-in.

[00031



long-chain branches, small neck-in in the T-die extrusion, small take-up surge and superior
mechanical strength or olefin polymers having small neck-in in the T-die extrusion, small 5 take-up
surge and easy opening properties. Such compounds as olefin polymerization catalysts and
polymerization processes using the compounds have been found to be capable of efficiently producing
the olefin polymers as described above. The present invention has been completed based on the
findings. 10 Patent Document 1: WO 99/046325 Patent Document 2: JP-A-H02-53811 Patent
Document 3: JPLoW(0de218308 Palant Duclarers 4 (LIFRAIHE8-5023805 b EatentéddDocument 5:

radical polymerization have a highmelt tension because of their
complicated long-chain branched structures, and show good
shaping processability such as small neck-in, thereby finding

5 various uses. However, shaped articles therefrom still have
low mechanical strength properties such as tensile strength,
tear strength and impact resisﬁant strength. Further, these
polymers show poor high-speed film-forming properties in T-die
extrusion.

10 [0004]

In contrast to LDPE, Ziegler-catalyzed or
metallocene—catalyzed ethylene polymers possess high tensile
strength, tear strength and impact resistant stréngth due to
their molecular structures, and they‘ére used in applications

15 requiring mechanical strength. However, these polymers have
a low melt tension and consequent poor shaping processability.
[0C05] |
To solve these problems, [1] LDPE is blended with a
Ziegler-catalyzed or metallocene-catalyzed ethylene polymer
20 (Patent Document 1); [2] the molecular weight distribution is
broadened by multistage polymerization (Patent Document 2);
[3] a long-chain branched ethylene polymer is produced with
a chromium catalyst; [4] a long-chain branched ethylene polymer

is produced with a specific metallocene catalyst (Patent



JP-A-H04-213306 Patent Document 6: JP-A-H09-227626 Patent Document 7: JP-A-H04-506372
Patent Document 8: JP-A-H07-252311 Patent Document 9: JP-A-2006-2057 20

Document 3); [5] macro monomers are copolymerized with use of
a specific metallocene cétalyst to give a long-chain branched
ethylene polymer (Patent Document 4); or [6] ethylene ami diene
are cbpolymerized.with use of a specific metallocene catalyst
5 to.afford a long-chain branched ethylene polymer (Patent
Documents 6 and 7). However, thexnethéd.[l] greatly increases
costs in the blending of the polymers, and the ethyléne polymers
obtainea by the methods [2], (3], [4] and [5] have a small number
of long-chain branches and do not have a sufficient melt tension

10 or shaping érocessability. Further, the method {6] can
deteriorate mechanical characteristics inherent to polymers
or can resﬁlt in gelation when_the diene is used in large
amounts.

[0006]

15 Patent Documents 8 and 9 teach the Llse of two or more kinds
of metallocene compounds or organometallic complexes in order
to produce more long-chain branches or to increase the melt
tension. However, the number of long-chain branches is still
insufficient and problems remain in terms of shaping

20 processability. Further, the catalytic activity is far below
the industrial level.

[0G0O7]
As discussed azbove, it has been difficult to produce

resins having high melt tension and excellent mechanical



SUMMARY OF THE INVENTION [0010] The present invention has been made in view of the

~ background art as discussed above. It is therefore an object 7 of the invention to provide bridged
metallocene compounds for olefin polymerization that can afford with high polymerization activity a
relatively low molecular weight olefin polymer (magromonomer) having a higher proportion of terminal
double 5 bonds than produced by conventional metallocene compounds. It is another object to provide
olefin polymerization catalysts containing the bridged metallocene compounds, in detail olefin

polymerizatiarenatelysis: thas 6as Catalyzeawith Bighrpalunerization ativity thesprogduction of olefin

polymers 10 having high melt tension, excellent mechanical strength and good particle properties, and

to providecpelyretization pteressos Hsing thenetaly sis. Hiis Adyrietr ohiect.of the inyeption to provide

ethylene homopolymers or copolymers that have good processability and particularly excellent
mechanicabta siretpth cempawshiorconventienalethylen %%ngggOﬁn%%g@/gdeesthggpoplastic

resin compositions containing the polymers. It is a still further object to provide shaped articles or films

that are obtaigacfrenpibepedtraens0r the therqmopiastic resil £ORPOsiions, QP gyide laminate

films 20 including the films. Furthermore, the invention has an object of providing ethylene
homépolyneeriszar opdlymers:taatthave gosskresassability a9¢gasy-pReniggropeties compared to
conventional ethylene polymers, and thermoplastic resin compositions containing the ethylene
polymersilidsa st 28 fusthedabjectaf the invention to provide shaped articles or films that are
obtained from the polymers or the thermoplastic resin compositions, or to provide laminate films
including flee fils. 5[00111 A bridged metallocene compound according to the present invention
is represented by Formula [1] below: [0012] R2 R3 - 10[0013] wherein R', R2, R3 and R4 are

selected from a h@ldeogelﬁanm/@@mgﬂa@ﬂsgwai@igogsqgggm%gqqp%.c_{}‘qg%rgﬂ%gn-containing
groups and halogen-containing groups and are the same or different from one another; 121, R2, R3
and materials, the polymers require mechanical strength such as
10 heat seal strength or pack breakage strength to protect the
contents. However,packagingnmterialsthatareeasilyopened
(have easy openability) attract attention out of consideration
for elderly people, infants and disabled people. One of the
approaches for easy openability is to appropriately weaken the
15 heat seal strength at the sealed portion. Accordingly, there
is a need for ethylene polymers having appropriately low heat
geal strength.
[0009]
The present inventors studied diligently in view of the
20 problems in the art as describe above. They have then found
. that a single or plural kinds of bridgedinetallocené compounds
having differing cyclopentadienyl-derived groups can afford
macromonomers that are a source of long-chain branches and can

simultaneously catalyze the repolymerization of the



15 R4 are not all hydrogen atoms and at least one of these groups is an ethyl group or a group
represented by any of Formulae [2] to [7] below; neighboring substituent groups among RI to R4 may
be linked together to form an aliphatic ring; Ql is 9 selected from C1-20 hydrocarbon groups,
halogen-containing groups, silicon-containing groups, germanium-containing groups and tin-containing
groups; X independently at each occurrence is a grdup selected from a hydrogen atom, halogen 5
atoms, hydrocarbon groups, halogen-containing groups, silicon-containing groups, oxygen-containing

groups, sulfur-containing. groups, Bitipgep;coniang groyps and phosphorus:copiaiping:groups; and
M is a titanium atom, a zirconium atom or a hafnium atom; 10[0014] R7 R9 | D--C C R8 R10 [0015]

RiIR13 11 -CE 4L ELRIZRIAIQOAE): RIRRINRALG Gl LA RFRIOJ0QL b usion,

emall take-up surge and superior mechanical strength or olefin
polymerg having small neck-in in the T-die extrusion, small
5 take-up surge and easy opening properties. Such compounds as
olefin polymerization catalysts and polymerization progegses
using the compounds have been found to be capable of
efficiently producing the olefin polymers as described above.
The present inventicn has been completed based on the findings.
10
Patent Document 1: WO 99/04632%
Patent Document 2: JP-A-HO02-53811
Patent Document 3: JP-A-H04-213306
Patent Document 4: JP-A-H08-502303
15 Patent Document 5: JP-A-H04-213306
Patent Dccument 6: JP-A-H0S-227626
Patent Document 7: JP-A-HO04-506372
Patent Document 8: JP-A-HO07-252311
Patent Document 9: JP-A-2006-2057
20
SUMMARY OF THE INVENTION
[0010]
The present invention has been made in view of the

background art as discussed above. It is therefore an object



[0018] R" R7 R9 111 -T-C-C--H 111 R16 Rs R10 5 [0019] R11 R15 R13-C W C H 11 R11 R16 R14
[0020] wherein R7 to R16 are selected from a hydrogen atom, 10 hydrocarbon groups,
silicon-containing groups, heteroatom-containing groups and halogen-containing groups and are the
same or different from one another, but they are 1A not aryl groups; D and E are each a divalent
heteroatom; G and L are each a trivalent heteroatom; and T and W are each a tetravalent -heteroatom
or a carbon atom. An olefin polymerization catalyst (a) according to the 5 present invention

comprises the fallawitg componants fAyaae (6316024 m&omponest (A):dhg bridaed meatallocene
compound represented by Formula (1) above; 10[0022] Component (C): at least one compound

selected fsamfithe groupmweonsisting ofi t hatcdlwrganeretalicicampoupds (aresented by Formulae
[11], [12] and [13] below;

activity a relatively low molecular weight olefin polymer
{macromonomer) having a higher proportion of terminal double

5 bondsthanproducedknrconventionalmetallocenecompoundé. It
is anothef object to provide olefin polymerization catalysts
containing the bridged metallocene compounds, in detail olefin
polymerization catalysts that can catalyze with high
polymerization activity the production of olefin polymers

10 having high melt ténsion, excellent ﬁechanical strength and
good ?article properties, and to provide poclymerization
processeé using the catalysts. It is a further object of the
invention to ﬁrovide ethylene homopolymers or copolymers that
have good processability and particularly excellent mechanical

15 strength compared to conventicnal ethylene polymers, and to
provide thermoplastic resin compositions containing the
polymers. It is a still further object to provide shaped
articles or £ilms that are obtained from the polymers or the
thermoplastic resin compositions, or to provide laminate films

20 including the filmg. Furthermore, the invention ha;ts an ocbject
ofprovidingethylenehomopolymersorcopolymersthathavegood
processability and easy-opening properties compared to
conventional ethylene polymers, and thermoplastic resin

compositions containing the ethylene polymers. It is a still



15(c-2) organoaluminum oxy-compounds; and (c-3) compounds that react with the component
(A) to form an ion pair; [0023] RH,Al (ORb9 0[1 1 20[0024] wherein Ra and Rb are each a C1-15
hydrocarbon group and are the same or different from each other; X is a halogen atom.; 0<m.5_3,
0n<3, 0p<3, 01:1<3and m+n+p +q=3; 12 [0085] Ma Ai Ra4l[1 2] [0026] wherein Ma is Li, Na or
K; and Ra is a 01-15 hydrocarbon 5group; [0027] [0028] wherein Ba and Rb are each a 01-15
hydrocarbon group and 10 are the same or different from each other; Mb is selected from Mg, Zn and
Cd; X is @halogen atpre8cr3 ftishantives thilsn2eo proAi glefihaglyemesization satalyst (b)
according to the present invention comprises the following components (A), (B) 15and (C): [0029]
Componeritiifg thesridged seetaliecane eomponadJspiasepted by-hermularhl-ahquet [Q030]

20Component (B): a bridged metallocene compound represented by Formula (14) below; [0031]
resin compositions, or to provide laminate films including the
films.

5 [o011}

A bridged metallocene compound according to the present

invention is represented by Formula [1] below:

[0012]
RZ2 R3
R’ R*
X
Q' Mi’x.
s s o % [1]
10_ [o013]

wherein R', R?, R® and R* are selected from a hydrogen atom,
hydrocarbon groups, silicon-containing groups,

heteroatom-containing groups and halogen-containing groups

and are the same or different from one another; R', R*, R® and

15 R* are not all hydrogen atoms and at least one of these groups

is an ethyl group or a group represented by any of Formulae

[2] to [7] below; neighboring substituent groups among R' to

R* may be linked together to form an aliphatic ring; Q' is



13 [00321 wherein R17 to R20, and R21 to R28 are selected from a hydrogen atom,
hydrocarbon groups, halogen-containing groups, 5 oxygen-containing groups, nitrogen-containing
groups, boron-containing groups, sulfur-containing groups, phosphorus-containing groups,
silicon-containing groups, germanium-containing ggoups and tin-containing groups and are the same
or different from one another; neighboring substituent 10 groups among these groups may be linked
together to forma ring; Q2 is selected from C1-20 hydrocarbon groups, halogen-containing groups,

siIicon-comié.'métag;g@UﬁO%rma@mfgm'gglgh%Bu an [n-containing groups; M is selected from
a titanium atom, a zirconium atom and a hafnium 15 atom; ngd'XC}?r?dﬁ‘eop%%%eﬁﬁ) sfd&chiSEcurrence is

a group sejestegdsron @my@lé@jg%bﬁ@m,m%g%ﬁg, h¥gr19]%g;pfn rgga% halggen-containing
d

groups, silicon-containing groups, 14 oxygen-containing groups, suftur-con i%ﬁ%l %ups,

nitrogen-@fmﬁi@i@gagﬁguQg@ﬂ@gh@&f}p{ﬂgﬁ@g@ﬂ}l@g ggpupgaeg%ﬁgén&' nent (C): at least one

compound selected from the group consisting of: 5(c-1) organom IC qomB’oJ’h sei%ﬁrkésented by

Formulaed 3l {208 [2Q] helows (65 ganaakumi XY/~ ounds; and c-4) compounds
that react with the components%a%dz%é))ito form g}%éﬁﬁ%%&%? F?Iétr%f&r (Cljlﬂé)ol‘-ﬁ']%1 [8 [0034] |

wherein Racand |e)1are £86R Aok 1o hydrecarban gg&Hp_%gre.the same or different from each

other; X is a halogen atom; 150cm53, 05.n<3, 0p<3;0.5..g< and m +n grpof}as:’ 3; [0035]
silicon-containing groups, oxXygen-containing groups,
sulfur-containing groups, nitroganucontaining groups and

phosphorus-containing groups; and M is a titanium atom, a

Zirconium atom or a hafnium atom;

10 [0014]
R” R®
R® R
[0015]
RH RTS
P
%12 R™ .. [a]



Ma Al R3. . .[19] [0036] wherein Ma is Li, Na or K; and Ra is a C1-15 hydrocarbon 20 group; [0037] 15
'Zarin') 1102 0 [0038] wherein le and Rb are each a C1-15 hydrocarbon group and are the same
or different from each other; Mb is selected from Mg, Zn and Cd; X is a halogen atom; (Dcr82, 05_sfl,
0.t8landr+s+t=2. The olefin polymeriz&ion catalyst (b) may further contain a solid carrier
(S). In an embodiment, such olefin polymerization catalyst may comprise a solid catalyst 10
component (K1) comprising the solid carrier (S), the component (C) and the component (A), and a
solid catalyst c negatA{K2)¢8mprising the solid carrier (S), the component (C) and the component
(B). In another%%sodi ent, h olefin polymerization catalyst may comprise a solid catalyst 15
component (1(3} compnsing the solid carrier (S), the component (A), the component (B) and the
componert¢e) (o391 —H+EDrmtpd(1), at least one of R', R2, R3 and R4 is preferably a
hydrocarbon group. Th comanent (C) is 20 preferably an organoaluminumoxy-compound. The solid
carrier (8) is preferably goro s]%xide. [0040] A process for producing ethylene polymers according to
16 the present inventidm com Nses homopolymeriziig4thylene or polymerizing ethylene and a C3-20
olefin in the presence of any of the olefin polymerization catalysts described above. [0041] 5An
ethylene potynér (i) according to the present

R‘H R‘!S R13

N

C‘E L (!3 H

R R e [5]
foo1s]

R15 R7 RQ

]

.

] R'iﬁ R8 R'S[} e [6]

0019}

Tﬂ FFTS T??)

C—W-—C—H

.

Rﬁ R16 pt4 e [T
[0020]
wherein R’ to R*® are selected from a hydrogen atom,
10 'hydr.ocarbon groups, silicon-containing groups,
heteroatom-containing groups and halogen-containing groups

and are the same or different from one another, but they are



invention is obtained by homopolymerizing ethylene or copolymerizing ethylene and a C4-10 a-olefin
in the presence of the olefin polymerization catalyst (b) and satisfies the following requirements [1] to
[5] at the same time: 10[1] the melt flow rate (Mn) as measured at 190C under a load of 2.16 kg is in
the range of 0.1 to 100 g/10 min; [2] the density (d) is in the range of 875 to 970 kg/m3; [3]
the ratio [MT/qg* (g/P)] is in the range of 1.50x 10-4 to 9.00 x 10-4 wherein [MT (g)] is the melt tension
at 190C 15 and [I* (p)] is the shear viscosity at 200C and an angular velocity of 1.0 rad/sec; [4] per
1000 carbortatomyd, thedotss of nethyll BranehesEH0A0GN-ane sthyl branchesdB (/H0Q0,€)], [(A+ B)
(/2000 C)], is not more than 1.8 according to 13C-NMR; 20[5] the zero-shear viscosity at 200C [no (P)]
and the weightavesage motecilax Wweight{MuermeasuredyGRCadscametss (GRE1VISCO) satisfy
Equation (Eg-1) below: [0042] 17 0.01x10-13xm10 .4,5x10-13xmw3.4 (Eqg-1) [0043] An ethylene
polymer (tipaccordihgrio the: praseat e ntoriscehtaine ddydwmopolymerizing ethylene or 5
copolymerizing ethylene and a 04-10 a-olefin in the presence of the olefin polymerization catalyst (b)
and satisfies the fotlovieg tequirehyenis {Hde {Ghatdhe samettimea:) [ 1 theomeltfigwe este (Mn) as
measured at 190C under  aload of 2.16 kg is in the range of 0.1 to 100 g/10 min; 10[2] the density
(d) iin thveresgetofiSiitetord Ahkgiond f3]tbe ratie [FIIN'HgiR)isciontbefiamnges of 2.50xA4@- to 9.00 x
10-4 wherein [MT (g)] is the melt tension at 190C and [11* (P)] is the shear viscosity at 200C and an
angular vefocity of 1.0 rad/sec; 15[4] per 1000 carbon atoms, the total of methyl branches [A (/1000 C)]
and ethyl branches [B (/1000[(A + B) (/1000 C)1, is not more than 1.8 according to 13C-NMR,; [5]
the zero-dl¥eEr Miscosity at 200C [110 (P)] and the weight average molecular weight (Mw) measured by

Component (A): the bridged metallocene compound

represented by Formula (1) above;

10 [0022]

Component (C): at least one compound selected from the
lgroup consisting of:
(c-1) organometallic compounds represénted by Formulae
[11], [12] and [13] below;
15 (c-2) organcaluminum oxy-compounds; and
(c-3) compounds that react with the component (2) to form
an ion pair; |

[0023]

Re AL (OR®) , H, X, «+++[11]

1 g

20 [0024]
wherein R* and R® are each a Ci-15 hydrocarbon group and
are the same or different from each other; X is a halogen atom;

O<m=3, 0=<n<3, 0<p<3, 0=g<3 and m + nn + p + g = 3;



20 GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below: [0044] 0Ax1013x v714.-4.50x10
XMw3.4 --- (Eg-1) 18 [0045] [6] a molecularlv&eight distribution curve obtained by GPC shows a
molecular weight at a maximum weight fraction (peak top M) in the range of 1.0 x 104'5 to 1.0 x 104'5.
5[0046] An ethylene polymer (iii) according to the present invention is obtained by
homopolymerizing ethylene or copolymerizing ethylene and a C4-10 a-olefin in the presence of the
olefin polgﬁrz%ejig?tion catalyst (b) and satisfies the 10 following requirements [1] to [6] at the same time:
[1] the melt flow rate (MFR) as measured at 190C under a load of 2.16 kg is in the range of 0.1 to 100
0/10 min; [2] the density (d) is in the range of 875 to 936 kg/m5; [3] the ratio [MT/r( (g/P)] is
in the rangﬁsgf 2.?;0)@ 1@2};3&15 to 9,00 x 10-4 hi:r m IMT (g)] is the melt tension at 190C and [fI* (P)] is
the shear.Viscosi a} C and an angular vel i?gloif 1.0 rad/sec; [4] per 1000 carbon atoms,
the total of methyl branches [A (/1000 C)] and ethyl branches [B (/1000 C)], [(A +B) (/1000 20 C)], is
not more than 1.8 according to 15C-NMR; [5] the zero-shear viscosity at 200C [no (P)] and the
weight a\ﬁ'@rglag molecular weight (Mw) measured by GPC-viscometry (GPC-VISCO) satisfy Equation
(Eg-1) below: [0047] 19 0.01X10 -13 xMw A.4,50x10-13ngv3.4(Eq-q13] [0048] [6] a molecular weight
distribution curve*oitafed By GPcht shBfis Wmole @il Weight af acmaximutd WeigHt Frakion (peak 5
top M) in the range of 1.0 x 104.20 to 1.0 x [0049] An ethylene polymer (iv) according to the present
invehtior?is Obfained by homopolymerizing ethylene or copolymerizing ethylene and a C3-10 a-olefin
in the presence 10 of the olefin polymerization catalyst (b) and satisfies the following requirements [1]
to [5] at the &armk time: [1] the ratio [1'13-4/m3-101 is in the range of 0.30 to 1.00 wherein [M3_4
(moles)] is the content of C3-4 a-olefins and [M3-10 (mo0196)] is the content of C3-10 a-olefins

accordinﬁo@i-W@;R b & Xg e e e i]- 3] .

[0028]
wherein R* and R® are each a C1-15 hydrocarbon group and
10 are the same or different from each other; M is selected from
Mg, Zn and Cd; ¥ is a halogen atom; 0O<r<2, 0<s<l, 0<t=l and r
+ 8 + £ o= 2.
An olefin polymerization catalyst (b) according to the
present invention comprises the following components (A), (B)
12 and {C):
[C029]

Component (A): the bridged metallocene compound

represented by Formula [1] above;
[0030]

20 Component {B): a bridged metallocene compound

represented by Formula (14) below;

[0031]



15[2] the melt flow rate (MFR) as measured at 190C under a load of 2.16 kg is in the range of 0.1 to

100 g/10 min; [3] the density (d) is in the range of 875 to 970 kg/m3; [4] the ratio [MT/if
(g/P)] is in the range of 1.50 x 10-4 to 9.00 x 10-4 wherein [MT (g)] is the melt tension at 190C 20 and
[i* (P)] is the shear viscosity at 200C and an angul@r velocity of 1.0 ad/sec; [5] the zero-shear

viscosity at 200C [10 (P)] and the weight average molecular weight (Mw) measured by 20
GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below: [0050] 0,01X10-13X w3s4<
S4,50x10-13xMW3.41(Eq-1 Q051] 5The ethylene polymers (i to iii) may be blended with other
‘thermoplastic resinB i) givatiiermoplastic resin compositions having excellent processability and
superior mechanical th. The ethylene polymers (i to iii) and the resin compositions containing the
ethylene polqu.qs Ti &,,u may210 be processed with good processability into shaped articles having
excellent mechanical stfength, which are preferably films, and more preferably laminate films
containing the films. [0052] The ethylene polymers (iv) may be blended with other 15 thermoplastic
resins to give thermoejastic resfh’compositions having excellent processability and easy opening
properties. The ethyleke po mErX (iv) and the resin compositions containing the ethylene polymers
(iv) may be pro processability into shaped articles having easy opening 20
properties, whi iIms, and more preferably laminate films containing the films.
ADVANTALZE EJAHE INVENTION 21 [0053] The olefin polymerization catalysts
(a) containing thg llocené compound of the invention can catalyze olefin
homopolym%r;iggano polymetization to provide low 5 molecular weight olefin homopolymers or
copolymers'havingRéfingrease umber of terminal double bonds. [0054] According to the present
invention, macromonomgs can be produced é%]iéieﬁt by polymerizing one or more monomers 10
selected from ethylene and a-olef ins wherein at least one of the monomers is ethylene or propylene,
in the pregence pf the olefin polymerization catalyst (a) containing the bridged metallocene compound.

wherein R* to R?*®, and R*’ to R?*® are selected from a
hydrogenatom,hydrocarbmngroups,halogenwcontaininggroups,
5 oxygen-containing groups, nitrogen-containing groups, |
boron-containing groups,'éulfur—containing groups,
phosphorus-containing groups, silicon-containing groups,
germanigm—contgining'groups and tin—containing’groups and are
thesameorcﬁfferentfrmmoneanother;neighboringsubstitueﬁt
10 groups among these groups may be linked together to form a ring;
0? is selected from C1-20 hydrocarbon groups,
halogen-containing groups, silicon-containing groups,
germanium-containing groups and tin-containing groups; M is
selected from a.titanium atom, a zirconium atom and a hafnium
15 atom; and X independently at each occurrence is a group selected
from a hydrogen atom, halogen atoms, hydrocarbon groups,

halogen-containing groups, silicon-containing groups,



[0055] 15The olefin polymerization catalysts (b) containing the bridged metallocene compound of the
invention can catalyze olefin homopolymerization or copolymerization to provide ethylene polymers
having excellent shaping processability and a large number of long-chain branches. The processes of
the 20 invention can efficiently produce such polyiers. [0056] The ethylene polymers (i to iii) and
the thermoplastic resin compositions containing the polymers can favorably give shaped articles, films
or laminate films containing the films 22 which have small neck-in in the T-die extrusion, small take-up
surge ancbsperiocrrthamalostasrep SThesathfletie PolacB (Vg aB M@ thermoplastic resin
compositions containing the polymers show excellent processability and can favorably give 5 shaped
articles, filirtsrordamirees filis cogtaniay Rise dMAspiticr hava 8as\popeding propediE® SBRIEF
DESCRIPTION OF THE DRAWINGS [0057] 10 Fig.1 M-1. Fig.2 M-4.

Component (C): at least one compound selected from the

group consisting of:
5 (c-1) organometallic compounds represented by Formulae
[18]1, [219] and [20] below;
{c-2) organoaluminum oxy-compouﬁds; and
{¢-4) compounds that react with the components (A) and
(B) to form an ion pair;

10 f0033]
R* A1 (ORY), H, X, o« [18]

[0034]

wherein R® and R® are each a C1-15 hydrocarbon group and

are the same or different from each other; X is a halogen atom;

15 0«m<3, 0fn<3, 0<p<3, 0sg<3 and m + n + P + g = 3;

[0035]

Mt AIR*, - --[10]

[0036]
wherein M* is Li, Na or K; and R*® is a C1-15 hydrocarbon
20 group;

[0037]



Fig. 315M-5. Fig.4 M-6. Fig.5 M-7. 20

10

15

20

15

R* MPR®, X, «»++[20]

[0038]

wherein R* and R® are each a C1-15 hydrocarbon group and
are the same or different from each other; M® is selected from
Mg, Zn and Cd; X is a halogen atom; 0<r<2, 0<s€l, 0<t<1 and r
+ 8 + t = 2. |

The clefin polymerization catalyst (b) may further
contain a solid carrier ($). In an embodiment, such olefin
polymerization catalyst may comprise a solid catalyst
component (K1) comprising the solid carrier (8), the component
(C) and the component (A), and a solid catalyst component (K2)
comprising the solid carrier (S)r'the component (C) and the
component (B). In another embodiment, such olefin
polymerization cétalyst may comprise a sclid catalyst
component (X3) comprising the solid carrier (S), the component
{A), the component (B) and the component (C).

[0039]

In Formula (1), at least one of R*, R? R?® and R? is
preferably a hydrocarbon group. The component (C) is
preferably an organcaluminum oxy-compound. The solid carrier
(8) is preferably a porous oxide.

[0040]

A process for producing ethylene polymers according to



Fig. 6 m-9. PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION [0058] 23
There will be described in detail hereinbelow the bridged metallocene compounds of Formula [1], the
olefin polymerization catalysts (a) containing the bridged metallocene compounds, the olefin
polymerization catalysts (b) containing the bridgedémetallocene compounds of Formula [1] and the
bridged metallocene compounds of Formula [14], the olefin polymerization processes using the olefin
polymerization catalysts (a) or (b), and the ethylene polymers (i to iv) obtained by homopolymerizing or
copolyméhizing €sethyleiteintitel preserinp 0t s oledfinqrdAarizatis hreatglyswl(Bng0039] In the
invention, the term polymerization comprehends not ~ only homopolymerization but copolymerization,
and the teahyigepdlyriey cempralemes amd oalyRora8peiyded butisogahimper $6660] Bridfed
metallocene compounds Bridged metallocene compounds of the invention are represented by
Formula §tishetdivt2@G008&)f 21 yJdgBRirization catalysts described above.
[0041]
5 An ethylene polymer (i) according to the present
invention is obtained'by homopelymerizing ethylene or
copolymerizing ethylene and a C4-10 o-clefin in the presence
of the olefin polymerization catalyst (b) and satisfies the
following requirements [1] to [5] at the same time:
| 10 Elj the melt flow rate (MFR) as measured at 190°C under
a load of 2.16 kg is in the range of 0.1 to 100 g/10 min;
[2] the density (d) is in the range of 875 to 970 kg/m3;
[3] the ratio [MT/n* (g/P)] is in the range of 1.50 x 10™*
to 9.00 x 10™* wherein [MT (g)] is the melt tension at 190°C
15 and [n* (P)] is the shear viscosity at 200°C and an angular
velocity of 1.0 rad/sec;
[4] per 1000 carbon atoms, the total of methyl branches
[A (/1000 C)} and ethyl branches [B (/1000 C)1, [(A + B} (/1000
€)1, is not more than 1.8 according to **C-NMR;
20 [5] the zero-shear viscosity at 200°C [n, (P)] and the
weight average molecular weight (Mw) measured by

GPC-viscometry (GPC-VISCO) satisfy Eguation (Eg-1) below:

[0042]



In Formula [1], M is a Group IV transition metal atom in  the periodic table, specifically titanium,
zirconium or 5 hafnium, and preferably zirconium. [0063] In Formula [1], R1, R2, R3 and R4 are
selected from a hydrogen atom, hydrocarbon groups, silicon-containing groups, heteroatom-containing
groups and halogen-containing groups 10 and ard the same or different from one another; R2, R2, R3
and R4 are not all hydrogen atoms and at least one of these groups is an ethyl group or a group
represented by any of Formulae [2] to [7] below; and neighboring substituent groups among RI to R4
may be linked togetg r to form an aliphatic ring. 15[0064] Examples of the hydrocarbon groups
include Cf@ Kyl ¢ E{qM @3@ cy@%ﬁ% rlﬁjgﬁgﬁdm?-zo ralkyl groups (for example, benzyl
group). Spe?m ?‘)i;lmplesv?ncl&ag%”ét ¥ 2 @grou ;- €ethyl grwr{ﬁﬁ:gt)pyl group, isopropy! group, allyl
group, n-butyl group, t-butyl group, amyl group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl
group, n-npsyhgnoup, n-decanyl group, 3-methylpentyl group, 1,1-diethylpropyl group,
1,1-dimethylbutyl group, 1-methyl-1-propylbutyl group, 1,1-propylbutyl group,

1,1-dimethy1-2-meth\piopy kgroup s h-Hagthyl-L-isop I-2-methylpropyl group, cyclopentyl group,
cyclohexyl group, cyclok?ggtyl groqu, c})r//?:r%octy(/ gsr)gu%%pﬁygr dlo?ﬁlﬁ glr%’up?, %Ia%%?ﬁrg?oup and benzyl
group. 10iG085L t 1 oEXamples:of the silieonx a) 'rglgmL roups.include hydrocarbon-substituted silyl
groups such as trimethylsilyl group, trieth?/?sily g%up,%d?&wreir)lﬁrﬁgth?@p% B6p Ghd |
dimeﬁwylp@ggy,l%&:qm [QQ66); . F ples gf the heteroatom-containing groups include alkoxy
groups, aryloxy groups anlgjggzmino%rgﬁgs )és%r?h aascr%eg%x?; ﬁ’l%ﬁﬁ}@thb&yﬂ?&uﬁ,rm? group,

N-methylamintheraype k;N-di [ -phenylamino group. 20[0067] Examples of
the halogen-containinz gﬁou%gg%%ﬁ%glhga%o%{gfﬁqgt%%s%ﬁdg %al(%[gn-asﬁ%s tePAkSISHr5%8s such as

fluoro grom@l@al@g@lgrqa@q@gq}gglgﬂg),' 0 grou riflupromethyl group,. trifluoroethyl group,
trifluoropropyl 26 group, tri luorobutyl grolll?lp()jjand trilg ﬁorc#t?u%%g%oé& 0 é]me: Neighboring

substituent groups;ameng R.dte R4 maybeddinkedtogether to form an aliphatic ring. Such substituted -
5 cyclopentadienyl groups include te'trahydroindﬂyﬁ%-%I]Setﬁlﬁfae%%ﬁ?/%roalgd&r?ﬁ,°C under

2,2, A-trimethytetrabydroindenyl 4-ghenyltetrahydroindenyl, 2-methyl-4-phenyltetrahydroindenyl, and a
substituted cyclopentadienyl grslgup in which R3 and R4 gr¥e tét’rrgm%e%ﬁé%)e 9710 min; |

10 [2] the density (d) is in the range of 875 to 970 kg/m?;

[3] the ratio [MT/N" (g/P)] is in the range of 2.50 x 10°*

to 9.00 x 107" wherein [MT (g)] is the melt tengion at 195°C

and [ (P)] is the shear viscosity at 200°C and an angular
velocity of 1.0 rad/sec;

15 [4] per 1000 carbon atoﬁs, the total of methyl branches

[A (/1000 C)] and ethyl branches [B (/1000 C)1, [(A + B) (/1000
C)l, is not more than 1.8 according to **C-NMR;

[5] the zero-shear viscosity at 200°C [n, (P)1 and ﬁhe
weight average molecular weight (Mw) measured by

20 GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below:

[0044]
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10 groups linking together to form a ring and 122 and R2 are tetramethylene groups linking together to
form a ring. [0069] In Formulae [2] to [7] below, R7 to 1224 are selected from a hydrogen atom,
hydrocarbon groups, silicon-containing groups, 15 heteroatom-containing groups and
halogen-containing groups and are the same or different from one another, but they are not aryl
groups. Examples of the hydrocarbon groups, the silicon-containing groups, the heteroatom-containing
groups and the halogen-containing groups are as described above. 20[0070] D and E are selected
from divalem4ieteroatoms. Exemplary divalent heteroatoms are an oxygen atom and a sulfur atom. G
and L are selected from trivalent heteroatoms. Exemplary trivalent heteroatoms are a nitrogen atom
and a 27 phospHérus atorhe Tehel\/Waiabdletied: fromiteiravatont hetelvatdms didy/aGREbon atom.
An exemplary tetravalent heteroatom is a silicon atom. [0071] R9 D-C-C[2) 18 RRio [0072] R11R"
-C-E-C-Ri2RizE4A 308 ZI[IR15 RFZIRMH| GtCLCHuk RBIRI4128t fraction (peak
top M) in the range of 1.0 x 10*°% to 1.0 x 10%*°°.
5 [0046]
An ethylene polymer (iii) according to the present
invention is obtained by homopolymerizing ethylene or
copolymerizing ethylene and a C4-10 o-olefin in the presence
of the olefin polymerization catalyst (b) and satisfies the
10 following reguirements [1] te [6] at the same time:
[1] the melt flow rate (MFR) as measured at 190°C under
a load of 2.16 kg ig in the range of 0.1 to 100 g/10 min;
[2] the density (d) is in the range of 875 to 936 kg/m®; -
[3] the ratio IMT/f\" (g/P)] is in the range of 2.50 x 107*
15 to 9.00 x 107" wherein [MT (g)] is the melt tension at 190°C
and [n" (P)] is the shear viscosity at 200°C and an angular
velocity of 1.0 rad/sec;
[4] per 1000 carbon atoms, the total of methyl branches
fA (/1000 C)] and ethyl branches [B (/1000 C)], [{(A + B) (/1000
20 C)], is not more than 1.8 according to *C-NMR;
[5] the zero-shear wviscosity at 200°C [ng (P)] and the
weight average molecular weight {(Mw) measured by

GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1l) below:

[0047]



Ril RIs R1 CHRi11R14 E51 [0075]71,77 7T C-C-H Il Rs R10 [0076] [0077] Examples of
the groups represented by Formula [2] include ethoxy group, n-propoxy group, n-buttl)xy group,
isobutoxy group, t-butoxy group, n-pentyloxy group, 2-neopentyloxy group, 10n-hexy o.ﬁy group()), .
n-heptyloxy group, n-octyloxy group, n-nonyloxy gr®dup, n-decanyloxy group, 3, 3,b3 -tlrl Lljlf)rr(])plr rpOu y
group, 4--phenylbutoxy group, ethylsulfanyl group, 29 n-propylsulfanyl group, n- tIthy SllJ any g p,
isobutylsulfanyl group, t-butylsulfanyl group, n-pentylsulfanyl group, 2-neopentylsulfanyl group,
n-hexylsulfanyl grou

5§In-he élsulfanyl group, 5n- ctylsgg‘gnyl group, n-r;gnyllsulr?nyllgroup,
{ i d 44ehe utylsulfanyl group.
R e R e

[0048]
[6] amolecular weight distribution curve obtained by GPC
shows a melecular weight at a maximum weight fraction (peak
5 top M) in the range of 1.0 x 10°2° to 1.0 x 10%-5°.
[0049]

An ethylene polymer (iv) accofding to the present
invention iz cbtained by homopolymerizing ethylene.or
copolymerizing ethylene and a €3-10 o-clefin in the presence

10 of the olefin polymerization catalyst (b) and satisfies the
following requirements {1] to [5] at the same time:

[1] the ratio [M3s.s/Mi_1¢] is in the range of 0.30 to 1.00
wherein [M;, (mol%)] is the conteﬁt of C3-4 g-olefing and [Ms_1q
{(mol%)] is the content of C3-10 a-olefins according to **C-NMR;

15 [2] the meit flow rate (MFR).as measured at 190°C under
a load of 2.16 kg is in the range of 0.1 to 100 g/10 min;

[3] the density (d) is in the range of 875 to 970 kg/m?;

[4] the ratioc [MT/n" (g/P)] is in the range of 1.50 x 10°*
to 9.00 x 10°* wherein [MT (g)] is the melt tension at 1s0°¢

20 and [N" (P)] is the shear viscosity at 200°C and an angular

velocity of 1.0 rad/sec;

[5] the zero-shear viscosity at 200°C [n, (P)] and the

weight average molecular weight (Mw) measured by



00781 Examples of the groups represented by Formula [3] include 10methoxymethy]. group,
ethoxymethyl group, n-propoxymethyl group, n-butoxymethyl group, isobutoxymethyl group,
t-butoxymethyl group, n-pentyloxymethyl group, 2-neopentyloxymethyl group, n-hexyloxymethyl group,
n-heptyloxymethyl group, n-octyloxymethyl group2%5n-nonyloxymethyl group, n-decanyloxymethyl
group, 3,3,3-trifluoropropoxymethyl group, 4-phenylbutoxymethyl group, methylsulfanylmethyl group,
ethylsulfanylmethyl group, n-butylsulfanylmethyl group, isobutylsulfanylmethyl group,
t-butylsulfRgAmethybumstpy n{ER Ty SISt YImetayigrbup F202neopentiigu fanymétwlk group,
n-hexylsulfanylmethyl group, n-heptylsulfanylmethyl group, n-octylsulfanylmethyl group,
n-nonylsuiéergihethyl group, n-decanylsulfanylmethyl group, 3,3,3- trlfluoropropylsu1fany1methyl
group and 4-phenylbutylsulfanylmethyl group. 30 [0079] Examples of the groups represented by

Formula [4] mclude_ll\g ethyI3I\4 ethylamino groug, N-(nggopy1)-N- methylamlno group,
(ethy|)(mé>ﬁ?/)p@@sp wethg d) 5% gauthW methytan@% ;t;
N-(isobutyl)-N-methylamino gr , N-(t-buty1)-N-methylamino gro (n-penty1)-N-methylamino

group, N-(2-neopentyl)-N- methylamlno group, N-(n-hexyl)-N-methylamino group,
N-(n-hepfEldaN-inethylamino 10 group, N-(n-octy1)-N-methylamino group, N-(n-nony1)-N-methylamino
group, N-(n-decanyl)-N-methylamino group, N-(3,3,3-trifluoropropy1)-N-methylamino group,

N-(&phenylbuty TiN-etetihylamnp gtoms 1S5 (dthyd (fethyiphobphivcegdeg, widthydpHosphino group,
(n-propyl)(methyl)phosphino group, (n-butyl)(methyl)phosphino group, (n-propyl)(methyl)phosphino

group, (rebatytherethgiphospisie grogpg 20 ¢isohatyiopeéthy phosplihd groupesitions
(t-butyl)(methyl)phosphino group, (n-pentyl)(methyl)phosphino group, (2-neopentyl)(methyl)phosphino

group, (rkhexyiiamethyhphesphing graus aPL XA Hiepaaimetndphosphies groisa l
(n-octyl)(methyl)phosphino group, (n-nonyl)(methyl)phosphino group, (n-decanyl)(methyl)phosphino

group, 5843;8ndforopitpy|e(piathgishasphirvegreud ant ¢4-phehyibad/)tmetydphosphino group.
[0080] Examples of the groups represented by Formula [5] include N,N-dimethylaminomethyl

group, Nesthgide-htethylandoorhathyl 20 groep eNo-peosy BN-ymstgamindmettiyl hrowy, (ethyl)
(methyl)phosphinomethyl group, N-(n-buty1)-N-methylaminomethyl group,

N-{iSobutya ) - eretss@dinohidthgardupregesss i Nimythirpsinenpgd geatp abes
N-(n-penty1)-N-methylaminomethyl group, N-(2-neopentyl)-N-methylaminomethyl group,
N-(n-hexgBsN-prietieyiaminoendthyegioap 1K h- EpaenN-methlamincrmethprgréapably
N-(n-octy1)-N-methylaminomethyl group, 20 N-(n-nony1)-N-methylaminomethyl group,
N-(n-decBhyT)sN-frreehpardionsdtnyiedrddpl Nn@312: Barflubisp syt hnideehenfibkwshyl group,
N-(4-phenylbuty1)-N-methylaminomethyl group,
{o0os2]
The ethylene polymers (iv) may be blended with other
15 thermoplastic resins to give thermoplastic xésin.compositions
having excellent processability and easy opening properties.
The ethylene polymers (iv) and the resin compositions
containing the ethyleﬁe polymers (iv) may be procegsed with
good pfocessability into shaped articles having easy opening

20 properties, which are preferably films, and mcre preferably

laminate films containing the films.

ADVANTAGEOUS EFFECTS OF THE INVENTION



(ethyl) (methyl)phosphinomethyl group, 32 diethylphosphinomethyl group,
(n-propyl)(methyl)phosphinomethyl group, (n-butyl)(methyl)phosphinomethyl group,
(n-propyl)(methyl)phosphinomethyl group, 5 (n-butyl)(methyl)phosphinomethyl group,
(isobutyl)(methyl)phosphinomethyl group, (t-butylRimethyl)phosphinomethyl group,
(n-pentyl)(methyl)phosphinomethyl group, (2-neopentyl)(methyl)phosphinomethyl group, 10
(n-hexyl)(methyl)phosph nomethyl group, (n-heptyl)(methyl)phosphinomethyl group,
(n-octyl)(niethyBphosphinomethyl group, (n-nonyl)(methyl)phosphinomethyl group,
(n-decanyl)(methyl)phosphinomethyl group, 15 (3,3,3-trifluoropropyl)(methyl)phosphinomethyl group
and (4-phenylbutyijgneshglahosphirarsethybgrodn. L@Q@éhystEXQH‘P'%%@?&E@D%@QW%NM
by Formula [6] include n-propyl group, n-butyl group, isobutyl group, t-butyl group, 20 n-pentyl group,
2-neoperintt Hiaie N/ DERLER 8-hepiyaraup droetyLorouR <RHegy| %@H%Q‘P&E&“{é group,

4,4 A-trifluorobutyl group, 4-phenylbutyl group, ethyldimethylsilyl group, n-propyldimethylsilyl group,
n-butyldiroethtsiy bgreup cisohietyicimetwsil-gruipe 133, L Putyldimethylsig GrouRe 1 oy
n-pentyldimethylsilyl group, 2-neopentyldimethylsilyl group, n-hexyldimethyfsilyl group,
n-heptyldimetbyisiiy:oreup giroctldmaihvisid geaupmaRonidimsibyisid groun, s o
n-decanyldimethylsilyl group, 5 3,3,3-trifluoropropyldimethylsilyl group and 4-phenyﬁ5uty?c’ij|methylsily1
group. [0@82rea sxamples ©f thergrosps Tapresapied y Erpuda [7] include n-propyl group, n-butyl
group, isobutyl group, t-butyl group, 10 n-pentyl group, 2-neopentyl group, n-hexyl group, n-heptyl
group, n-@ctybgroup, n-nonyl group, n-decanyl group, 4,4,4-trifluorobutyl group, 4-phenylbutyl group,
ethyldimethylsilylmethyl group, n-propyldimethylsilylethyl group, n-butyldimethylsilylethyl group, 15
isobutyldimethylsilyleting oreyir.d-butylginetbyisilylethvharaun, nrRentyldimsthylsilylethyl group,
2-neopentyldimethylsilylethyl group, n-hexyldimethylsilylethyl group, n-heptyldimethylsilylethyl group, n
octyldimeteyisiytethykgrotip.1 208 nenyidimethyisilyieth graune nlecanyldimethylsilylethyl group,
3,3,3-trifluoropropyldimethylsilylethyl group and 4-phenylbutyldimethylsilylethyl group. [0083] 34 In a
preferrecsenbedisent - BhiaR#pre selegter fomna Rydroogn atom,; hydrocarhan groups and

halogen-containing groups, and at least one of Rl to R4 is a hydrocarbon group. In"a moré preferred
embodinein, i2htmR4are casty hydogen Batasy 0ead1-15 hydioearban graup.4nga still more
preferred embodiment, three substituent groups of Rl to R4 are hydrogen

olefin polymerization catalyst (&)} containing the bridged

metallocene compound.
[0055]

15 The olefin poclymerization caﬁélysts (b) containing the
bridged metallocene compound of the invention can catalyze
clefin homopolymerization or copolymerization to provide
ethylene polymers having excellent shaping processability and
a large number of long-chain branches. The processes of the

20 invention can efficiently produce such polymers.

[0056]
The ethylene polymers (i to i1ii) and the thermoplastic
resin compositions containing the polymers can favorably give

shaped articles, films or laminate films containing the films



atoms and the other is a C1-15 hydrocarbon group. In a particularly preferred embodiment, three
substituent groups of RI to R4 are hydrogen atoms and the other is a 03-15 10 hydrocarbon group.
[0084] In Formula (1), Q is a divalent group linking the two ligands and is selected from 01-20
hydrocarbon groups such as alkylene groups, sul&tituted alkylene groups and alkylidene 15 groups;
halogen-containing groups ; silicon-containing groups ; germanium-containing groups; and
tin-containing groups. [0085] Examples of the alkylene groups, substituted alkylene groups and
alkylidenelgiotps £aehshaying letol20i earhort atorms 2Ddnelude adiddene greils suelrasimethylene,
ethylene, propylene and butylene; substituted alkylene groups such as isopropylidene, '
diethylmethylpae rdipsopdmethyleee Hdiisopeap W medndene, ditmityleetylens: melhytatmdmethylene,
methylbutylmethylene, 35 methyl-t-butylmethylene, d hexylmethylene, dicyclohexylmethylene,
methylcy¢liohexyhndettiyte neh metbyiphemimetiaddne cdipitenyimétyle ey dttalyhmethylene,
methylnaphthylmethylene, dinaphthylmethylene, 1-methylethylene, 51,2-dimethylethylene and
1-ethyl-2pmetmpethylenewcysloalkykdene grotmsstich astoy capt opyhd €ae,cyslnbytyidese,
cyclopentylidene, cyclohexylidene, cycloheptylidene, bicyclo[3.3.1]nonylidene, norbornylidene,
adamantylidene] tetralhydresaplithy/fide ne- ahakdibypdreintdiahyikd ere; tanthalkylidere $6 graups such as
ethylidene, propylidene and butylidene. [0086] Examples of the halogen-containing groups include
groups cdrigsponding tedky abovam alkylepeaqreups ssibstituted alkylene groups and alkylidene
groups or silicon-containing groups except 15 that at least one hydrogen atom is substituted with an
appropriate halogen atom. Specific examples include bls(trlfluoromethyl)methylene

4,4 4-trifluorobutylmethylmethylene, bis(trifluoromethyl)silylene and

2044, A-giRuanbuBACRIBSiIgNeF[O0BE ] DRAEXMAPIes of the silicon-containing groups include
silylene, methylsilylene, dimethylsilylene, 36 diisopropylsilylene, dibutylsilylene, methylbutylsilylene,
methyl-t-batyisilylene, dioyclohexylsilylene, methylcyclohexylsilylene, methylphenylsilylene,
diphenylsilylene, ditolylsilylene, methylnaphthylsilylene, dinaphthylsilylene, cyclodimethylenesilylene,
cyclotrimethylengsidylene, iy chotetFamethylenesityleng cdyciope ntdr ethykehesilylBremp le
cyclohexamethylenesilylene and cycloheptamethylenesilylene. Examples of the germanium- or
tin-contalihilg groups include groups corresponding to the

Fig. 2 is a GPC chart of a polymer obtained in Example

M-4
Fig. 3 is a GPC chart of a polymer obtained in Example

15 Mws;
Fig. 4 is a GPC chart of a polymer obtained in Example

M-6
Fig. 5 is a GPC chart of a polymer obtained in Example

M- 7
20 Fig. 6 is a GPC chart of a polymer obtained in Example

M-S

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION

{0058]



10 above silicon-containing groups except that the silicon is replaced by germanium or tin. [0088]
Alternatively, QI may have a structure represented by Formula [8] or [9] below: 15[0089] [0090] AY
L9 [0091] In the above formulae, Y is selected from a carbon atom, a silicon atom, a germanium
atom and a tin atom; R5 and R6 are 5 selected fréi a hydrogen atom, hydrocarbon groups,
silicon-containing groups, heteroatom-containing groups and halogen-containing groups and are the
same or different from each other ; A indicates a C2-20 divalent hydrocarbon group which may have

an unsaturated bang A Way have s erm0eg ring d0stiructuesdoclusive of the E%Q%I@”di by A and
Y; and the black dots (e) indicate bonding points with the substituted cyclopentadieny gqroup and the

cyclopentpdieayt@rospe[0882bounds I Forpuiag 8] %Gé [91.Y,is preferaply a carbon atom 15 or a
silicon atom, and is particularly preferably a silicon atom. [0093] Examples of the hydrocarbon

groups, theosifjern-centaining gwupsyibedietaratmconainigg Qﬁ%u%%g%the

halogen-containing groups indicated by R5 and R6 in 38 Formiula [8] includé similar groups as

represenieddy1RbcRARHaRGRAGO] tbﬁ@wi@ﬁaﬁp%mei%{é%grgggaﬁﬁlg@@%ﬁyl group,
ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, t-butyt group, H-pentyl

group, cyclopeaiyh g KXCBheN SE0UR: €33IPBERYLILR, RIS ILQURs K1:1RlyLOTeyR and p-tolyl

group are preferable, and methyl group, chloromethyl group, n-butyl group, n-pentyl group and phenyl

group arespartictlerly prefguedm094h tla-Formwia Bl a £2:2Q diyalent hygrocagbon group
which may have an unsaturated bond, and Y and A together form
olefin polymerization processes using the olefin
polymerization catalysts (a) or (b), and the ethylene polymers
(i to iv) obtained by homopolymerizing or copolymerizing
10 ethyleneinthe;mesenceofthec&efinpolymérizatiancatalysts
(b} .
[0059]
Intheinvention,thetermpolymerizationcomprehendsnot
only homepolymerization but copolymerization, and the term
15 polymer comprehends not only homopolymer but copolymer.

[0060]

Bridged metallocene compounds

Bridged metallocene compounds of the invention are
represented by Formula [1] below:

20 [ocoel]



a ring such as 1-silacyclopentylidene group. In the specification, the 1-silacyclopentylidene group is
represented by Formula [10] below: 15[0095] os( [0096] In Formula [10], the black dots (*) are as
described in Formula [9] . 20The group A may have two or more ring structures inclusive of the ring
formed by Aand Y. 39 [0097]  Preferred grougs indicated by Q1 include alkylene groups,
substituted alkylene groups, alkylidene groups, halogen-containing alkylene groups,
halogen-containing 5 substituted alkylene groups, halogen-containing alkylidene groups,
silicon-contair) grOLR and halogen-containing silicon-containing groups each having 1 to 20 carbon

particularly prefg B, 10[0098] In Formula (1), X independently at each occurrence is an atom or
R drogen atom, halogen atoms, hydrocarbon groups, anionic ligands and
neutral ligands capable of coordination through lone-pair electrons, and the 15 plurality of X may be

the same or diffefent frog ther. [0099] Examples of the halogens include fluorine, chlorine,
bromine and ioghe. 3ify mples of the hydrocarbon groups are as described hereinabove.
20[0100] Yo, of the anionic ligands include alkoxy groups and aryloxy groups such
as methoxy, t -bujoxy Xy; carboxylate groups such as acetate and benzoate; and sulfonate
groups such as mgsyfate and tosylate. 40 [0101] Specific examples of the neutral ligands capable

h lone-pair electrons include organophosphorus compounds such as
] ® » hd E 1 ]

[0062]

In Formula [1]1, M is a Group IV transition metal atom in

the periodic table, specifically titanium, zirconium or
5 hafnium, and preferably zirconium;
(00863]

In Formula [1], R', R?, R® and R*! are selected from a
hydrogen atom, hydrocarbon groups, silicon-containing groups,
heterovatom-containing groups and halogen-containing groups

10 and are the same or different from one another; R*, R?, R® and
R* are not all hydrogen atoms and at least one of these groups
ig an ethyl group or a group represented by any of Fbrmulae
[2] to [7] below; and neighboring substituent groups among R*
to R* may be linked together to form an aliphatic ring.

15 [o064]

Examples of the hydrocarbon groups include C1-20 alkyl
groups, C3-20 cycloalkyl groups and C7-20 aralkyl groups (for

example, benzyl group). Specific examples include methyl



5 triethylphosphine, triphenylphosphine and diphenylmethylphosphine; and ethers such as
tetrahydrofuran, diethyl ether, dioxane and 1,2-dimethoxyethane. Preferably, at least one X is a
halogen atom or an alkyl group. [0102] 10In a preferred embodiment, at least one of RI, R2, R3 and
R4 in Formula [1] is selected from the ethyl group2fhe groups represented by Formula [6] and the
groups represented by Formula [7]. In a more preferred embodiment, one of RIl, R2, R3 and R4 is
selected from the ethyl group, the groups of Formula [6] 15 and the groups of Formula [7], and more

preferablyg%z,@pRSQs_@@cée&{ggm tﬂeﬁygﬂ foup,. dh groups repres nted by Formula [6] and the
groups represented by Formula [7]. In a partlcglar%}pre%a'rredgegrﬁ g’(ﬁ%feng%? Rséfectéd from the

ycrogen Stome (01051 Spemt exaals pFiha WAneh ot MEta Bbrip e do 12 tBnponents
ge§1222§§?nti%é2%|E%%%%%E%da;%y%ygEtm%?o]ﬁe%eégg’r% paUnde A a\ﬂﬁé} %ﬁy_é][kﬁé r?élﬁl’_oup as the
St
(S-gt_hylcym’gigfg/rgzirco%m(%ﬁ%h ori gg eﬁ%léﬁ%&n&&gﬁ?ﬁégﬁ%ﬁ%% clfgpgntad_ier)llyl)
%‘idﬁ%%?i %‘%@rﬁ g cgag,entyl group,

ethylene(cyclopentadienyl)(3-n-pentylcyclopentadienyl) zirconiu ‘dicRIoH

ethylene(eyejcnmmag-ieng&&%ﬁ;h@gytcyéi'?@ﬁEﬁﬁﬁiegfié’é)égﬁ?or&%:%}%mg%gz’group,

ethylene(cyclopentadienyl) (3-n-octylcyclopentadienyl) zirconiim

ethylene(eyaibpenigdiegyh 2 (3dndec iop&n%’egggirﬁg iy dichloride,
ethylene(cyclopentadienyl)(2,3-dimethylc%plopentadlenyl) zircor%ughdigﬁl%ﬁge’,
ethytene(¢ydepentadienyl) (214-dimethylcyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadienyl)(2,5-dimethylcyclopentadienyl) 42 zirconium dichloride,

ethylene(cyclopensadiendl(3:4-dimethylcyslopentadianyzitconium dichloride. .,
ethylene(cyclopentadienyl) (3,4-di-n-propylcyclopentadienyl)glgr)%:o |u%u8igéhﬁ)%%3é}1§ &

ethylenefeyaiopeatapiany (4 di-vduscyslopantadisnyl) zirgapiumdichlorid ,
ethylene(cyclopentadienyl) (2,3-ethylmethylcy%pgntfg%nyl)zircon%sm_%?&T&%@f 1silyl

ethylenegyolepentadlienyh 24 iyiraetbylisyclenepiadipnylaitconim Jichigride, 10
ethylene(cyclopentadienyl)
dimethylphenylsilyl group.
15 | [0066] |
Examples.of the hetercatom-containing groﬁps include
alkoxy groups, aryloxy groups and amino groups such asg methoxy
group, ethoxy group, phenoxy group, N-methylamino group,
N,N-dimethylamino group and N-phenylamino group.
20 [0067]
Examples of the halogen-containing groups include
halogen atoms and halogen-substituted alkyl groups such as

fluore group, chloro group, bromo group, iodo. group,

triflucromethyl group, trifluorcethyl group, trifluoropropyl



(2,5-ethylmethylcyclopentadienyl)zirconium dichloride, ethylene(cyclopentadienyl)
(3-methyl-4-n-propylcyclopentadienyl)zirconium dichloride, ethylene(cyclopentadienyl) 15
(3-methy1-4-n-butylcyclopentadienyl)zirconium dichloride, ethylene(cyclopentadienyl)
(2,3,4-trimethylcyclopentadienyl)zirconium dichloride, ethylene(cyclopentadienyl)
(2,3,5-trimethylcyclopentadienyl)zirconium dichloride, 20 ethylene(cyclopentadienyl)
(2,5-dimethy1-3-n-propylcyclopentadienyl)zirconium dichloride, ethylene(cyclopentadienyl)
(2,5-dimethpis3; n-butyicyelopsibtadienydiziscenidradickotua, atbyenefcyglopentadienyl) 43
(tetramethylcyclopentadienyl)zirconium dichloride, ethylene(cyclopentadienyl)
(2,5-dimgthyk-814-di-n-propylcyclopentadienyl)zirconium dichloride and ethylene(cyclopentadienyl)
5(2,5-dimethy1-3,4-di-n-butylcyclopentadienyl)zirconium dichloride; bridged asymmetric
metallocene compeoLgas having sugubstittitethallgtensgranpas thiedhsidging gnodp, stk as
isopropylidene(cyclopentadienyl)(2-methylcyclopentadienyl) 10 zirconium dichloride, '
isopropylidenefeyciopentatheny|k (3-akimteyciopeniadieny zikcon s gichtarided
isopropylidene(cyclopentadienyl)(2-ethylcyclopentadienyl) zirconium dichloride,
isopsopylideretexatapeniadienyy ety cyalopadiadienyh airsaniumdiehigride, 15
isopropylidene(cyclopentadienyl) (2-n-propylcyclopentadienyl)zirconium dichloride,
isopropybdenef tyclapentactiemdy (2 adylcydopentadie iy pitcphitwt dichiegifle indeny 1,
isopropylidene(cyclopentadienyl) 20 (3-n-propylcyclopentadienyl)zirconium dichloride,
isopropylidesteéeyel apeniadiedh (Raduylcyclopentadienyl)zirconium dichloride,
isopropylidene(cyclopentadienyl) (3-n-pentylcyclopentadienyl)zirconium dichloride, 44
isopropy kdenef eyclopentaciamy ) = mrdiexleyd apgentadienybzircongib slichtorided
isopropylidene(cyclopentadienyl) (3-n-octylcyclopentadienyl)zirconium dichloride, 5
isopropyligereteyatopeniadieny|y (b amsetyloylb panttianyd) Zt oniem whehtande; hy 1 ene
isopropylidene(cyclopentadienyl) (2,3-dimethylcyclopentadienyl)zirconium dichloride,
isopoopytideneteyclapsoiadie ny 2824~ dinnetByleyclapentadieaylizirccoring dichloride,
isopropylidene(cyclopentadienyl) (2,5-dimethylcyclopentadienyl)zirconium dichloride,
isopropytidenef epctopentadie aytd (§4-dinhethyicy clopgatadenyt) zirdanttmadichierde, 15
isopropylidene(cyclopentadienyl) (3,4-di-n-propylcyclopentadienyl)zirconium dichloride,
isopropylideref¢yclopentadienyl) (3,4-di-n-butylcyclopentadienyl)zirconium dichloride,
isopropylidene(cyclopentadienyl) 20 (2,3-ethylmethylcyclopentadienyl)zirconium dichloride,
isopropylidene(cycloperntadieny|)l (2] 4 ethyiniethyltyeioprhtadiehifl) zirco riemediciidride;om
isopropylidene(cyclopentadienyl) (2,5-ethylmethylcyclopentadienyl)zirconium dichloride,

a hydrogen atom, hydrocarbon groups, silicon-containing groups,

15 heteroatom-containing groups and halogen-containing groups
and are the same or different from cne aqother, but they are
not aryl groups. Examples of the hydrocarbon groups, the
gilicon~containing groups, the hetercatom-containing groups
and the halogen-containing groups are as described above.’

20 [0070]

D and E are selected from divalent hetercatoms.
Exemplary divalent heterocatoms are an oxygen atom and a sulfur
atom. G and L are selected from trivalent heteroatoms.

Exemplary trivalent heterocatoms are a nitrogen atom and a



45 isopropylidene(cyclopentadienyl) (3-methyl-4-n-propylcyclopentadienyl)zirconium dichloride,
isopropylidene(cyclopentadienyl) (3-methyl-4-n-butylcyclopentadienyl)zirconium dichloride, 5
isopropylidene(cyclopentadienyl) (2,3,4-trimethylcyclopentadienyl)zirconium dichloride,
isopropylidene(cyclopentadienyl) (2,3,5-trimethyld/€lopentadienyl)zirconium dichloride,
isopropylidene(cyclopentadienyl) 10(2,5-dimethy1-3-n-propylcyclopentadienyl)zirconium dichloride,
isopropylidene(cyclopentadienyl) (2,5-dimethy1-3-n-butylcyclopentadienyl)zircon um dichloride,

isopropyligene(syelepentadieny!) (tetenaetylcyelopentadienyhzircaniym dichlaric
isopropylidene(cyclopentadienyl) (2,5-dimethy1-3,4-di-n- propylcyclopentad|enyI)Z|rcon|um dichloride

and isopropyidesateyslopanadienydr (2:5-dirpsthy1-34- @saé%#y&?y glopentadienylzifconium

dichloride; and 20bridged asymmetric metallocene compounds ‘having a silicon-containing group as
the bridgihg geatgr sueh ag dinethylsiiyenglcyglopentadienyl) (2-methylcyclopentadienyl)zirconium
dichloride, dimethylsilylene(cyclopentadienyl) 46 (3-methylcyclopentadienyl)zirconium |chlor|de
dimethylsilylene(cyclopentadienyl) (2-ethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) 5 (3-ethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) (Zgn-propylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentgdienyl) n butylcyclopentadienyl)zirconium dichloride, 10
dimethylsilylene(cyclopentadienyl) {3-n-propylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) {3-n-butylcyclopentadienyl)zirconium dichloride,
dlmethylsrty’rwre(c@rlupen@dmb%{p{sntylcyclopentadleqyggzc nium dichloride,
dimethylsilylene(cyclopentgadienyl) (3-n-hexylcyclopentadienyl)zir dichloride,
dimethylsiIylene(cyclopentgdienyl) 3-n-octylcyclopentadienyl)zirconium dichloride, 20
dimethylsilylene(cyclopengga&enyl -decylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) (2,3-dimethylcyclopentadienyl)zirconium dichloride,
dime‘:_thylsiIylene(cyclopentadienyl) 47 (2,4-dimethylcyclopentadienyl)zirconium dichloride,
dimethylsjlyteneicyclopentadienyl) (2,5-dimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) 5(3,4-dimethylcyclopentadienyl)zirconium dichloride,
dimethylsiIerne%glgpentadienyl) (gidl n-propylcyclopentadienyl)zirconium dichloride,
dimethylsilylene I pentadienyR di-n-butylcyclopentadienyl)zirconium dichloride,

|
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10 dimethylsilylene(cyclopentadienyl) (2,3-ethylmethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) (2,4-ethylmethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) 15 (2,5-ethylmethylcyclopentadienyl)zircOnium dichloride,
dimethylsilylene(cyclopentadienyl) (3-methy1-4-n4&opylcyclopentadienyl)zirconium dichloride, di
ethylsilylene(cyclopentadienyl) (3-methyl-4-n-butylcyclopentadienyl)zirconium dichloride, 20
dimethylsiIerne(cycIopentadienyI) (2,314-trimethylcyclopentadienyl)zirconium dichloride,
dimethylsilyleneag penta k(@g ,5-trimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene (2,5-dimethy1-3-n-propylcyclopentadienyl)zirconium dichloride,
dimethylsiIylene(gyclopen dlenyl) (2,5-dimethy1-3-n-butylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(dyclopentadienyl)|5 (tetramethylcyclopentadienyl)zirconium dichloride,
dimethylsﬂy#eﬁe(@eepe{@éeﬂyl[;(%dih*thyle,4-di-n-propylcyclopentadienyl)zirconium dichloride
and dimethylsilylgne(cyclopentadienyl) (2,5-dimethy1-3,4-di-n-butylcyclopentadienyl)zirconium 10
dichloride. [0105] Examples further include bridged asymmetric metallocene compounds
corresponding t @ hforesaid ¢ ﬁb@nds except that the isgpropylidene bridging group of the
substituted alkyléne 15 group is altéred to a di-n- butylmethyli‘ug@ldgmg group; bridged asymmetric
metallocene compounds corresponding to the aforesaid compounds except that the dimethylsilylene
bridging growrpsqf the silicon-containing group is altered to a di-n-butylsilylene bridging group; bridged
asymmetric 20 metallocene compounds corresponding to the aforesaid compounds except that at
least one of the P_pgenﬁ?ms o bridging group is replaced by a halogen atom; and bridged
asymmetric metallacene pounids corresponding to the aforesaid compounds except that at least
one of the hydrogén atomsrLof the suibstituent 49 groups bonded to the cyclopentadienyl ring is
replaced by a halagen ato Exam les further include bridged metallocene compounds as described
above in whtehrth cemra arnmrH hafnium. The compounds described above are not 5
restrictive. (0106] L Of tHe compg¢unds described above, bridged asymmetric metallocene
compounds in whith the bridge had a silicon-containing group such as a dimethylsilylene group are 10
preferable, and %ﬁarlﬁ@eferr @%mples of such compo g} clude
dimethylsilylene(tytlopentatiienyl) ( -ethylcyclopeﬁtadien'yl)z’irzg ui: dichloride,
dimethylsiIerne(cycIopentadienyI) (3-n-propylcyclopentadienyl)zirconium dichloride, 15
dimethylditytereycyclopentadienyl) (3-n-butylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) (3-n-octylcyclopentadienyl)zirconium dichloride,

dibutylsilylene(c @ ntadl gyl) 20,§§ n-propylcyclopentadienyl)zirconium dichloride,
dimethylsilyleneh enﬁ( n-butylcyclopentadienyl)zirconium dichloride,
dimethylsiIerne(clycIopen}adlenyq (3-n-octylcyclopentadienyl)zirconium dichloride,

T

R'T R16 R e [7]

[0077]

Examples of the groups represented by Formula [2] include
ethoxy group, n-propoxy group, n-butoxy group, iscbutoxy group,
t-butoxy group, n-pentyloxy group, 2-neopentyloxy group,

190 n-hexyloxy group, n-heptyloxy group, n-octyloxy group,
n-nonyloxy group, n-decanyloxy group, 3,3,3-trifluoropropoxy

group, 4-phenylbutoxy group, ethylsulfanyl group,



50 trifluorome hyltutyls yiere(cyclopentadienyl) (3-n-propylcyclopentadienyl)zirconium dichloride,
trifluoromethylbutylsilylene(cyclopentadienyl) (3-n-butylcyclopentadienyl)zirconium dichloride and 5
trifluoromethylbutylsilylene(cyclopentadienyl) (3-n-octylcyclopentadienyl)zirconium dichloride. In the
invention, there maybe used two or more kinds o2the metallocene compounds of Formula [1] differing
in structure from each other, or a mixture of optical isomers (a meso isomer/racemic isomer 10
mixture) The bridged metallocene compounds of the present invention are not limited to the

compoundsg d@g@@tga_cg@q%@qd @g&%’aqy*%lgygg@ggg@%tz%k%\?ﬁt the requirements set forth in
e

the claims of the invention. [0107] 15 Processes for producing bri étallocene compounds

The bridgedsnsiatocens sempourds-eithe nyapti g\gﬂg}fgg_};ﬁo ed by any methods without

limitation. For example, reference may be made to'WO 01/027124. As dn example, a compound

representegl-yehermwa 1H4ayhigh-QO ,a§trggt(%%g raula [8] ar [9] may be manufactured by
the following steps. [0108] & ?tqfa pfecursor compgtﬂdgg%%%g 1§9) (I)[rgégr’mula [1] may be

produced blya@fgq%sgﬂﬁggy[g:]g@gﬂ[g,log]_he ygm{%%?&%r%%je’cursor compound (10) or (19)

for Formula [1] may be produced by a process [E r [D] In the formulae above,

RI tosR6 and ocargitbe 58818,3S ggggjip’edl{nrlf&gr}nym[géﬂ% [Qé'rjo' an alkali metal or an 5 alkaline

earth metal; 22 and Z2 are each a halogen or an‘anionic ligand and may be the same or different from

each othet: aaddhe pomporaly (10):a04(19 hava isomars dillaspadp iz pogiiqn pf the double

bonds in the cyclopentadienyl rings, and although the above formulae show on y%}qe kind of such 10

isomers, OHRNISOREES Qiﬂgmyﬂ;@@mg@pgﬂ% dé)gglg onds in the cyclopentadienyl rings or
mixtures of such isomers may be used. Examples of the alkali metals used in the reactions [A]
to [D] inclugeplitbium, sodium and potassium, and examples of 15 the alkaline earth metals include
magnesium and calcium. 54 Examples of the halogens include fluorine, chlorine, bromine and iodine.

Examples of the epignia @@@ﬂﬁ@@g@{b@(&g&g@&@@@gg%tglggﬁyl,ltgrtl;?ﬁjt%}/ﬁnddghenoxy;

carboxylate groups such as acetate and benzoate; and sulfonafe groups such as mesylaté and

(10) o (19) 2 odrated 1 Farmuls () or [ Theed broLoScs ao it PR RE CASge bf the mventon,
group, n-butoxymethyl group, isobutoxymethyl group,
t-butexymethyl group, n-pentyloxymethyl groﬁp,
<-neopentyloxymethyl group, nwhexyloxymeﬁhyl group,
n-heptyloxymethyl group, n-octyloxymethyl group,

15 n-nonyloxymethyl group, n-decanyloxymethyl éroup,
3,3,3-trifluoropropoxymethyl group, 4-phenylbutoxymethyl
group,methylsulfanylmethylgroup,ethylsulfanylmethylgroup,
_n-bu;ylsulfanylmethyl'group, isobutylsulfanylmethyl group,
t-butylsulfanylmethyl group, n-pentylsulfanylmethyl group,

20 2~neopentylsuifanylmethyl group, n-hexylsulfanylmethyl
group, n-heptylsulfanylmethyl group, n-octylsulfanylmethyl
group, n-nonylsulfanyimethyl group, n-decanylsulfanylmethyl
group, 3,3,3—trifluoropropylsulfanylmethyl group and

4-phenylbutylsulfanylmethyl group.



10 and the metallocene compounds may be synthesized by any other known methods. [0116] 55

The precursor compound (10) or (19) obtained by any of the reactions [A] to [D] is brought into contact
with an alkali metal, an alkali metal hydride or an organic alkali metal in an organic solvent at a
reaction temperature of -80 to 200C 5 to give a didbkali metal salt. [0118] The organic solvents
used in the above reaction include aliphatic hydrocarbons such as pentane, hexane, -heptane,
cyclohexane and decalin; aromatic hydrocarbons such as benzene, 10 toluene and xylene; ethers
such as THEydirn-butyl ether, cyclopentylmethyl ether, dioxane and 112-dimethoxyethane; and .
halogenated hydrocarbons such as dichloromethane and chloroform. [0119] 15The alkali metals used
in the above reagtiominThisle dithieng sedipe aedposassis. Tharatkal teted hydhidesitelude sodium
hydride and potassium hydride. The organic alkali metals include methyllithium, butyllithium and
phenyllithivet 2PI0120he t hNextithe diatkalpmetad sak28)or (B0 Nssebjecledhimibe subsequent
reaction, preferably after purification. The purification may be performed with solvents such as aliphatic
hydrocaress such aspebtanes hexanenepiane, otk cystohexasemnd decalin ; aromatic
hydrocarbons such as benzene, toluene and xylene; ethers such as THF, di-n-butyl ether, dioxane

and§,2-dimethexyetnne Nant balpendted hydeagarboing suctbas ¢hithliaemetitayiesantihehloroform. Of
these solvents, the 5 aliphatic hydrocarbons such as pentane, hexane, heptane, cyclohexane and
decalin aze-piye prefetater[@l? iNindtbe subseduent geacipn, the dialkali metal salt (28)  or (30) is
reacted in an organic solvent with a compound 10 represented by Formula (32): MXk(32) wherein
M is a matal selpetechflomNitar bty 2 seonidsmansidggfnium; a plurality of X are halogens, anionic
ligands and neutral ligands capable of coordination through lone-pair 15 electrons and may be the
same or diffepenidrgreote lgndihers ahg kamandantggerupf,3 to 6. The reaction results in a bridged
metallocene compound of Fermula [1]. To prevent the formation
N- {n-hexyl)-N-methylamino group, N-(n-heptyl)-N-methylamino
10 group, N-(n-octyl)-N-methylaminc group,
N- (n-nonyl)-N-methylaminc group,
N- (n-decanyl) -N-methylaminc group,
N-(3,3,3-trifluoropropyl)-N-methylamino group,
N- (4-phenylbutyl) -N-methylamino group,
15 (ethyl) (methyl)phosphino group, diethylphosphino group,
{(n-propyl) (methyl)phosphino group,
{n-butyl) (methyl) phosphino group,
(n-propyl) {methyl)phosphinoc group,
(n-butyl) {methyl)phosphino group,
20 (isobutyl) {methyl)phosphino group,
(t-butyl) {(methyl)phosphino group,
(n-pentyl) {methyl)phosphino group,

(2-neopentyl) (methyl)phosphino group,

(n-hexyl) {methyl)phosphino group,



of by-products, preferred organic solvents are aliphatic hydrocarbons such as pentane, hexane,
heptane, cyclohexane and 20 decalin, and mixed solvents containing aliphatic hydrocarbons at not
less than 50 wt% and ethers. The aliphatic hydrocarbons such as pentane, hexane, heptane,
cyclohexane and decalin are particularly preferre®10122] 57 Preferred examples of the
compounds represented by Formula (32) are trivalent or tetravalent titanium fluoride, chloride, bromide
and iodide; tetravalent zirconium fluoride, chloride, bromide and iodide; tetravalent hafnium fluoride, 5

chloride, hrpmide epd jqdidergnd sermpisxes of thesghalides with ethers such as THF, di-n-butyl
ether, dioxane and 1,2-dimethoxyethane. [0123] The organic solvents used herein are similar to those

10 descrilyed betejnabave: e dialkalpnetah s l};@{gg the compound of Formula (32) are preferably
reacted in equimolar amounts in the organic solvent at a reaction temperature of -80 to 200C. [0124]

15The mmﬁumlqomvwdggﬁgﬁiogﬁ%pe isolated and purified by methods such as
extraction, recrystallization and sublimation. The bridged metallocene compounds according to the

invention obtajaed hy the abevs, Prasessehay heddaptified by techniques such as proton nuclear 20
magnetic resonance spectroscopy, 13C nuclear magnetic resonance spectroscopy, mass

spectromesy and-elementabapplysisyiOf 2RLOIgfRABEHZRlIONLAtlYsts () 58 The olefin

polymerization catalysts (a) contain the components (A) and (C). [0126] Component (A): the
bridged me;aﬂﬂ@mglmgqqng@@ﬁ;ﬁ@ﬂgggﬂﬁ%%% above. . Component (C): at least one
compound selected from the group consisting of: (c-1) organometallic compounds represented by

Formulaef[dds d12] and [13] below; 10(c- 2 ) organoaluminum oxy-compounds ; and

Examples of the groups represented by Foxmul.a [5] include
N,N—dimethylaminamethyl'gropp, N-ethyl-N-methylaminomethyl
10 group, N—(nwpropyl)+N-métﬁ?léminbmethyl group,
{ethyl) (methyl)phosphinomethyl group,
N- (n-butyl) -N-methylaminomethyl group,
N- (isobutyl) -N-methylaminomethyl group,
N-(t-butyl)-N-methylaminomethyl group,
15 ©N-{n-pentyl)-N-methylaminomethyl group,
N—(z—neopentyl)—N»methylaminomethyl group,
N- {n-hexyl) -N-methylaminomethyl group,
N- (n-heptyl) -N-methylaminomethyl group,
N- (n-octyl) -N-methylaminomethyl group,
20 N-(n-nonyl)-N-methylaminomethyl group,
N- (n-decanyl) -N-methylaminomethyl group,
N-(3,3,3~trifluoropropy1)—Nwmethylaminomethyl group,
N—(4mphenylbutyl)~N—methylaminomethyl éroup,

(ethyl)(methyl)phosphinomethyl group,



(c-3) compounds that react with the component (A) to form an ion pair; [0127] RamA | (OR’) p Hp Xq1]
15[0128] wherein Ra and Rb are each a C1-15 hydrocarbon group and are the same or different
from each other; X is a halogen atom; 0<m52, 05pc3 0...c_ g<3and m+n +p + g = 3; [0129] 20 Ma
ALRa4.S S5[12][0130] [0132] 5wherein Ra a¥#l Rb are each a C1-15 hydrocarbon group and are
the same or different from each other; Mb is selected from Mg, Zn and Cd; X is a halogen atom;
Ocr_C2,0Ssl, 05tSland r+s +t = 2. The olefin polymerization catalysts may further contain

10 a solid carriey I$has rdyuiede f01:38] grclilpe component (C) and the solid carrier (S) will be
described in detail below. [0134] 15 Components (C) The compounds (c-1) may be those

compoungs-giscipsed ifm-AyE 1 P31 5509 andERPQ8r 4005AHiled by the present applicant. [0135] Of
the organometallic compounds (c-1) represented by 20 Formulae [11], [12] and [13], those having
Formula [11] bue picfd redtén \Spauificseptatmgies therdofdnehade trialkylaluminums such as
trimethylaluminum, triethylaluminum, triisopropylaluminum, triisobutylaluminum, trihexylaluminum, 60
trioctylalUmirpmoand tricResthyihe phalaptiiorarginikyfalgmipum halides such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum chloride, diisobutylaluminum chloride and
diméthyldlorimury brdmigeh Blalbiialepiiomsesdguibalidasguch as methylaluminum sesquichloride,
ethylaluminum sesquichloride, isopropylaluminum sesquichloride, butylaluminum sesquichloride and
ethylaluninswisesylibfomidey;lalkylakplidmongididessoehms methylaluminum dichloride,
ethylaluminum 10 dichloride, isopropylaluminum dichloride and ethylaluminum dibromide;
alkylalumituinyditiddsisably a3 pirmethifahamgthyl group,
(n-pentyl) {methyl)phosphinomethyl group,
(2~ne5§énty})(methyl)phosphinomethyl group,
10 (n-hexyl) (methyl)phosphinomethyl group,
(n-heptyl) (methyl)phosphinomethyl group,
(n-octyl) {methyl)phosphinomethyl group,
(n-nonyl) (methyl)phosphinomethyl group,
(n-decanyl) (methyl)phosphinomethyl group,
15 (3,3,3-trifluoropropyl) {methyl)phosphinomethyl group and
{4 ~-phenylbutyl) (methyl) phosphinomethyl group.
[0081]
Examples of the groups represented by Formula [6] include
n-propyl group, n-butyl group, isobutyl group, t-butyl group,
20 n-pentyl group, 2-neopentyl group, n-hexyl group, n-heptyl
group, n-octyl group, n-nonyl group, n-decanyl group,
4,4,4-trifluocrobutyl group, 4-phenylbutyl group,
ethyldimethylsilyl group, n-propyidimethylsilyl group,

n-butyldimethylsilyl group, isobutyldimethylsilyl group,



hydride, diethylaluminum hydride, dihydrophenylaluminum hydride, diisopropylaluminum hydride,
di-n-butylaluminum hydride, diisobutylaluminum hydride, diisohexylaluminum 15 hydride,
diphenylaluminum hydride, dicyclohexylaluminum hydride, di-sec-heptylaluminum hydride and
di-sec-nonylaluminum hydride; and dialkylaluminwg® alkoxides such as dimethylaluminumethoxide,
diethylaluminum ethoxide, diisopropylaluminum methoxide and diisobutylaluminum 20 ethoxide. [0156]
These compounds may be used singly, or two or more kinds may be used in combination. [0137] 61

Preferred-ongangaly ity PX¥-COMPAINEISAG-2) ape akininaxanespreparet frprmggalkylaluminums or

tricycloalkylaluminums. In particular, organoaluminum oxy-compounds prepared from

trimethylaluménise ot & Tdiseluiialuninym giepreferables THe organaalrsinign oxy-eeppounds may
be used singly, or two or more kinds may be used in combination. [0138] Examples of the compounds

(c-3) capablpsy tgacing oWt/ 1Q the,compengnt (A) driopnamienaiiinghide demis,acids, ionic
compounds, borane compounds and carborane compounds as described in JP-A-H01-501950,

JP-A-HO}582036. JHnA 4138 £ 19905 AT 03: 148006 dPaArER3H 20 £403, IPARS;207704, and
U.S. Patent No. 5,321,106. Heteropoly 15 compounds and isopoly compounds may also be employed.

These compounds ridy be vege wioat tatations {0139] gr oWhesthe olefin polymerization catalyst
of the invention is used together with an organoaluminum oxy-compound such as 20

methylalu;mpmga@a,aa@}mgﬁy;s{ﬁpmppymnggmpatalyst shows very high polymerization activity for
olefin compounds. Further, an organoaluminum oxy- compound reacts with the active hydrogen in the
solid carriggpand a solid carrier component containing the cocatalyst component may be prepared
easily. 62 In view of these advantages, it is preferable to use the organoaluminum oxy-compound

(c-2) as componentdfap[8446F Soll gatiass (5¢pbd Be sekdi ey irs:- () vdill g deserikerknext. The
solid carriers (S) may be simply referred to as the components (S). [0141] The solid carrier (S)
optionallyyugathimythegRvRIBiomismlt PDrgadiare| orgaRiGepmpatRedn thedamy of granular

10 ﬁ~penty1 group, 2-neopentyl group, n-hexyl group, nwhéptyl
group, n-octyl group, n-nonyl group, n-decanyl group,

- 4,4,4-trifluorobutyl group, 4-phenylbutyl group,
ethyldimethylsilylmethyl group, n-propyldimethylsilylethyl
group, n-butyldimethylsilylethyl group,

15 lisobutyldimethylsilylethyl group, t-butyldimethylsilylethyl
group, n-pentyldimethylsilylethyl group,
2-neopentyldimethylsilylethyl group,
n-hexyldimethylsilylethyl group, n-heptyldimethylsilylethyl
group, n-octyldimethylsilylethyl group,

29 n-nonyldimethylsilylethyl group,
n-decanyldimethylsilylethyl group,
3,3,3-trifluoropropyldimethylsilylethyl group and
4-phenylbutyldimethylsilylethyl group.

[0082]



10 or fine particulate solid. The components described hereinabove are supported on the solid carrier.
[0142] Examples of the inorganic compounds include porous oxides, inorganic halides, clays, clay
minerals and ion-exchange 15 layered compounds. Preferably, porous oxides or inorganic halides
described below are used. [0143] Examples éf the porous oxides include Si02, Al202, MgO, ZrO,
Ti02, B203, CaO, Zn0O, BaO, Th02, and complexes and mixtures 20 containing these oxides, such as
natural or synthetic zeolites, 5i02-Mg0, Si02-A2203, 5|02 Ti02, 5i02-17205, Si02-Cr203 and
5i02-Ti02-Mg0. OfthesprthbseredtaningbioRas th& mijer Bonaptnert bes prstefantan [8144] 63
The inorganic oxides may contain small amounts of carbonate, sulfate, nitrate or oxide components
such as RRECOB K288 CATCIoNYCHE NuZ8h4, ARMB0A33, BESOFOKNDB MIENO3)2, Al
(NO3)3, Na20, 1(20 and Liz. 5[0145] Although these porous oxides have various properties
dependirgronttie type@nﬂtprépaﬁtioﬁl}ﬁo@ésﬁ%éfr@oﬁgthé safridnsiitaprbPUSE B invention has
a particle diameter of 0.2 to 300 g, preferably 1 to 200 AM, a specmc 10 surface area of 50 to 1200
m2/g, préferablynaee t@l@@@h@é ambadiorewblungé of 9. Rfo 30ens3Ighvthery dsesary, the
carrier may be calcined at 100 to 1000C, and preferably 150 to 700C before use. [0146] 15Examples
of the inGrgamctraliledlindladegecarigBrarvme12 dad sl FrednergaredBalived maybe -
used as they are or after pulverized by a ball mill, a vibration mill or the I|ke Alternatively, the inorganic
halides ma;o%um%@hmmﬁ@mhm akonpRand tRentreBipitied By &z cipitating
agent to be used in the form of fine particles. [0147] The clays are generally comprised of a clay
mineral &CtheIm oL cHhporsiteThe forkekéharyeidjaied xbhffountsHave d Brydtal structure in
which planes formed by ionic bonding 64 or the like pile on one another in parallel with a weak bond
strength rEecthey tantkin pxaianeaslcmheduBsiday MiFaalssaressAlexeRangerayerRd
compounds. The clays the clay minerals and the ion-exchange layered compounds are not 5 limited
to naturadi§ oBEutrthgRmaaarsal S ady @mibeaé’ry?iﬂﬁetﬁzn@)lw@? EQaRplesist suchXidys, clay minerals

and ion-exchange
10 hydrocarbon group.

[o084]

In Formula (1), Q* is a divalent group linking the two
ligands and is selected from c1¥2o hydrocarbon groups such as
alkylene groups, substituted alkylene groups and alkylidene

15 groups; halogen-containing groups; silicon-containing groups;
germanium-containing groups; and tin-containing groups.
[0085]
Examples of the alkylene groups, substituted alkylene
groups and alkylidene groups each having 1 to 20 carbon atoms
20 1include alkylene groups such as methylene, ethylene, propylene
and butylene; substituted alkylene groups such as
igopropylidene, diethylmethylene, dipropylmethylene,
diisopropylmethylene, dibutylmethylene,

methylethylmethylene, methylbutylmethylene,



layered compounds include clays, clay minerals, and ion crystalline compounds having such a layered
crystal structure 10 as a hexagonal closest packing type, an antimony type, a CdC12 type or a CdI2
type. [0149] Specific examples of the clays and tﬁ’g’ clay minerals include kaolin, bentonite, kibushi
clay, potter's clay, 15 allophane, hisingerite, pyrophyllite, mica group, montmorillonite group,
vermiculite, chlorite group, palygorskite, kaolinite, nacrite, dickite and halloysite. Specific examples of
the ion-exchange layered com ounds include crystalline acid salts of polyvalent metals, such as 20
a-Zr(HABGA 2300, RZHHUBE4)2Y & A K P O S 3158 55 (-5 4)2, a-Ti(HAS04)2H20,
a-Sn(HPO4)2.H20, y-Zr(HPO4)2, Y- Ti(HPO4)2 and 7-Ti (NH4PO4) 21120. [0150] 65 compounds
preferably a8 pore vaIGimeY 48 Weadlif&d bhPorés having AErddiuf ot less than 20 A by a

mercury penetration method, of 0.1 cc/g or more, particularly from 0.3 to 5 cclg. The pore volume is

measuredSom thePpGres Havingyd fdtfus Of-82018 '3'< 104 1CBY a rlercary pBfietiatidinfethod using a

mercury porosimeter. [0151] When the carrier used has a pore volume of less than 0.1 cc/g as
measuredesi Poresiaving-a taditis o720 A TP FROYR it Hertbhds t6'Be diffRailt 'ty obtdiy hith
polymerization activity. [0152] It is preferable that the clays and the clay minerals are chemically

treated. Any chéffidal freafh@ntmaybedsed herein < ~Tor'exahflé alstitface treatment to remove
impurities attached 15 to the surface or a treatment to affect the crystal structure of the clay. Specific
example$of 508R Ene el tréatfiohtsIHEIN g devd treé RiffeTit - AIRER fredtifreht SSaitttdatmient and
organic matter treatment. The acid treatment removes impurities from the surface and increases the
surface arealnPr20dissbNititreations seehaslefdsFe andMg ot ihelergaeal structure. The alkali
treatment destroys the crystal structure of the clay to bring about change in clay structure. The salt
treatmerit apdahe biganié hrattey hriedtment prodoce anionicoemplesaaanoleculascemplex or an

organic derivative
tetrahydronaphthylidene and dihydroindanylidene; and alkylidene

10 groups such as ethylidene, propylidene and butylidene.
(00867
Examples of the halogen-containing groups include groups
. corresponding to the above alkylene groups, substituted alkylene
groups and alkylidene groups or silicon-containing groups except
15 that at least one hydrogen atom is substituted with an appreopriate
halogen atom. Specific examples include
bis{trifluoromethyl)methylene,
4,4,4-triflucrobutylmethylimethylene,
bis(triflucromethylisilvlene and
20 4,4,4-triflucrobutylmethylsilylene.
[0087]
Examples of the silicon~containing groups include silylene,

methylsilyliene, dimethylsilylene,



66 to cause change in surface area or interlayer distance. [0153] The ion-exchange layered
compound may be enlarged in interlayer distance by changing the exchangeable ions between 5
layers with other larger and bulkier ions by means of ion exchange properties. The bulky ions play a
pillar-like roll to support the layered structure and¥re called pillars. Introduction of other substances
between layers of a layered compound is called intercalation. Examples of the guest 10 compounds to
be intercalated include cationic inorganic compounds such as TiC14 and ZrC14; metal alkoxides such
as Ti(OR)4 1 2 OR)ByRO{OR)2arwlB(OR)8 {whereiy Reisen hyurobarbbh gYéws drRlike); and metal
hydroxide ions such as [Al 1304 (OH) 241 7+, [Zr4 (OH) 143 2. and [Fe30(000CH3)61+. These 15
compoumds:impy be-Usedysing!y vt éneomBinéion of exy b indré ®itwls. Intercalation of these
compounds can be carried out in the presence of polymers obtained by hydrolysis of metal alkoxides
such as B&§OR)2 cALRRBranich G0 B (wimsr e yR pH a1yl Fdchyd@group or the like) or in the
.presence of colloidal 20 inorganic compounds such as Si02. Examples of the pillars include oxides
resultingdiqrh ¢marired tehpdratiod bt thevalsoveyihenton & feyal hyaFduelivhs Ve Ralated between
layers. [0154] 67 The clays, the clay minerals and the ion-exchange layered compounds
merttioned abgre: imay delydethngs they ale di mftehiréareistil Yarasx@mple, ball milling or sieving. They
may be used after subjected to water adsorption or thermal dehydration. 5 The clays, the clay minerals
and the iopekehange layeletesrhpoimismay belpserl-diagle bR - esraBihbYié/f B two or more kinds.
[0155] The organic compound is, for example, a granular or fine 10 particulate solid ranging in particle
diameterdyarh dpen 300y Spacifid yamples tHEreb? ishade(ed)pRnReislvarmecdfposed of a
02-14 olefin such as ethylene, propylene, 1-butene or 4-methyl-l-pentene, (co)polymers or reaction
productsdgmied aptimpot kin} kyelohéydra styrebamiiffyIDén e, IS EFRFABRifie@ Products of
these compounds. [0156] The olefin polymerization catalysts of the invention contain the bridged
metallocérieecmpband LAY agleaisbend B6/pdaNnE YCYBElcERETRAR P dFfanbetaific compounds
(c-1) 20 of Formulae [11], [12] and [13], the organoaluminum oxy-compounds (c-2) and the ionized

iori® conameingls ¢ 3) cand optidially Hhe compoRENBHSIRE réddfedthe silicon is
replaced by germanium or tin.
[o088]
Alternatively, Q' may have a struéture represented by
Formula [8] or [9] below:

15 [0088]

i

.
Y
R5/

e oo o [8]

[0090]



[0157] In carrying out the polymerization, the components may 68 be used and added by any method
or in any order. Some exemplary processes are given below: [0158] (1) The component (A)
alone is added to a polymerizer. 5[0159] (2) The component (A) and the component (C) are
added to a polymerizer in an arbitrary order. [0163J (3) A catalyst component in which the
component (A) is 10 supported on the component (S), and the component (C) are added to a
polymerizer in an arbitrary order. [0161] (4) A catalyst component in which the component (C) is
supported on the component (S), and the component (A) are added 15 to a polymerizer in an arbitrary
order. [0162] (5) A cat@yst component in which the components (A) and (C) are supported on the
component (S)i ed tg'a polymerizer [0163] 20In the processes (2) to (5), at least two of the
catalyst components be contacted with each other beforehand. [0164] In the processes (4) and

(5) in whiclfithe compongnt (C) 69 maybe added at an arbitrary stage as required. In this case, these
componentsyC) may he same or different from each other. [0166] 5The solid catalyst component
wherein the component (A) alone or the components (A) and (C) are supported on the component (S)
maybe prepolymerized witl an olefin. Further, an additional catalyst component may be supported on
the prepolymerized solid ¢ alyst‘compone‘ntl-_'l@[dl%] In general, when a metallocene compound
having substituent groups on both the cyclopentadienyl rings forms an ion pair with the component (C),

the resultaptoelefin polymerization catalyst gives with high catalytic activity

In the above formulae, Y is.seléCted from a carbon atom,
a silicon atom, a germanium-atom and a tin atom; R® and R® are
5 selected from a hydrogen atom, hydrocarbon groups,
silicon~containing groups, heteroatom—containing groups and
halogen~¢ontaining groups and are the same or different from
eachother;AindicatesaaC2—20divalenthydroéarbongroupwhich
may have an unsaturated bond; A may have twé or‘more ring
10 structures inclusive of the ring formed by A and Y; and the
black dots (e) iﬁdicate bonding points with the substituted
cyclepentadienyl group and the cyclopentadienyl group.
[6092]
In Formulae [8] and [9], Y is preferably a cérbon atom
15 or a siiicon atom, and is particularly preferably a silicon
atom. |
[0093]
Examples of the hydrocarbon groups, the
silicon~containing groups, the heteroatomncontaining groups

20 and the halogen-containing groups indicated by R® and R® in



15 polymers having high molecular weight and less terminal double bonds. [0167] The mechanism
of this catalytic action is probably explained as follows. A number of substituent groups on the 20
cyclopentadienyl rings produce steric hindrance which causes an appropriate distance between the
central metal (cation) and the component (C) (ani@s) and consequently the acidity of the central metal
is increased. As a result, the coordination and insertion of monomers are facilitated but at the same
time the 70 steric hindrance by the substituent groups inhibits chain transfer reactions which control

the molegamweight such as R.ehain franster reactiop:HfyBoRPeLSQITa Kangfer af hydrogen at the
(3-position of the polymer chain to the central metal. 5[0168] In contrast, the olefin polymerization

catalysts{@) gaatairfing the hridgegynealiasena-compegd, okfammula fddHiaye substituent groups on

only one cyclopentadienyl ring. As a result, an appropriate distance is ensured between the central 10

metal ang i eemBensnt (1 aple ensHiing gpaRPIopriaie 5pgae &rpar)it chaip Hapgler reactions.

The olefin polymerization catalysts of the present invention can thus achieve high polymerization

activity aggafferd Robimers kpving a lowdpalegularmeright antbiany geidhile bandset tgrminals.
15[0169] Olefin polymerization catalysts (b) The olefin polymerization catalysts (b) of the

investionGastain hecaosprensnt @Yotle, corproaatdp) anbilie, coppnsREbiS)1 20[LE)]

Component (A): the bridged metallocene compound represented by Formula [1] above;
Componghi(By1adridged metadogane compound Igepte@me@bwﬁormadi@mgmz 1 (0171] R19

R19 Q2 X R2821 R27R22

and methyl group, chloromethyl group, n-butyl group, n-pentyl
group and phenyl group are particularly preferred.
[0094]

10 In Formula [9], A is a C2-20 divalent hydrocarbon group
which may have an unsaturated bond, and Y and A together form
a ring such as l-silacyclopentylidene group. In the
specification, the i-silacyclopentylidene group is

represented by Formula [10] below:

¢
\

15 fooses]

- .o a110]
[c096]

In Formula [10], the black dots (¢} are as described in
Formula [9].
20 The group A may have two or more ring structures inclusive

of the ring formed by A and Y.



R26R23 R25R24 [14][0172] herein 1227 to R", and R" to R" are selected from a hydrogen
atom, hydrocarbon groups, halogen-containing groups, oxygen-containing groups, nitrogen-containing
groups, boron-containing groups, sulfur-containing groups, phosphorus-containing groups,
silicon-containing groups, germanium-containing §foups and tin-containing groups and are 10 the
same or different from one another; neighboring substituent groups among these groups maybe linked
together to form a ring; Q2 is selected from C1-20 hydrocarbon groups, halogen-containing groups,
silicon-cortatnérig groups, germanium-containing groups and tin-containing groups; M is 15 selected
from a titanium atom, a zirconium atom and a hafnium atom; and X independently at each occurrence

is a group selectephfecra erfdilgerom.dilegaatgms, %@9&@@%&ggolt@ge;g{%q;n-containing

groups, silicon-containing groups, 72 oxygen-containing groups, sulfur-containin grougg,’

nitrogen-mmtajning@@m&am@pgﬁgpwt;glggptaﬂq@ggmé gr&%@ponent (C): at least one
compound selected from the group consisting of: 5(c-1) organometailic compounds represented by

Formulaet{a8k §a) aper2alivalay; (r2),0eaB0aiumipam oX¥-£o0IRPUNds:and ; o (C-4) compounds
that react with the components (A) and (B) to form an 1on pair; 10[0173] Ran,Al ’(S?eb) [0174]

whersin Raubd Rhuye eashiaySanid bdsasarbon snourand ais Uie:same o1 fifierent fom each
other; X is a halogen atom; 150<m. 63, 0.6n<3, 0.6p<3, 05.q<3 and M + R + p +1q = 3. [0175] Ma A 1
F2a4uI]g9@M@§] silicon-containing groups and halogen-containing
silicon-containing groups each having 1 torzc carbon atoms,
with siliconwcontaining groups and halogen;containing
silicon-containing groups being particularly preferable.
10 [0098]

In Formula (1), X independently at sach occurrence is an
atom or a group selected from a hydrogen étom, halogen atoms,
hydrocérbon groups, anionic ligands and neutral ligands
capable of coordination through lone-pair electrons, and the

15 plurality of X may be the same or different from each octher,
[0099]

Exampleé of the halogens include fluorine, chlorine,
bromine and iodine. Specific examples of the hydrocarbon
groups are as described hereinabove.

20 [c100}

Specific examples of the anionic ligands include alkoxy
groupsandaryloxygroupssuchasnwthoxy,t-butoxyandpheﬁoxy;
carboxylate groups such as acetate and benzoate; and sulfonate

groups such as mesylate and tosylate.



wherein Ma is Li, Na or K; and Ra is a C1-15 hydrocarbon 20 group; [0177] 73 [0178] wherein
Ra and Rb are each a C1-15 hydrocarbon group and are the same or different from each other; Mb is
selected from Mg, Zn and Cd; X is a halogen atom; Ocr5.2,05.tflandr+s +t=2. The olefin
polymerization catalysts may further contain a solid carrier (S) as required. [0179] 10The component
(B), the component (C) and the solid carrier (S) will be described in detail below. [0180] Component
(B) The bridged metallocene compounds as the components (B) 15 are metallocene compounds
of Group flyametal represented by Formula [14] below. [0181] The metallocene compounds of
Group IV metal represented by Formula [14] will be described in detail. 20[0182] R25R23 R25 Rza
[0183] IT1.4 specific examples of the neutral ligands capable of
coordinaticn through lone-pair electrons include
organophosphorus compounds such as trimethylphosphine,
5 triethylphosphine, triphenylphosphine and
diphenylmethylphosphine; and ethers such as tetrahydrofuran,
'diethyl ether, dioxane and 1,2-dimethoxyethane. Preferably,
at least one X is a halogen atom or an alkyl group.
[0102]
10 In a preferred embodiment, at least one of R', R*, R® and
R* in Formula [1] is selected from the ethyl group, the groups
represented by Formula [6] and the groups represented by Formula
[7]. In a more preferred embodiment, one of R', R?®, R® and R*
is selected from the ethyl group, the groups of Formula [6]
15 and the groups of Formula [7}1, and more preferably R? or R® is
selected from the ethyl group, the groups represented by Formula
[6] and the groups represented by Formula [7]. In a
particularly preferred embodiment, R® is selected from the
ethyl group, the groups of Formula [6] and the groups ¢f Formula
20 [7], and R*, R? and R® are all hydrogen atoms.
[0103]
Specific examples of the transition metal compounds as

the components (A) represented by Formula [1] are given below.

0104}



In Formula [14], M is a transition metal selected from titanium, zirconium and hafnium, and is
preferably zirconium. 5[0184] R" to R20, and R22 to R" are selected from a hydrogen atom,
hydrocarbon groups, halogen-containing groups, oxygen-containing groups, nitrogen-containing
groups, boron-containing groups, sulfur-containingigroups, 10 phosphorus-containing groups,
silicon-containing groups, germanium-containing groups and tin-containing groups and are the same
or different from one another. Neighboring two substituent groups among these groups may be linked

together to form agag.1¥5(0185hmp1Q2 mgwé@%tﬁrage&%m&mig%@%a%dcg@ lected from

C1-2 0 hydrocarbon groups such as alkylene groups, substitu Ikylene groups and alkylidene

groups; Zohalegersanaining g&@@ﬁk?ﬂ@%‘%ﬁ%%%%@@ﬂ%?‘ ain%}gcg{OUps; and
tin-containing groups. Examples of these groups are as described for Q2. [0186] 5Preferred groups

indicatedyQ2 sjudmalkyione gpains: substitteralkdens 9ropps - alkylidene.groyps,

halogen-containing alkylene groups, halogen-containing substituted alkylene groups and

halogen-containingualkydidene - xareeps @gﬁ@b@ﬁ@g@y@%@{pgaﬂwﬁ and silicon-containing 10
groups and halogen-containing silicon-containing groups. Of these, alkylene groups, substituted

alkylene grouge calistliclenessewpsand slicon-CORINIG grpupseachfaving 1 to 20 carbon atoms
are particularly preferable. [0187] 15Alternatively, Q2 may have a structure represented by Formula
[15] or [1efhstoenBiSPEREpERB adiyi0189] dthylcyclopentadienyl)
zirconium dichloride, ethylene (cyclopentadienyl)
(3—ethylcyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadienyl)(2un—pfopylcyclopentadienyl)

10 zirconium dichloride, ethylene (cyclopentadienyl)
(2-n-butylcyclopentadienyl)zirconium dichloridé,
ethylene(cyclopentadienyl)(3—n—propylcyclopehtadienyl)
zirconium dichloride, ethylene (cyclopentadienyl)
(3-n-butylcyclopentadienyl) zirconium dichloride,

15 ethylene(cyclopentadienyl) (3-n-pentyleyclopentadienyl)
zirconium dichloride, ethylene (cyclopentadienyl)
(3-n-hexylcyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadienyl){3—n—octyzcyclopentadienyl)
zirconium dichléride, ethylene (cyclopentadienyl)

20 {3-n-decylcyclopentadienyl) zirconium dichloride,
ethylene(cyclopentadienyl)(2,3»dimethylcyclopentadienyl)_
zirconium dichloride, ethylene (cyclopentadienyl)
(2,4~dimethylcyclopentadienyl) zirconium dichloride,

ethylene(cyclopentadienyl)(2,5—dimethylcyclopentadienyl)



76 16] [0190] In the above formulae, Y is selected from a carbon atom, a silicon atom, a
germanium atom and a tin atom; R29 and R22 are 5 selected from a hydrogen atom, hydrocarbon
groups, silicon-containing groups, heteroatom-containing groups and halogen-containing groups and
are the same or different from each other; A" indicétes a C2-20 divalent hydrocarbon group which may
have an unsaturated bond; A' may have two or more 10 ring structures inclusive of the ring formed by
A'and Y; and the black dots (.) indicate bonding points with the substituted cyclopentadienyl group and

the substitutesbiiioranyl igraae 10481] ethyindrsmulas Bi5tand §iGdnYiis preferably a carbon atom
15 or a silicon atom, and is particularly preferably a carbon atom. [0192] Examples of the

hydrocarben graips: the,siligei-cpeinining giorps z edmieroatemEnntaiiiag groups and the
halogen-containing groups indicated by R29 and R2 in 20 Formula [15] include similar groups as

representachipy 824 toy ¢l Rzénaad R&13t0)R28. Of the hydrocarbon groups, methyl group,
chloromethyl group, ethyl group, n-propyl group, isopropyl group, n-butyl group, isobutyl group, t-butyl

group, n-peney gioup; syappertykgrepeneyciaheryt goiipeeycehe piyl gioer zphenyl group, m-tolyl
group and p-tolyl group are preferable, and methyl group, chloromethyl group, n-butyl group, n-pentyl

group anetphenyherotpcire peticutarbrgrefe s {at93] Inhesmead 16) dnis=a €2 divalent
hydrocarbon group 10which may have an unsaturated bond, and Y and A' together form a ring such as

1-silacyctopespitiete @giel da ikkespesticationetheyvi- siasyalogaabdigane group is represented by
Formula [17] below: [0194] [0195]
(2,3-ethylmethylcyclopentadienyl) zirconium dichloride,
ethylene (cyclopentadienyl)
(2,4~ethylmethylcyclopentadienyl)zirconium dichloride,

;D ethylene (cyclopentadienyl)
{2,5-ethylmethylcyclopentadienyl}zirconium dichleride,
ethylene (cyclopentadienyl)
(3wmethyl—;~n~propy1cyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadieﬁyl)

15 (3-methyl-4-n-butylcyclopentadienyl)zirconium dichloride,
ethyleﬁe(cyclopentadienyl)
(2,3,4—trimethylcyclopenﬁadianyl)zirconium dichloride,
ethylene (cyclopentadienyl)
(2,3,5-trimethylcyclopentadienyl) zirconium dichioride,

20 ethylene{cyclopentadienyl)
(2,5-dimethyl-3-n-propylcyclopentadienyl)zirconium
dichloride, ethylene{cyclcpentadienyl)
(2,5~dimethyl-3-n-butylcyclopentadienyl) zirconium

dichloride, ethylene(cyclopentadienyl)



In Formula [17], the black dots () are as described in Formula [16]. A' may have two or more
ring structures inclusive of the 20ring formed by A’ and Y. [0196] 78 Preferred groups
indicatedbyQ?2 include alkylene groups, substituted alkylene groups, alkylidene groups,
halogen-containing alkylene groups, halogen-con#gining substituted alkylene groups and
halogen-containing alkylidene 5 groups each having Ito 20 carbon atoms, and silicon-containing
groups and halogen-containing silicon-containing groups, with carbon-containing groups and
halogen-qardainagecarbd e godupssiaiad particllarl/prefetalle J0&B7 1A Hee, letter X independently at
each occurrence is a group selected from a hydrogen atom, halogen atoms, hydrocarbon groups,
halogen-eartigihigehytratanben gadiies; silicon-containing groups, oxygen-containing groups,
sulfur-containing groups, nitrogen-containing groups and 15 phosphorus-containing groups. Of these,
halogen atpns-ahicvaydrotarboa gidups- aneaureiergbleo beamptiescoihe halbgen atams include
fluorine, chlorine, bromine and iodine. Examples of the hydrocarbon groups, the halogen-containing
hydrocarkidregionpsdthessiiconetoritana (ogrolipgethe £Diatyg@n-containing groups, the
sulfur-containing groups, the nitrogen-containing groups and the phosphorus-containing groups are as
desaibed abevel {8EI3]yhe3hydrddematout, sthe hwil raoarborbgrenps, ) the rédhalagen-containing
groups, the oxygen-containing groups, the nitrogen-containing groups, the boron-containing groups,
the sulfurddaritdiningcdgroups, the phosphorus-containing groups, the silicon-containing groups, the
germanium-containing 5 groups and the tin-containing groups indicated by R17 to R2, and R21 to R28
may be similar tasthoSgechrasented dyiR! todR4inlbaremda fmyithond Bmitatidmgl e atoms and the
groups indicated by X may be similar to those represented by X in Formula [1] without limitation. In an
embodimenh st isast ede A0kpdieofenaigithgringsgrotps ambag IRL7 tirR2pn thecyclapentadienyl ring
may be linked together to form a ring, and consequently a ring structure such as an indenyl group, a

substituteidsind eyl gl dde nee flugre hylp grouspdaresn gul st2uted flhpienyt graermayd berigrimed. In another
embodiment, at least 15 one pair of neighboring groups among R21 -to R28 on the fluorenyl ring may
be linkedzégethed torfodmahiing, iate, canseguentlyld degsstrogtiesadt ad Adwnzpfluorenyl group, a
dibenzofluorenyl group, an octahydrodibenzofluorenyl group or an
octamethybetatyidyddipeizofkeotenyi gropp) may berfammed 200199 de, Ina preferred embodiment of

the above substituent groups, R17 to R20 are hydrogen atoms, R21 to R28 are selected from the

hydrogem&topramdfﬁrﬁeibywacmbn@wm‘aamal le@steohbpaay8Qopentadienyl)
zirconium dichloride, isopropylidene (cyclopentadienyl)
(3-ethylcyclopentadienyl)zirconium dichloride,

15 isopropylidene (cyclopentadienyl)
(2-n-propylcyclopentadienyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)
(2—n—butylcyclopentadienyl)zircoﬁium dichloride,
igsopropylidene (cyclopentadienyl)

20 (3-n-propylcyclopentadienyl) zirconium dichloride,
isopropylidene (cyclopentadienyl)
(3-n-butylecyclopentadienyl) zirconium dichloride,
isopropylidene (cyclopentadienyl)

{3-n-pentyleyclopentadienyl)zirconium dichleoride,



form an octahydrodibenzofluorenyl group or an octamethyloctahydrodibenzofluorenyl group. In a
preferred embodiment, Q2 is selected from the alkylene groups, substituted alkylene groups and
alkylidene groups having 1 to 5 20 carbon atoms, and silicon-containing groups. When the bridged
metallocene compound has these substituent grodéfs and the bridging group, the obtainable catalyst
relatively prevents an increase in molecular weight and permits reducing the amount of hydrogen
required for molecular weight control, 10 whereby it is expected that the component (A) affords an
increased amounpeilhdermeriayarhersearicetheemuniber of long-chain branches is increased. [0200]
Specific examples of the Group IV metallocene compounds 15 represented by Formula [14) are given
below but arenrdtdmitecyihergienid201kpny liscpropyidame (cytlopentadieny|) (fluorenyl)zirconium
dichloride, isopropylidene(cyclopentadienyl) 20(2,7-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidemeteycicphiedtadidny B0 e textibayifllorenyl)zirconium dichloride,
isopropylidene(cyclopentadienyl) (octamethyloctahydridodibenzofluorenyl)zirconium dichloride, 81
dibutylmettBylene@yeibpertadmenyt)iftiiosenyl)z# towiomidichldiidé ldibutgemethylene(cyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride, dibutylmethylene(cyclopentadienyl) -
5(3,6-di-teetdprtyl fiydredgiz rconaim ploiterdies diblutylmethylene(cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
diphenylnmathylebe¢syinpehtadiemdi fleorg hy i¥zirconivmdichioridepr ide,
diphenylmethylene(cyclopentadienyl) 10(2,7-di-tert-buty1fluorenyl)zircOnium dichloride,
diphenylmethyiereytytipen{agieiyp&8-aldtertapdtyifluorenyl)zirconium dichloride,
diphenylmethylene(cyclopentadienyl) (octamethyloctahydridodibenzofluorenyl)zirconium dichloride, 15
cyclohexylidehetcymiopenlaiel\dtiadrediidzinecbh by dichiord e ddydidlvesitigene (cyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride, cyclohexylidene(cyclopentadienyl)
(3,6-di-teit=tnpylfiporengziecorurh efictidriddl @01y tlohexylidene(cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
phéylmethyHnathylensleyclvpéppeienyd ffrryenyd)izivconium dithidiber ide,
phenylmethylmethylene(cyclopentadienyl) 82 (2,7-di-tert-butylfluorenY1)zirconium dichloride,
phenylméthgipaihyléendeyel dpprtdiznyh) § 8 beadistéit-butylfluorenyl)zirconium dichloride,
phenylmethylmethylene(cyclopentadienY1) (octamethyloctahydridodibenzofluorenY1)zirconium
dichloride, dimetHyesiigtisyctoamadia @il fleavehy Fzirepiimdichictifeoride
dimethylsilyl(cyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride,
dimethylsilyeyshopatadinaY ¢y to@ e ukedisutyitlliorenyl)zirconium dichloride,
dimethylsilyl(cyclopentadienY 1) (octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
(3,4-dimethylcyclopentadienyl) zirconium dichloride,

15 isopropylidene{cyclopentadienyl)
{(3,4-di-n-propylcyclopentadienyl)zirconium dichloride,
isopropylidene{cyclopentadienyl)
(3,4-di-n-butyleyclopentadienyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)

20 (2,3-ethylmethylcyclopentadienyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)
(2,4-ethylmethylcyclopentadienyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)

(2,5-ethylmethylcyclopentadienyl) zirconium dichloride,



isopropylidene(3-tert-butYlcYclopentadienY1)(fluorenyl) zirconium dichloride, 15
isopropylidene(3-tert-butylcYclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidene(3-tert-butylcYclopentadienyl) (3,6-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidene(3-tert-butylcyclopentadienyl) 20 (ogtamethyloctahydridodibenzofluorenyl)zirconium
dichloride, diphenylmethylene(3-tert-butylcYclopentadienyl) (fluorenyl)zirconium dichloride,
diphenylmethylene(3-tert-butylcYclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride, 83
diphenylm@bﬁ@ag@lm@wy@yelpggg&agmgr@@di-tert-butylfluorenyl)zircOnium dichloride,
diphenylmethylene(3-tert-butylcyclopentadienyl) (octamethyloctahydridodibenzofluorenyl)zirconium
dichloride( $-cystohexylidenet3-tari-butyicysinpentagiemdi(fluaresybzireoniun dichiarigde,
cyclohexylidene(3-tert-butylcyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride,
cyclohexylidepepeitiindwieyelopeatadieny 1843 64di-tert-butylfluorenyl)zirconium dichloride,
cyclohexylidene(3-tert-butylcyclopentadienyl) (octamethyloctahydridodibenzofluorenyl)zirconium
dichloride( pheaylmethyimetnlenea(g ientdwdviercinpanadien)-dluorenydzireanivmdichloride, 15
phenylmethylmethylene(3-tert-butylcyclopentadienyl) (2,7-di-tert-butylfluorenyl)zircOnium dichloride,
phenylmetbymesnane(3rertbrivleydopeniadiaryl) (3,6-di-tert-butylfluorenyl)zirconium dichloride,
phenylmethylmethylene(3-tert-butylcyclopentadienyl) 20
(octamethydodahydrictogibenzolyeresybzirconitn dichioredeonium dichloride,
isopropylidene(3-tert-buty1-5-methylcyclopentadienyl) (fluorenyl)zirconium dichloride,

isopropy lidena(3ie-basHe3wethydercdopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride,
84 isopropylidene(3-tert-buty1-5-methylcyclopentadienyl) (3,6-di-tert-butylfluorenyl)zirconium
dichloride{ Isapyep\ideneEnteTichidy bhemethyleysiopeptacienyum dichloride,
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride, 5

diphenylmetbyless(d- teft=huty 3y megderciopamadienyl) (fluorenyl)zirconium dichloride,
"~ diphenylmethylene(3-tert-buty1-5-methylcyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium

dichlpride; djphetyireethylene (3:tast-buty 1 Syaetndeyciapesiadioniy-conium
10(3,6-di-tert-butylfluorenyl)zirconium dichloride,

diphenylmeikytepe (Ftert-butypopiethydeyrdopsptadieayy: adieny1)

(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,

cyclohexylitpne B st hyty 1 H-metndeyciopentadiemdadearenypzireaniummdichloride, 15
cyclohexylidene(3-tert-butyl-5-methylcyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride,

cyclohexdieneG-tefithuty & <o methyl dyidape (tadieme(3:6rd ittt bytylfluorenyl) zirconium dichloride,
cyclohexylidene(3-tert-buty1-5-methylcyclopentadienyl) 20

(octamethectahydridodikerzolperenyzieroniun dickieriden pheayimetiyiemethylene

(3-tert-butyl-5-methylcyclopentadienyl)(fluorenyl) zirconium dichloride, phenylmethylmethylene

(3-test-butyl-barnethyICyelapantadiboyln8a d 2 mgiitert-butylfluorenyl)zirconium dichloride,

phenylmethylmethylene (3-tert-buty1-5-methylcyclopentadienyl) (3,5-di-tert-butyifluoreny].) zirconium

dichloride(2, 5-dimethyl-3,4-di-n-propylcyclopentadienyl) zirconium
dichloride and iscopropylidene (cyclopentadienyl)
{2,5-dimethyl-3,4-di-n-butylcyclopentadienyl)zirconium
dichloride; and

20 bridged asymmetrid metallocene compounds having a

silicon-containing group as the bridging group, such as
dimethylsilylene (cyclopentadienyl)

(2-methyicyclopentadienyl)zirconium dichloride,

dimethylsilylene (cyclopentadienyl)



5 phenylmethylmethylene (3-tert-butyl-5-methylcyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride, and dibromide compounds, dialkyl
compounds, diaralkyl compounds, disilyl compounds, dialkoxy compounds, dithiol 10 compounds,
disulfonic acid compounds, diamino compounds a#d diphosphine compounds of the above
metallocene compounds, and compounds corresponding.to the above metallocene compounds except
that the central metal is replaced by titanium or hafnium. 15[0202] Of the above metallocene

compountis; pesferyad grel ispptopytidens(tyclaperiadieny i flubresy b zeconium dichloride,
isopropylidene(cyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride, 20

isopropyltieneteyeiopentaciery -(B3:0-dptarthdtylkpianyl) zirconium dichloride,
isopropylidene(cyclopentadienyl) (octamethyloctahydridodibenzofluorenyl)zirconium dichloride,

- dibutylmetbylena(eyelpptntadietyd ffhtopenyd izirconitiom 86 dictllerdeie ,
dibutylmethylene(cyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride,
dibutylmethylenefeyslbpegntianie i) B dirteatdiidytaorenyl)zirconium dichloride, 5
dibutylmethylene(cyclopentadienyl) (octamethyloctahydridodibenzofluorenyl)zirconium dichloride,

cyclehexylidenefgyrtopehtarkemd il «orehybZitcoonimndichiotideoeyelehexylidene(cyclopentadienyl)
- (2,7-di-tert-butylfluorenyl)zirconium dichloride, 10 cyclohexylidene(cyclopentadienyl)

(3,6-di-tedti ety iiydrehyhy2isconiuyg dichiends ¢y eloh@xylidene(cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,

dimethylsiy ayclepentadignyl)fiearsmny b znganium :flsScdw.himrlmcduImt’rWIyI(cyclopentad|enyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride, dimethylsilyl(cyclopentadienyl)
(3,6-di-tedtiimatyifiyarenyhydisoniuny dichente d@ricdiyniethylsilyl(cyclopentadienyl)
20(octamethyloctahydridodibenzofluorenyl)zirconium dichloride. [0203] Specific examples of the

metallocerze aompayidsyia idren neifhboriny gioupsamoang RAZtoR20=0n the cyclopentadienyl ring
87 are linked together to form an indenyl ring or a substituted indenyl ring include

isoptopylidiemsfingéryl )l (Huerenit)yziioopamt alichéorigle) isopropylidene(indenyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride, 5 isopropylidene(indenyl)(3,6-di-tert- butylfluorenyl)

zirconiunt gliahiqridepisbpyopitidems(@tticmyl) { ¢ ctametimi acta kidridodibiei ofluorenyl) zirconium

dichloride, cyclohexylidene(indenyl)(fluorenyl)zirconium dichloride, cyclohexylidene(indenyl)
10(2,7-digtertenitylil sarepyigziee Ooium oicitdrid®] epctdhexylidene(indenyl)(3,6-di-tert-butylfluorenyl)
zirconium dichloride, cyclohexylidene(indenyl) (octamethyloctahydridodibenzofluorenyl)zirconium
dichloridd,2dimethytsily ¢ (rederydiifieaate rylyArconmordichloridéchloride, _
dimethylsilylene (cyclopentadienyl) |
15 {3—n—péntylcyclopentadienyl}zirconium dichloride,
dimethylsilylene(cyclopentadienyl)
(3-n-hexylcyclopentadienyl)zirconium dichloride,
dimethylsilylene (cyclopentadienyl)
(3-n-octylcyclopentadienyl) zirconium dichloride,
20 dimethylsgilvylene (cyclopentadienyl)
(3-n-decylcyclopentadienyl) zirconium dicﬁloride,
dimethylsilylene (cyclopentadienyl)

(2,3-dimethylcyclopentadienyl) zirconium dichloride,

dimethylsilylene{cyclopentadienyl)



15 dimethylsilyl(indenyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride,
dimethylsily1(indenyl)(3,6-di-tert-butylfluorenyl) zirconium dichloride and dimethylsily1(indenyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride. 20 In the invention, two or more differing
kinds of the metallocene compounds represented®®y Formula [14] may be used without limitation.
[0204] The bridged metallocene compounds represented by Formula 88 [14] are disclosed in WO
01/27124. [0205] Components (C) (c-1) Organometallic compounds represented by Formulae

5[18], [19](@nd f20me thy 1 ¢3-2) orgamoalineiny ) GyredRAINAS; 8Rd or i d&-4) compounds that
react with the components (A) and (B) to form an ion pair. The: compounds (c-1) may be those

compounds disclosed id {0 aPeA 41 1-3pe 1@ and P08 74005A filed by the present applicant. [0206]
Of the organometallic compounds (c-1) represented by Formulae [18], [19] and [20], those having

Formula [18] &redimeterhiecBpecifie exadmpiasaf)suickcompernds iclude 43 trialkylaluminums such
as trimethylaluminum, triethylaluminum, triisopropylaluminum, triisobutylalum'num, trihexylaluminum,

trioctylaludiimernhandstiil3-ethythexylalwp s dlialkylaluminum halides such as dimethylaluminum
chloride, diethylaluminum chloride, diisopropylaluminum chloride, 20 diisobutylaluminum chloride and

dimeghylalémifidi beorhipa calkylatenins i sesguihalides suchnas MmethWalyginum sesquichloride,
- ethylaluminum sesquichloride, isopropylaluminum sesquichloride, butylaluminum sesquichloride and

ethylaluniiurm Segdsibiomices ahgddlominta 82 dipalides such as methylaluminum dichloride,

ethylaluminum dichloride, isopropylaluminum dichloride and ethylaluminum dibromide; alkylaluminum

hydrides $dcH as dimethytaturioyibydsices dieshylaly minure hydrde :dikydrephenylaluminum
dimethyisilyﬁene(cyclopentadienyl)
(3,4-di-n-butylcyclopentadienyl)zirconium dichloride,

10 dimethylsilylene(cyclopentadienyl)
(2,3—ethylmethylcyclqpentadienyl)zixconium dichloride,
dimethylsiiylene{cyclopentadienyl)
(2,4-ethylmethylcyclopentadienyl) zirconium dichloride,
dimethylsilylene (cyclopentadienyl)

15 (2,5-ethylmethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene (cyclopentadienyl)
(Bumethyl-4—n—propylcyclopentadienyl)zirconium dichloride,
dimethylsilylene{cyclopentadienyl)
(3wmethyl~4—n—butylcyclopentadienyl)zirconium dichloride,

20 dimethylsilylene(cyclopentadienyl)
(2,3,4-trimethylcyclopentadienyl) zirconium dichloride,
dimethylsilylene (cyclopentadienyl)
(2,3,5—trimethylcyclopentadienyl)zirconium,dichloride,

dimethylsilylene{cyclopentadienyl)



5 hydride, diisopropylaluminum hydride, di-n-butylaluminum hydride, diisobutylaluminum hydride,
diisohexylaluminum hydride, diphenylaluminum hydride, dicyclohexylaluminum hydride,
di-sec-heptylaluminum hydride and di-sec-nonylaluminum hydride; and dialkylaluminum alkoxides 10
such as dimethylaluminum ethoxide, diethylalumiA8&m ethoxide, diisopropylaluminum methoxide and
diisobutylaluminum ethoxide. [0207] These compounds maybe used singly, or two or more
kinds 15 may be used in combination. [0208] Preferred organoaluminum oxy-compounds (c-2) are

aluminoxemnges pieparenhilom tialidalppringed ependheyciaaRylaltimiitmsandn particular,
organoaluminum 20 oxy-compounds prepared from trimethylaluminum or triisobutylaluminum are
preferable; $he ©rga@rgaldminarh oXy-compenads maydpensedidiaghy1 or two or more kinds may be
used in combination. [0209] 90 Examples of the compounds (c-4) capable of reacting with the
componeft (A) andéregamponeiiy By I forioare tonephiemeilifle 1 ewis: aaids, ionic compounds,
borane compounds and carborane compounds as described in JP-A-H01-501950, 5
JP-A-HO0&-56R2036 i 3-A-H03kA9PD5 i IR-Fe HO 347006 e AR A3 HOR520)7 703, JP-A-H03-207704, and
U.S. Patent No. 5,321,106. Heteropoly compounds and isopoly compounds may also be employed.
These corapaunasriay hepsSeshaitheud linntalior iHfo210m  diidrothiedalefin polymerization
catalyst of the invention is used together with an organoaluminum oxy-compound such as

methylaldmiroxane aisla teestd ystdorprenent iteychlalyst shows very high polymerization activity for
olefin compounds. 15 Further, an organoaluminum oxy- compound reacts with the active hydrogen in

the solid cayrierdand atsdlid Tagriel compmnent tantaining theachtatahist zhmpeneatimay be prepared
easily. In view of these advantages, it is preferable to use the organoaluminum oxy-compound (c-2) as
componehi ¢g).cA{a21 H:iolidicastérg (8] 1 v 1 dhe Sojid baprears §S)iwithide) described next. The solid
carriers (S) may be simply referred to as the components (S). [0212] 91 The solid-carrier (5)
optionally psed di thetihyantionis @éh-ineiganicleryarfapiercoatpioemng lin the fovmiafgranular Or fine
particulate solid. The components described hereinabove are supported on the solid carrier. 5[0213]
10 dichloride. ' :
[c105]
Examples further include bridged asymmetric metallocene
compounds corresponding to the aforesaid compounds except that
the isopropylidene bridging group of the substituted alkylene
15 group is altered to a di-n-butylmethylene bridging group;
bridged asymmetric metallocene compounds corresponding to the
aforesaid compounds except that the dimethylsilylene bridging
group of the silicon-containing group is altered to a
di-n-butylsilylene bridging group; bridged asymmetric
20 metallocene compounds corresponding to the aforesaid compounds
except that at least one of the hydrogen atoms of the bridging
group is replaced by a halogen atom; and bridged asymmetric

metallocene compounds corresponding to the aforesaié compounds

except that at least one of the hydrogen atoms of the substituent



Examples of the inorganic compounds and the organic compounds are as described hereinabove, with
the porous oxides and the inorganic halides such as inorganic chlorides being preferable. 10[0214]
The olefin polymerization catalysts of the invention may be prepared as described below. [0215] In a
first embodiment, the olefin polymerization 15 cat%x?ysts of the invention may be prepared by adding
the components (A), (B) and (C) to an inert hydrocarbon or a polymerization system containing an inert
hydrocarbon. [0216] The components may be added in any order, but are 20 preferably added
in exempl@RPoRerdasdedcritedbelowy c 1 of)sitmadtmanenents A added{ma pelymsyization system
in the order of the component (C), the component (A) and the component (B). - - ii) The components
are added'®l@ oIy nidrationFsatam g2 ifithe lederiofthe danippnasi)nthecorapanent (B) and
the component (A). iif) The component (A) and the component (C) are mixed and contacted
together. TREROWIES prsdute sradderttoabpolymen zatidoky steve ansktbersafigs the camponent (B) is
added to the polymerization system. iv) The component (B) and the component (C) are mixed
and contdctédfogetherr Tha Tohtt préthect (agdethtisa pelymerization Bysiemsand theteafter the
component (A) is added 10 to the polymerization system. v) The component (C) is added to a
polymeriZafi8hs¥stekv.erhe component (A) and the component (B) are mixed and contacted together,
and the contact product is added to the polymerization system. 15vi) The components are added to a
polymerizb@ibﬁ%@stem in the order of the component (C), the component (A) and the component (B).
The component (C) is thereafter added again to the polymerization system. vii) The components
are added to a pSiymickatempystad0lds theidredr abtheecortponmné §Ck shamsemperent (B) and
the component (A). The component (C) is thereafter added again to. the polymerization system.
viii) The &R TAFar@TIRCEGEgoReNt Y8} ale miveedbanidigentaeteddogether, and the contact
product is added to 93 a polymerization system. The component (B) is thereafter added to the
polymerifibhCSR IR &R e mponens(Q)tisaslded againttp Thd polystesization systam. ix) The
component (B) and the component (C) are mixed and 5 contacted together, and the contact product is
ad&gd toRF fdIgrRikatior Bystem: Theedmpbrenr@ds theteafiemasiied te the pelymerization
system, and the component (C) is added again to the polymerization system.

compounds include dimethylsilyzene(cyclopentadienyl)

(3-ethylcyclopentadienyl) zirconium dichloride,
dimethylsizylene(cyclopentadienyl)
| (3-n-propylcyclopentadienyl) zirconium dichloride,
15 dimethylsilylene(cyclopentadienyl)
(3-n-butyleyclopentadienyl) zirconium dichloride,
‘dimethylsilylene(cyclopentadienyl)
(3—n—octylcyclopentadienyl)zirconium dichloride,
dibutylsilylene(cyclopentadienyl)
20 (3-n-propylcyclopentadienyl) zirconium dichioride,
dimethylsilylene(cyclopentadienyl)
(3-n-butylcyclopentadienyl) zirconium dichloride,

dimethylsilylene(cyclopentadianyl)

(3-n-octylecyclopentadienyl) zirconium dichloride,



x) The component (C) is added to a polymerization system. 10 The component (A) and the component
(B) are mixed and contacted together, and the contact product is added to the polymerization system.
The component (C) is added again to the polymeﬁgation system. Of these, the addition
sequences i), ii) and v) are 15 patrticularly preferred. [0217] In a second embodiment, the olefin
polymerization catalysts of the invention may be prepared by adding a solid catalyst component (K1)
formed of the solid carrier (S) and 20 the components (C) and (A), and a solid catalyst component (K2)
formed of ﬁfefédﬁa%%l?ﬁetr?tgiﬁﬁﬁ HePcomipsHent<i BY 16 aff ihett hydrocarbon or a
polymerization system containing an inert hydrocarbon. [0218] 94 The components may be
brought into Corta @iy aRy Brder SoUt e BreferabRy contactdl miexentparyorders as described
below. xi) The component (C) is contacted with the component (S) 5 and then with the component (A) -
to form a'Solid tafafist ebmpoReit (K1) ‘Separdtelyy theGuripotehte)ds contacted with the
component (S) and then with the component (B) to form a solid catalyst component (K2). These
catalyst comporentsyareyiisbdin poRmetiz ot LORMN FHETcotMsonent iA)s EBAtacted with the
component (C) and then with the component (S) to form a solid catalyst component (K1). Separately,
the Bompoheht (B) 1 veritartbdulithithé EpAponeRty(C) ananiéswith tHe component (S) to form a
solid catalyst component (K2). These catalyst components are 15 used in polymerization. xiii) The
componeit {C)-is Contaeyath witld tHeaconsponeht {S)candithien dithi e eonitaet prodactietween the
component (A) and the component (C) to form a solid catalyst component (K1). Separately, the
componeint ()it icontactted with thelcompenent'209S ran:them withrd cdntaseprotlctdsetween the
component (B) and the component (C) to forma solid catalyst component (K2). These catalyst
componemtsiareused e golymerization] < i HiexTinegrcompoment{Cy & Tontacted witht thrercomponent
(S), then with the component (A) and thereafter again with the 95 component (C) to form a solid
catalyst componenti(Ki}x Sd¢panately;dhe tompenent!¢Ciscontacted: with the=gcamporsenty8), then
with the component (B) and thereafter again with the component (C) to form a solid catalyst
component K2)r hese Breatalystdapmpanentslare cised incpalymerizationt th©fthesesthe contact
sequences xi) and xiii) are particularly preferred. [0219] In a third embodiment, the olefin
polymerization-t0i catalysts {K3) ofithe irvention maydaenprepared by contactnp the:eeampodent (A),
the component (B), the component (C) and

include any other compounds that meet the requirements set forth

in the claims of the invention.
01077

15 Processes for producing bridged metallocene compounds

The bridged metallocene compounds of the invention may
be produced by any methods_witheut limitation. For example,
reference may be made to WO 01/027124. As an example, a
compound represented by Formula [1] in which Q' is a structure

20  of Formula [8] or [9] may bemanufacturedby the following steps.
(0108}
First, a precursor compound (10) cor {(19) for Formula [1]

may be produced by a process [A] cr [C].



the solid carrier (S) in an inert hydrocarbon. [0220] The components maybe brought into contact
in any order, 15 but are preferably contacted in exemplary orders as described below. xv) The
component (S) is mixed and contacted with the component (C). The contact mixture is brought into
contact with the component (A) and then with the spmponent (B). 20 xvi) The component (S) is mixed
and contacted with the component (C). The contact mixture is brought into contact with the component
(B) and then with the component (A). xvii) The component (S) is mixed and contacted with the
componenip® eThe contact mixture is brought into contact 96 with a contact mixture of the
components (A) and (B). xviii) The component (A) is mixed and contacted with the component (B).

The contact mixturgds, byoughtdgtoreantagt E%wpgg%é@@ngltmn <W:ith(Tg)cogg}pfonent (S).
t

5xix) The component (S) is contacted with the component (C). The contact productis brought into
contact with the camponemi{) shep it thes ogn%rg;g@e@gd ttlg}cocg%pongpt_ (B) . xX) The
component (S) is contactedwiththe component (C). 10 The contact product is brought into contact with
the compopenty(C), then with the component (B) and the component (A). xxi) The component (S)
is contacted with the component (C). The contact product is brought into contact with the ,
componep#(T) and therffyit B contact mixtufe of the compongnts 15(A) and (B). xx ) The
component (S) is mixed ntactedwvith the coﬁgpr‘f-"ent (C). The contact mixture is brought into
contact with a contact%ix ¥ %cﬁ"‘the compongntskA), (ﬁ)tﬁnd C). = xxiii) The component (S) is
mixed and contacted with thg 20 component (C). Thé&%ontact mixture is brought into contact with a
contact mixture of the components{A) and (C) and then with the component (B). xXiv) The
component (S) is mixed and contafted W @ component (C). The contact mixture is brought into
contact 97 with a contact mixture of the bonents| (B) and (C) and then with the component (A).
cafpohent (C). The contact product is brought into
contact with the 5 component (C), then with a-gontaci mixture of the components (A) and (C) and with
a contact mixture of the componerits (BQS/ \Rﬁ :

(13) R? 3
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and (C). xxvi) The component (S) is contacted with the component  (C)The contact product is
brought into contact with the 10 component (C), then with a contact mixture of the components (B) and
(C) and with a contact mixture of the components (A) and (C). xxvii) The component (S) is contacted
with the component  (C). The contact product i€%rought into contact with the 15 component (C) and
with a contact mixture of the components (A), (B) and (C). xxviii) A mixture of the components (A)
and (C) and a mixture of the components (B) and (C) are mixed together. The mixture is then brought
into cont?g ]Wi'[h a contact product 20 of the componentsy(S) and (C). xxix) A mixture of the
components (A) and (C) a miprre of the components (B) and (C) are mixed together. The mixture
is then brought into contactwith a contac proﬂﬁc%kﬂain d by contacting the component (S) and the .
component (C) and 98 cont g}ing the resultant é&nhtact product with the component (C) . When a
plurality of the components (C) are usedthe componentsg (C) may be the same or different from one
another. 5 Of these contact sequences, the sequences x\), xvi), Xvii), xxii),xxiii) andxxiv) are
preferable, and the sequences xv i) and kxii) afe mjore preferable. [0221] In the exemplary contact
sequences described above, the 10 step| (P1) whyich incluges contacting the components (S) and (C),
the step (P2) which includes confacting the corppgnents (B) and (A), the step (P3) which includes
contacting the components (S) and (B), and e sp whi¢h includes contacting the components (S),
(A) and (B) may be performed in the presence ¥5bf at least ®&e cgmponent (G) selected from
polyalkylene oxide blocks (g-1), higher aliphatic amides (g-2), Ikylene oxides (g-3), polyalkylene
oxide alkyl ethers (g-4), alkyl diethanakzamires (g-5) and poKoXyalkifiene alkylamines (g-6). The
presence of the components (G) inhibifgthe fouling during 28.¢fie polymerization and improves particle
properties of the obtainable polymers" J&'‘components (@),%), (g-2), (g-3) and (g-4) are

preferable, and (g-1) and (g-2) are parti((:H arly preferable. [022

(10)
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99 The solvents used in the preparation of the solid catalyst components include inert hydrocarbon
solvents, and in detail aliphatic hydrocarbons suc%u as propane, butane, pentane, hexane, heptane,
octane, decane, dodecane and kerosine; 5 alicycli¢ hydrocarbons such as cyclopentane, cyclohexane
and methylcyclopentane, aromatic hydrocarbons such as benzene, toluene and xylene; halogenated
hydrocarbons such as ethylene chloride, chlorobenzene and dichloromethane; and mixtures of these
hydrocarbons. 10[0223) When the component (C) and the component (S) are brought into contact
together,itgﬁ reaction site injthe component (C) apd the reaction site in the component (S) react with
each other fo form a chemi ond,_gesult ng in aicontact product between 15 the component (C) and
the component (S). The ti contact of the c@@onent C) and the component (S) is usually in the
range of 0 to 20 hours, and preferably 0 to*10 hofirs. The eontact temperature is usually in the range
of -50 to 200C, and preferably -20 to 120¢. If the'fhitial contact between the 20 components (C) and
(S) takes place precipitously, the reaction: heat or reaction gnergy breaks the component (S) to cause
a deteriorated morphology of the obtainable solj talyst component. The use of such component in
polymerization will result in difficult continlous opgration due to bad morphology 100 of the polymer.
Thus, the initial contact of the components (C) (S) is preferably performed at a low temperature of
-20 to 30C to avoid the generation of reagtion heat. In another pieferreéd embodiment, the reaction is
carried out at a rate which permits maintaining the initial contact genyperature while controlling the
reaction heat. These preferred embodiments als&&pply to cases wiiefe the components (C) and (S)
are contacted together and the contackprogiict is then contacted mwith the component (C). The molar
ratio in 10 contacting the components ( nd (S), (comporrent (C)/component (S)), maybe selected
appropriately. The highé?‘tﬁ‘é’?nd"étr rati erarger the amounts ‘of the components (A) and (B) that
can be contacted with the contact produc:E?Lresulting in improved agctivity of the solid catalyst
component. 15[0224] The molar rati of the component (C){o the component (S) [= molar amount
of component (C)/molar amount of component (S)] is preferably e range of 0.2 to 2.0, and
particularly preferably 0.4 to 2.0. 20[0225] The contact of the‘¢ontact product of the components
(C) and (S) with the component (A) and the component (B) is usually carried out for O to 5 hours,
preferably0Ltb42 hours, and at -50 to 200C, preferably -50 to 100C. The contact amounts of 101 the
components (A) and (B) are greatly dependent on the kind and amount of the component (C). In the
case of the component: k- F), theadomperientsareRisethinkdmennts Sush ¢hat ke meotar ratio [(c-1)/M]
of the component (c-1) to all the transition metal atoms (M) in the component (A) and the component
(B) is generally irbthe range of SOl 4e 100;060;@ndodrefarably G:0540 58,0D0ndrt the caseaof the
component (c-2), the components are used in amounts such that the molar ratio [(c-2)/M] of the
alunsinura aterms ircthescorhperent ¢-2)'te ath thé tsanrsitian: 4 0metd @jemso(Myin theicomiponent (A)
and the component (B) is generally in the range of 10 to 500,000, and preferably 20 to 100,000. In the
case of the eamponsatt (€=3), the compenends are dsetrinamaurts stuchk dat the motar ratial [(c-3)/M]
of the component (c-3) to all the transition metal atoms (M) in the 15 component (A) and the
componeniBrisrgenerally in thejrange of 1 40 10.zanrd preferably 1tob: dhetatia af thecomponent
(C) to all the transition metal atoms (M) in the component (A) and the component (B) maybe
determingd by-nductivelyceupled plasma (&) opticaliemissien spestiometph 20[0226}s, The
guantitative ratio of the component (A) and the component (B) may be determined appropriately
depending,en the:desirgd melecularweight-and:meleculas weight distriaution of thezpalyelef in. In a

preferred embodiment, the ratio of a
10 isomers, other lsomers differing in the position of the double

bonds in the cyclopentadienyl rings cr mixtures of such iscmers
may be used.

Examples of the alkali metals used in the reactions [A]
to [D] include lithium, sodium and potassium, and examples of

15 the alkaline earth metals include magnesium and calcium.



102 polymer afforded by the component (A) and a polymer by the component (B) [= amount of polymer
afforded by component (A) /amount of polymer afforded by component (B)] is in the range of 40/60 to
95/5, preferably 50/50 to 95/5, and particularly 5 preferably 60/40 to 95/5. Herein, it is preferable that
the amount of polymers afforded by the compones (A) is larger, because the component (A) gives
macromonomers and a larger amount of such macromonomers is more advantageous in the formation
of long-chain branches. The molar ratio of the 10 components (A) and (B) in terms of the transition
metal compaupd 4 notliiediasllongAs the abode rataot-pelgmer amntitieis satistiediel he ratio
may be selected appropriately depending on the ratio of activities exhibited by each of the solid
catalyst eomapansnis ebtaingd by hsimgsty threoninictd bpraoduci:of thei earbpaeents ¥5xend (C) into
contact with the component (A) or the component (B). The proportions of polymers afforded by the
componefis{(h)sanc (B) mayna deteyminasthased-enthes pebloReparation asxvitbe deseribed later.
20[0227] Olefin polymerization processes using olefin polymerization catalysts (a) or olefin
polymerizatoneatalysts 48) a ce t B satid casalysiaompanentsudstdescribeshkerginanoye may be
used directly to catalyze (co) polymerization of olefins. 103 Alternatively, an olefin maybe
premlymesized svithethe solid catadystaoaponent to give a prepolymerized solid catalyst component
[0228] The prepolymerized solid catalyst component may be prepared by prepolymerizing an olefin
in the presence Jof the solid catalyst component, usually in an inert hydrocarbon solvent. The
prepolymerization may be performed by any processes such as batch processes, semicontinuous
processes 10 or Thatimsaisiiroeesse Se ungenanspresguieecontididns sdcli asmedieed pressure,
~normal pressure or increased pressure. In a preferred embodiment of the prepolymerization, the
prepolymerged:sotic ecajalysteaiapinent isfofmel kmsad hincent etedlito 2688y Jmefd®@ably 0.1 to
800 g, and more preferably 15 0.2 to 500 g per 1 g of the solid catalyst component. [0229] In an
embodiment{ #ie. prepodyaasized sobe eadalyst cdmpdnentferatespa the triest hydrocadoen, solvent
may be separated from the suspension and resuspended in an inert 20 hydrocarbon solvent, and an
olefin mayre fedktantesdlispeasioncahipiteddy may besfeshaftas dlad sashénsianys dnh@MOZSO] The
prepolymerization temperature maybe in the range of

known methods.

[0116]
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104 time may range from about 0.5 to 100 hours, preferably about 1 to 50 hours. The olefin used in the
prepolymerization is similar to an olefin to be used in the polymerization as will be described later.
Preferably, the olefin used in the 5 prepolymerizat on is an olefin based on ethylene. [0231] The
solid catalyst components described hereinaboveifiay be used in the prepolymerizat on without
limitation. Where necessary, the component (C) may be used, and in particular 10 an organoaluminum
compound (c-1) represented by Formula (11) may be preferably used. When the component (C) is

used, the molar ramn@eofgbg@jw_g@yn&g (ﬁi )li the co ent (C) to the transition metal
compound, (component (C)/transition metal comgou[jr]])d)?rﬁaﬁée)ﬂn IE?((aC ?Qﬁ@%doﬁyﬁmiofa‘oo, and

15preferallyd.beta &:000: {0282 + [Bjefgrigggg fjan, e solid catalyst compongnts in the
prepolymerization system, namely, the solid cataly§ cor%qégn%eﬁt%ﬂ%é?lrco g’&ﬁ?\earﬁﬁﬁo]ﬁa@o’rume, is

usually inthe: 20range efik i 3000943 and slesigab 0 500 g/L. The_prepqlymerization may be
carried out in the presence of the componegnt (G)to %ﬁl It f(?ulfiﬂg%ﬁo far% ?o%?é ﬁéﬁﬁaé pt8perties.

[0233] 10in ordhe rempanesh (Gl may he geperally mixed and contacted with the solid catalyst
components at a temperature similar to the prepoIymerizag)%rtae%nupre?aﬁjﬁ.“ﬁ?e hfhauht fifereof based

on 1@0 parts lyi weight @f Hesolid Gatalyst components 5 is in the range of 0.1 to 20 parts by weight,
preferably 0.3 to 10 parts by weight, and more preferably 0.4 to 5 parts by weight. [0234] In order to
improve flpgabdity of the prepolymerized 10 catalyst components or to inhibit the occurrence of heat
spot, sheeting or polymer bulk during the polymerization, the prepolymerized catalyst components

produced by the prepalyrgerizat ian MAayRe cQ t ith the. component (G). In this_case, the
component (G) is prefeﬁ%ly (9-1), (9-2), (g-3) %?gr%gl-%mgngl%oﬁraezﬁﬁﬁﬁéJp%é’feJrQEI}‘(ij.‘-ﬁ) or (g-2).

[0235] alEhshahave m@d@g{@g@tggh\git@%cggpggggégé is %suaeljx é:arrf'n d out at -50 to 50C,
preferably -20 to 50C, and for 1 to 1000 minutes, préferably 5 to 00 Finutes® 6@5@6] When the

solid catatyst oRweneats aedrixed R coniacted wit mponent (G), the component (G) is
used in an amount of 0.1 to 20 parts by weight, prefera%é%\?é%g % r|%)Sar%=s Y v@&éﬁ?}"aﬁﬁ)ﬂﬁ]ore

preferably dl4itmb pans byyyeight; 106ners such as THF, di-n-butyl ether
cyclopentylmethyl ether, dioxane and 1, 2-dimethoxyethane; and

halogenated hydrocarbons such as dichloromethane and

chloroform.

{0119]

15 The alkali metals used in the above reaction include
lithium, sodium and potassium. The alkali metal hydrides
include sodium hydride and potassium hydride. The organic

alkali metals include methyllithium, butyllithium ang
phenyllithium.

20 {0120]

Next, the dialkali metal salt (28) or (30) is subjected
to the subsequent reaction, preferably after purification.
The purification may be performed with solvents such as

aliphatic hydrocarbons such as pentane, hexane, heptane,



based on 100 parts by weight of the solid catalyst components. [0237] The solid catalyst
components and the component (G) may be mixed and contacted together in an inert hydrocarbon
solvent. 5 Examples of the inert hydrocarbon solvents are as described hereinabove. [0238] The
prepolymerized catalyst components may be dried@to afford dried prepolymerized catalyst
components, which may be 10 used as an olefin polymerization catalyst in the invention. The
prepolymerized catalyst component is usually dried after the prepolymerized catalyst component is
separatedsfroneHeedhydrcoadbdachdpersiarordiunt Byy dorasaniphe ilkeraty delsespension. 15[0239]
The prepolymerized catalyst components may be dried under a stream of an inert gas at a
temperatuce oenet mord thphas;, andipreferablyin e ERAGe ofl 2010 BOCyY T'hetdred prepolymerized
catalyst component preferably has a volatile 20 component content of not more than 2.0 wt%, and
preferablg ot arosesthdn 1 .D-witteA lowaratoistite commpbheritacpaternt éuithy dried prépohamerized
catalyst component is more preferable. The lower limit thereof is not particularly limited, but is
practically 004 svtPoc The dryiag tiare: depé mdslar thibcdrying ADT berapesatlreeotthe tikes but is
usually in the range of 3 to 8 hours. [0240] If the volatile component content in the dried 5
prepblymetizpt xataty Styxdmpomehbascendsi?. 6. wigsrthe meed pee@ulpmetizedt eatalyst component
shows lower flowability and may not be supplied stably to a polymerization reactor. The angle of
repose oftheldifestqprepobmakrired:Chialy stxoo mpone np isefot madregthan 50, preferably in the range of
5to 47, and 10 more preferably 10 to 45. If the angle of repose of the dried prepolymerized catalyst
componeft I2ihlexcess of 50, the flowability of the dried prepolymerized catalyst component is low
and the component may not be supplied stably to a polymerization reactor. 15[0241] The volatile
component conteént intthesirisskegrepoly medzeticatalyst eofipoheal maydeadetearhined By a weight
loss method or gas chromatography. [0242] 20In a weight loss method, the dried prepolymerized
catalyst ecomp@fent isheated aed 104 fanl hogrinian Fekvgastatwiospharecampthan@sultant weight
loss is-obtained in percentage relative to the weight of the dried prepolymerized catalyst component
befote thedratingn 168 [B4Formuhbaa dds¢hromatography method, volatile components such as
hydrocarbons are extracted from the dried prepolymerized catalyst component, a calibration curve is
drawn according to 5 anNi#ternal-stdAdard method, and the volatile component content is determined in

wt% from the GC area.
wherein M is a metal selected from titanium, zirconium

and hafnium; a plurality of X are halogens, arii-onic ligands
and neutral ligands capable of coordination through lone-pair

15 electrons and may be the same or.different from one another;
and k is an integer of 3 to 6. The reaction results in a bridged
metallocene compound of Formula [1]. To prevent the formation
of by-products, preferred organic solvents are aliphatic
hydrocarbons such as pentane, hexane, heptane, cyclohexane and

20 decalin, and mixed sclvents containing aliphatic hydrocarbons
at not less than 50 wt% and ethers. The aliphatic hydrocarbons
such as pentane, hexane, heptane, c¢yclohexane and décalin are
particularly preferred.

{0122]



[0244] In the determination of the volatile component content of the dried prepolymerized catalyst
component, a weight loss 10 method is adopted when the volatile component content in the dried
prepolymerized catalyst component is approximately 1 wt% or more, and a gas chromatography
method is adopted when the volatile component cgntent in the dried prepolymerized catalyst
component is approximately 1 wt% or less. 15[0245] Examples of the inert gases used for the drying of
the prepolymerized catalyst components include nitrogen gas, argon gas and neon gas. In the inert

gases, it is desirablgd entration is not more than 20 ppm, preferably not 20 more
than 10 ppm, more prgi%%?tﬁg) r)%%%lmoﬁgg %%anoéa pkanﬁ? and the WAL SotRéMIERGEMoRYthan 20 ppm,

preferablysgtanare than 10,pam, Mare preferably not more than 5 ppm. If the oxygen concentration
and the water content in the inert gas exc‘:%é% t Zel a eoti'/xéar‘élﬁégéﬁhg%‘f@fﬁ%ﬁﬁ?y%ﬁ?&ﬂd?‘?activity of the

109 dried prapalymeriz ts may be greatly deteriorated. [0246] ~ The dried
prepolymerized catalys?%ﬁ%ﬁ%@%gogfgf%n% p%%)}:rﬁg%f?ai%yﬂtageo?ﬁﬁ’lﬁ]tﬁ%gJn"r\ﬂe]ﬁ’ti@ﬁ have

excellent flpwabilityandcan e st sypplied to a palymerization reactor. Since the solvent used to
suspend the catalyst component has ee%%efr%%\'/e %%%?g ﬁéteé}fi) Hgad phgdet de,

polyrgerization s m, rizati nay be performed. 10 stably, [0247] Next, processes for
e e R LRER i ol e Ser bt AP

producing the ethylene polymers according to tHe prese e ethylene

polymerspf the vegatian @E?c@?téié‘e'?x-ﬁg,% )irnsr_i%iﬁg 1? %’2 t:c}(l)%)oIyn%ie,rizin olefins_in the presence of
ribe e

the olefin polymerization catalyst desc ereinabove. e ﬁyle é”f)% r8%the invention

contain e@y@r@i%é@g@&égﬁgl}g ‘mol% in the polymer. [0248] 20In the invention, the polymerization
maybe carried out

[0123]
The organic solvents used herein are.similar to those

10 described hereinabove. The dialkali metal salt.and the
compound of Formula (32) are preferably reacted in equimolar
amounts in the organic solvént at a reaction temperature of
-80 to 200°cC.

[0124)]

15 The metallocene compound from the reaction may be
isolated and purified by methods such as extraction,
recrystallization and sublimation. The bridged metallocene
compounds according to the invention obtained by the above
processesmaybeidentifiedbytechniquessuchasprotonnuclear

20 magnetic resonance spectroscopy, °C nuclear magnetic
resonance spectroscopy, mass spectrometry and elemental
analysis.

[0125]

Olefin polymerization catalysts (a)




by any of liquid phase polymerization processes such as solution polymerization and suspension
polymerization, and gas phase polymerization processes. The polymerization catalyzed by the olefin
polymerization catalyst of the first embodiment of the 110 invention is preferably performed by a
solution polymerization process. The polymerizatig® in the presence of the solid catalyst components
according to the second or third embodiment of the invention is preferably carried out by a suspension
polymerization process or a gas phase polymerization process. [0249] The liquid phase polymerization
process may userae ingletfyidroparbpmesoivant. ikkxanples theseaf ineludealiphatic kydsocarbons such
as propane, butane, pentane, hexane, heptane, 10 octane, decane, dodecane and kerosine; alicyclic
hydrocarbongsunemas cy@opentdnd Qyclohexane and methylcyclopentane; aromatic hydrocarbons
such as benzene, toluene and xylene; halogenated hydrocarbons such as ethylene chloride,
chlorobenzerssadnd dichloromethane; and mixtures of these 15 hydrocarbons. The olefin itself may be
used as a solvent. [0250] In the polymerization of olefins with the olefin polymerization catalyst, the
component (A) abditbecemponant: (B)leze leathigsdd e an aimoumt of &0:42taik0b1mol, and preferably
2010-8 to 10-2mol per liter of the reaction volume. As the component (C), an organoaluminum
compounckefoxBereptesénted BpFomiala [1]) adagbe.particularly preferably used. 10251] 111
components, the polymerization temperature is usually in the range of -50 to +200C, preferably O to
170C, particularigpreferabty 6010 178€, badthe pod/merzationpressiae isdefierally irhie range of
atmospheric pressure to 100 kg/cm2, 5 preferably atmospheric pressure to 50 kg/cm2. The
polymerizatmmemayphe icatriedyouttbatchwise, semi-continuously or continuously. It is also possible to
carry out the polymerization in two or more stages under differing reaction conditions. 10[0252]

The molecular wéight bf thegeltaimabiel éthylerenpoiymds magrirecenttalid ddyy thexpredersce of
hydrogen in the polymerization system or by changing the polymerization temperature. In the
polymeriZatian, thelédmpaowdent (&) neyiber 15 used to inhibit fouling or to improve particle properties.
[0253] For the polymerization, one or more olefin monomers are selected from ethylene and C3-20
olefips. In a prefdre®) organcaluminum oxy-compounds; and

(c-3) compounds that react with the component (&) to form
an ion pair;

[0127]
R*,ALl (OR") , H, X, - [11]

15  [0128]
wherein R* and R® are each a C1-15 hydrocarbon group and
are the same or different from each other; X is a halogen atom;

0<m<3, 0<n<3, 0Sp<3, 0=5g<3 and m + 1 + D + q = 3;

[0129]

M2 A1R®*, »-...[12]

20

[0130]

wherein M® is Li, Na or K; and R® is a C1-15 hydrocarbeon



embodiment, at least one of the monomers is ethylene or 20 propylene. In a particularly preferred
embodiment of the olefin polymerization, ethylene is homopolymerized or ethylene and a C3-20 olefin
are copolymerized. Examples of the C3-20 olefins include a-olefins such as propylene, 1-butene,
1-pentene, 1-hexene, 4-methyl-I-pentene, 1-octeri®, 1-decene, 112 1-dodecene, 1-tetradecene,
1-hexadecene, 1-octadecene and 1-eicosene; and cyclic olefins such as cyclopentene, cycloheptene,
norbornene, 5-methyl-2-norbornene, tetracyclododecene and

52-methytdedip 8-dimethano-1,2,3,4,4a,5,8,8a- octahydronaphthalene. Examples further include
styrene, vinylcyclohexane, diene, acrylic acid, methacrylic acid, fumaric acid, maleic anhydride; and
polar monpmeys such as methyl acrylate, ethyl acrylate, methyl methacrylate, ethyl 10 methacrylate
and methacrylic acid. [0254] In general, olefin polymerization catalysts increase activity for
ethylene polymers as the molecular weight of ethylene polymers is lower or the proportion of terminal
double 15Rmﬁs isNgIghethreby afprding a large number ¢f lang<ghain branches: The component
(A) in the inventibn can afford pSlymers ﬁaving a relatively low molecutar weight and a large number of
terminal double bonds. Such polymers are effectively combined together by the component (B) to give
polymers hayaw]20 a larger number of long-chain branches compared to conventional polymers.
Further, the polymerization activity of the companent (A) provides high productivity in the production of

the polymers having:a éarger nusmkeref long-caain banebes [B96dbdddGenerabeharagieritics o
r

polymers (macromonomers) afforded by olefin polymerization catalysts (a) Polyme

(macromaenemers) affordedbysthelefihe pelymerizationaatalysig(a)okthednyention have

unsaturated 5 bond sites such as vinyl groups at molecular terminals, and have a number average

moleculamypight (Mg bydGPE indhg range(:5.000 40 20.000, preferably 5 QQQE{) 15,900, and more
preferably 5,000 to 14,000. [0256] 10The number of terminal vinyl bonds in t?fé polymers
(macromenamers) mayzhe determined by known methods such as 1H-NMR, 13C-NMR and FT-IR. In

the invention, 1H-NMR or FT-IR is used. [0257] 15The terminal vinyl percentage (%) is calculated
from: terminal virpth pescertage K¥) vn/2400@ 5Mne<a%gq}g\gggrgig}a s A pHmper C911“u¥i£1¥hterminals

per 1000 methylene carbons in the polymer main chain, Mn is a number average
10 a solid carrier (8) as required.

[0133]

The component (C) and the solid carrier (8) will be
described in detail below.

[0134]

15 Components (C)

The compounds (c-1) may be those compoﬁnds disclosed in
JP-A-H11-315109 and EP0874005A filed by the present applicant.
[0135]

Of the organometallic.compounds (¢-1) represented by

20 Formulae {11], [12] and [13], those having Formula [11] are
preferable. Specific examples thereof include
trialkylaluminumssuchastmimethylaluminum,triethylaluminum,

triisopropylaluminum, triisobutylaluminum, trihexylaluminum,



molecular weight, and Mw is a weight average molecular weight ) . 20 When the terminal vinyl
percentage is 20%, ax Mn = 2800. When polymers having a terminal vinyl percentage of less than
20% are used as macromonomers to form long-chain branches, they do not substantially undergo
polymerization and remain unreacted, resulting ingpolymers with a small number of 114 long-chain
branches and unsatisfactory shaping processability. The polymers obtained according to the invention
have a x Mn in the range of 2,800 to 14,000, preferably 4,000 to 14,000, and more preferably 5,000 to
14,000. i eadioyafdhemiight Ssaveragd Al ectigil Weighl @Mwintotive number average molecular
weight (Mn) , (Mw/Mn) , is in the range of 1.0 to 3.5, preferably 1.5 to 3.5, and more preferably 1.5 to
3. MacrogiaDiers batisfying thedd derditanshage dhight propettion efterminaburishktyrated bonds
and a lower molecular weight compared to known 10 products. Thus, they can be copolymerized at a
high rateg aad extellant maltflovh propedfiies dadd sbapingptecessability arelabtdided. [0258] Because
of the large number of terminal vinyl bonds, the 15 macromonomers obtained according to the
inventiondrhay dieweasily modifiednby:piaftivigier thadliked tre détall sthembaconionomiets may be modified
by an oxidation reaction, a grafting reaction or an ene-synthesis reaction to functionalized olefin

polymersaQkgidfn pablmer potergesincohdessiteunatenial sx@rtexkaaiplei2Mantistatic agents, cosmetic
additives, toner release agents, pigment dispersants, vinyl chloride resin lubricants, paints, adhesives)
. [0259] Genreral chdractadisticeofathyltne polpmerssaffordéd by 1 d&5 olefin polymerization catalysts
(b) In general, olefin polymerization catalysts increase activity for ethylene polymers
(macrombaopesgydstren i mole adanweight of thieethileng Jpolyamesymacromonomers) is 5 lower or
the proportion -of terminal double bonds is higher, thereby affording a large number of long-chain
branches déeudorhianeint £/9 1 the ipvientionicamnraéfe rdypdlipmensi Havi ragla val afivedi towmmolecular
weight and a large number of terminal  double bonds. Such polymers are effectively combined

together A Diyithé eonporient (3) he ghz;el;ai]ymermtnaﬁmg:hlangedaun%pl lohgrchambranches
compared to conventional polymers.
10 dichloride, iscopropylaluminum dichloride and ethylaluminum

dibromide; alkylaluminum hydrides such as dimethylaluminum
hydride, diethylalu@inum hydridef dihydrophenylaluminum
hydride, diisopropylalﬁminum hydride, di-n-butylaluminum
hydride, diisobutylaluminum hydride, diisohexylaluminum

15 hydride, diphenylaluminum hydride, dicyclohexylaluminum
hydride, di-sec-heptylaluminum hydride and
di-sec-nonylaluminum hydride; and dialkylaluminum alkoxides
such as dimethylaluminum ethoxide, diethylaluminum ethoxide,
diisopropylaluminum methoxide and diisobutylaluminum

20 ethoxide.
[0136]

These compounds may be used singly, or two or more kinds

may be used in combination.

[0137]



Further, the polymerization activity of the component (A) provides high productivity in the production of
the polymers having a larger number of long-chain branches. 15[0260] Ethylene polymers
produced by polymerizing ethylene or copolymerizing ethylene and a C3-20 olefin in the presence of
the olefin polymerization catalyst (b) have the follWing characteristics. 20[0261] Characteristics Two
or more peaks are observed in gel permeation chromatography (GPC), and Log (Mmax) at the peak
top of the maximum peak is in the range of 3.8 S Log (Mmax) S 4.6, and 116 preferably 4.0 S Log

(Mxa.) S 4.4. Thepeakdnteadity fdxaxd o1 the: maxinaw peskweihe peak sitensity (Hsecona) of the

second maximum peak have the relation: Hma. B 2 x Hsecond [0262] 5Gel permeation

chromatography (G4} ds petferaed with tse of geh permeationGhrematpgraph Alliance GPC 2000
(high temperature size exclusion chromatograph) manufactured by Waters, and a molecular weight

distribution:ciiryesretanied] The gerpermeation ehromatearaphy-gandiions,ar,as follows. 10
[Chromatograph and conditions] Chromatograph: Gel permeation chromatograph Alliance GPC

2000 (Waterg) compoalydis softyaresGhmrsatogiaphydaa sysigrmEmpawer (Waters) 15Columns:
Two TSK gel GMH6-HT columns + two TSK gel GMH6-HTL columns (each 7.5 mm in inner diameter

and 30 crti:ini lengthy pdrdfacturadiby FO S0H GRRFORATION) orgMabile phase:n

o-dichlorobenzene (= ODCB) (special grade reagent manufactured by Wako Pure Chemical Industries,
Ltd.) 20Detegtarodifferantial refractemeser batlninipe dwomaowank) Columadempesaiyre: 140C
Flow rate: 1.0 mL/min Injection amount: 500 ILL
used in combination.
[0138]
Examples of the compounds (c-3) capable of reacting with
10 ‘;he component (A) to forman ion pair include Lewis acids, ionic
compounds, borane compounds and carborane compounds as
described in JP-A-H01-501950, JP—A~H01»502036,
JP~A-H03-179005, JP-A-H03-178006, JP-A-H03-207703,
JP-A-H03-207704, and U.S,.Patent No. 5,321,106. Heteropoly
i5 compounds and isopély compounds may also be employed. These
compounds may be used without limitation.
[0139]
When the clefin polymerization catalyst of the invention
is used together with an organocaluminum oxy-compound sﬁch as
20 methylaluminoxane as a cocatalyst component, the catalyst
shows very high polymerization activity for olefin compounds.
Further, an organcaluminum oxy- compound reacts with the active

hydrogen in the solid carrier, and a scolid carrier component

containing the cocatalyst component may be prepared easily.



117 Sampling time intervals: 1 sec Sample concentration: 0.15% (w/v) - Molecular weight
calibration: monodisperse polystyrenes (manufactured by TOSOH CORPORATION)/ranging.in
molecular weight from 495 to 20,600,000 The molecular weight distribution and the average
molecular weights are calculated in terms of polyéfhylene in accordance with a general calibration
“procedure described in J. Polym.Sci.,B5, 753, Z.Crubisic,P. Rempp,H.Benoit (1967). 10[0263] In the
invention; the maximum peak in GPC is defined to be (i) a point on a GPC curve at which the local
maximurBvaitieeis refchdts ot (Hdvpoineas s .GRC cupv@whichigiasthedoss endtisum or local
minimum value in secondary differentiation 15 of the GPC curve. In the case where peaks overlap one
another emfraricecnsrtentipsiiservad tyhd alsingle prak orrehaeashd@ders, the maximum peak
may be effectively determined based on the local maximum and the local minimum values in
secondarly0 14 @ifferentiation. 20[0264) When the peak intensities of the peaks determined by the
above method are assigned the letter H, and the peak intensity of the maximum peak and that of the
second Aadiffint pezk areadSgned the code Hmax and Hsecona, respectively, these peak 118
intensities satisfy the elation: Hms.2 x Hsecona [0265] In the ethylene polymers according to the
invehtion, the m&4imuwa Pedicwhichagived $bgiMihPpat arcgddied gt Hmhis 5asdally assigned
to polymers catalyzed by the component (A), and the peak giving Hs econd is frequently assigned to
polymers=By tHeeesmpBhenatHPer iy pedieas &l be deschbed tavrI026615L00%he- polymers
afforded by the component (A) show a relatively small molecular weight on a GPC chart and have
terminal d8&Bl2lbonds to behave as part of monomers (macromonomers) that are polymerized,
forming long-chain branches. In detail, it is more advantageous for the formation 15 of long-chain
branches that th&pelyErdsdaftiged &y tHe boﬁ%‘@ﬁ@ﬁ?{@%ﬁ%@nﬂé |arge prBiy6itibA @ the

polymers produced in the polymerlzatlon
is an inorganic or organic compound in the form of granular

10 or fine particulate solid. The components described
hereinabove are supported on the solid carrier.
[0142]
ExamplesoftheinorganiccompoundsincludeporduSOXides,
inorganic halides, clays, clay minerals and ion-exchange
15 layered compouﬁds. Preferably, porous oxides or inorganic
halides described below are used.
[0143]
Examples of ;he porous dkides include Si0;, Al.0;, MgQ,
ZrQ, TiOz,Bzog,CaO, Zn0, BaO, ThO,, and complexes and1nixtu£es
20 containing these oxides, such as natural or synthetic zeolites,
SidangO, S104-A1503, 810;-Ti0z, $510,-V305, S10;-Cr;0; and
810;-T10,-Mg0O. df the§e, those containing S$i0, as the major
componenﬁ are preferable.

[0144]



[0267] Although lower molecular weights of the polymers afforded 20 by the component (A) are more

advantageous for the formation of long-chain branches, an excessively small molecular weight results
in lowered mechanical strength of shaped articles such as films or causes operation failure due to the
attachment of the polymers to polymerizer walls. I§3he molecular weight is 119 large, such polymers
are not incorporated as macromonomers to make the formation of long- chain branches difficult. Thus,
the molecular weight is desirably in an appropriate range. [0268] 5The polymers obtained herein

substantially providesthiegpgaks. d hexfirslRealds assigngd 10 hepalymiers,aifarded by the

component (A) (also referred to as the component (A) peak), the second peak is derived from the

polymers affersiaddnethe corponent (R)aiso eafestediio éé&l}%ﬁ%@@g@ﬁ‘&@ﬂeﬁ%c%o and the third

peak is observed when both the components (A) and (B) are used (hereinafter, also the third peak) .

The ratio rtizase paaks Maye pregiaslycieterminashy sepasating thapeaks, Y Rdnpthod as

described below. [0269] 15In the case where the peaks overlap one another an are3cohsequently

observedza be@ singlepaak of,to have shoudders, the peaks maybe separated by a method described
below and the ratio of the component (A) peak, the component (B) peak and the third peak may be
detesninegh peesisely. 20[0270] Peaks in a molecular weight curve (G1) of an ethylene polymer
produced by the polymerization process according to the invention were separated by the following

method using a maleawagweight survedia) of 8n sfladeng palyjer {hatavas 120 cafalyzed by a
particulate catalyst composed of the component (A), the component (C) and thé component (S) (the

polymer maysadlsgreferrethto agthe palimetafiardediby-thg.companent (A).alene).and a molecular

weight curve (G3) of an ethylene 5 polymer that was catalyzed by a particulate catalyst composed of

the compeae®ti(®}, theicomuenent {Chard the Gonapansnt£$S) (he RQlymermay be also referred to as

the polymer afforded by the component (B) alone) wherein the polymerization conditions were identical

to those i dBmeraductionfahed G ethviane palwRELoLile Brasent jysfions Hergla, the molecular
i dathepca? u

weight curves were obtained by GPC measurement as déscribed above, an culation for peak

separationuras cenduciad sisingExeel(r) 97 mapgfagiuedy-Microsoefh Cogparaligny, 25[}] With
respect to the numerical data of the molecular weight curves (G1), (G2) and (G3), Log (molecular

weight) veasiohtaipedet ingnrds ofF0.62 sandthegniansity [dwyddog malecWarweighp] was
normalized such that the area of the molecular weight curve was 1.
carrier may be calcined at 100 to 1000°C, and preferably 150
to 700°C before use.
[01456]

15 Examples of the inorganic halides include MgCl., MgBr,,
MnCl; and MnBr,. The inorganic halides may be ﬁsed as they are
or after pulverized by a ball mill, a vibration mill or the
like. Alternatively, the inorganic halides may be dissolved
in a solvent such as an alcchol and then precipitated by a

20 precipitating agent to be used in the form of fine particles.
[0147]

The clays are generally comprised of a clay mineral as

the major component. The ion-exchange layered compounds have

a crystal structure in which planes formed by ionic bonding



20[2] A synthetic curve (G4) was prepared from the curves (G2) and (G3). [3] The intensities at the
molecular weights in (G2) and (G3) were modified appropriately by a constant fraction such that the
absolute value of the difference between the 121 intensities at the molecular weights in (G1) and (G4)
was not more than 0.0004. On a high molecular wgight side, the intensity in (G1) and the intensity in
(G4) differed by more than 0.0004 in absolute value due to the influence of the third peak. In view of
this, the intensities in (G2) and (G3) were modified such that the absolute value of the difference

between ghe tHensitigsin(Gh and G wasoratdpom-than:0:00Q4 o adawer yalacwiamweight side.

[4] A region which was found on a higher molecular weight 10 side than the peak top and in which the

curves (Ghrand(s4) dichaot:oueyapsach atherk pamede3h) d(Q brs(54) howas defired as the third
peak. The weight fraction Wa of the polymers afforded by the component (A), the weight fraction Wb of

the polymearssafiorded by the compenantyd) rngdhe aveighickhifaegtion Y3 ok thetbird peak are
calculated as follows. [0271] Na = S(G2)/S (G1) Wb = S(53)/S (51) W3 = S(55)/S (51)
clay minerals and the ion-exchange layered compounds are not
5 limited to nmaturally occurring materi.als and may be synthetic.
[0148]

Examples of such clays, clay minerals and ion-exchange
layered compounds include clays, clay minerals, and ilon
crystalline compounds having such a layered crystal structure

10 as a hexagonal closest packing type, an antimony type, a CdCl,
type or a CdI, type.

[014.9}

Specifid examples of the clays and the clay minerals
include kaolin, bentonite, kibushi clay, potter’s clay,

15 allophane, hisingerite, pyrophyllite, mica gfoup,
montmorillonite group, vermiculite, chlorite group,.
palygorskite, kaolinite, nacrite, dickite and halloysiﬁe.
Specific examples of the lon-exchange layered compounds
inciude crystalline acid salts of polyvalent metals, such as

20  0-Zr(HAsO,)2-H,0, 0-Zr(HPO;),, O-Zr (KPO4)::3H,0, o-Ti(HPO,),,
o-Ti (HASO0,.) 5 H0, ®-8n {HPO,;') 2 Hx0, Y-Zrx (HPO,),, Y-Ti{HPO4), and
¥-Ti (NH.POs) 2+ Hz0.
f0150]

The clays, the clay minerals and the ion-exchange layered



20Here, S (G2) and S (53) represent peak areas in (G2) and (53) after the modification of the
intensities, and S (54) and S (55) are peak areas in (54) and (55). [0272] The weight fractions Wa, Wb
and W3 may be determined 122 appropriately depending on the desired molecular weights and
molecular weight distribution of the target polyolefis. In a preferred embodiment, 40%<W,5 95%,
5%<W1,5 60.% and 2%-__W35.30% . In a particularly preferred embodiment, 60%<W,5 95%,
596<WDb5.40% and 5 2965.143.¢.20%. A higher proportion of the polymers afforded by the component

(A) is preferatiiobedause afanged amountofdhpsracreanpaersatirded by dhs companent (A) is
more advantageous for the formation of long-chain branches. [0273] 10Described néxt are the

ethylene pelyrmegs &i tosiv)i that aferobtained Hy: hemopolingijzatiar pE-cepolymetization gf ethylene in
the presence of the olefin polymerization catalyst (b). In the following description, properties are

measurednby talfoliofiiing ethdds ok fidestjfigaiipn of ¢ompoyngdshm o Corpgodngds. ohtained in
synthetic examples are identified by 270 MHz 1H-NMR (GSH-270 manufactured by JEOL Ltd.),

FD-mass'Bpectometry¢EDad S} £Sxdd2drmanuiactiied by SEOEE)ANGI3%di us of
chromatography-mass spectrometry (GC-MS) (GCMS-QP5050A 20 manufactured by Shimadzu

Corporatidf) t{o27 4% [Quiadtitative anatysis pf pesmibalstriustiigst nod Thestegm éﬂﬁle%@&ﬁ-{res (the
number of double bonds) of the polymers are determined by 1H-NMR (ECA-500 manufactured by 123

JEOL Lidppxisitritave rate (MFR) | The melt flow rate (MFR) is determined in accordance with
ASTM D 1238-89 at 190C under 2.16 kg load. 5[Density (d)] To determine the density (d) , a
measurerh@hBddmple is heat treated at 120C for 1 hour, then gradually cooled to room temperature
linearly in 1 hour, and analyzed by a density gradient tube method. 10[Melt tension (MT)]
When_the carrier used has a pore volume of less than 0.1
ce/g as measured on pores having a radius of 20 A or more, it
10 tends to be difficult to obtain high polymerization activity.
[0152] |
It is preferable that the clays and the clay minerals are
chemically treated. Anychemical treatment may be used herein,
for example a surface treatment to remove impurities attached
15 to the surface or a treatment to affect the crystal structure
of the clay. Specific examples of such chemical treatments
include acid treatment, alkali treatment, salt treatment and
organic matter treatment. The acid treatment removes
impurities from the surface and increases the surface area by
20 dissolving cations such as of Al, Fe and Mg from the crystal
structure. The alkali treatment destroys the crystal
structure of the clay to bring about change in clay structure.

The salt treatment and the organic matter treatment produce

an ionic complex, a molecular complex or an organic derivative



The melt tension (MT) at 190C is measured by the following method. The melt tension (MT) of a
polymer is determined by measuring the stress under stretching at a fixed speed. The measurement is
performed with a MT tester manufactured by Toyo 15 Seiki Seisaku-Sho, Ltd., under the conditions in
which the resin temperature is 190C, the melting éitne is 6 minutes, the barrel diameter is 9.55 mm, the
extrusion rate is 15 mm/min, the take-up speed is 24 m/min (in the event of breakage of the molten
filament, the take-up speed is lowered by 5 m/min) , the nozzle 20 diameter is 2.095 mm and the
nozzle lengthis,@ enanh sskear Misoosity 49 at 266Candiangeitdraretacits 10§ 40 rae/sec) The
shear viscosity (Tr) at 200C and angular velocity of 1.0 rad/sec is measured by the following method.
In detail, { $24 the shear viscosity (Tr) is determined by measuring the distribution of shear viscosity
(11*) at 200C at an angular velocity [w (rad/sec)] in the range of 0.025125(05100. Dynamic Stress
Rheometer SR-3000 availabledremdfheogetries Sctentificrfdincais Usede Phsalted glaies having a
diameter of 25 mm are used as a sample holder. The sample thickness is approximately 2.0 mm. The
measuremgniis egrdudes tark points qtes singhey digieot we Tbe gawthing of strai sstyetested
appropriately in the range of 3 to 10% while the torque in the measurement 10 is detectable and
ovestorquiRg issnatcalised here damplerusendnithd shear viseosith messamemefit iSgrepared by
pressing a measurement sample to a thickness of 2 mm with use of a press machine manufactured by
SHINTOdveta tgkistriess@anpbeation With sopieheating tempperatarepcfllISOC, la preheafidg time of 15
5 minutes, a heating temperature of 190C, a heating time of 2 minutes, a heating pressure of 100 kg
G/cm2, aeodingpentpetaiarel af20(eda saalingttime odbdniavtesamndla doglinglpressure of 100 _
kg/cm2. [Total of methyl branches and ethyl branches (A + H)] 20The number of methyl branches and
ethyl brapahes Gudaternined byt1RG-NVRsassfollewsbECRPE00 bactearsmafnetic agsonadice
apparatus (1H: 500 MHz) manufactured by JEOL Ltd. is used. The number of scans is 10,000 to
30,000. Hampbemital shitaktdds ampeakad hadin chain Brethnydrss (28007 ppmyuk st25 PE sample
weighing 250-400 mg and 3 ml of a liquid mixture consisting of special grade o dichlorobenzene
(Wako Pyeanghemigal trdustries Lt} ibazede- 8 ISAEECH t 1iilby voloms)mie added to a
commercially available NMR quartz glass tube having a diameter of 10 mm. The mixture is heated at
120C to givesouniformedishersonT which &nginddyZed, ; Theedlssbrptidrnesxindee NWVIRIspastrum are
assigned in accordance with Kagaku no Ryouiki Zoukan (Region of chemistry, extra edition) No. 141,
NMR - Souge®ry o ikkerrGaidpqReRienwsant E4pRiiméntat 1€ Guild) I gy dB2<E33Ihe numberof
methyl branches per 1000 carbon atoms is calculated from the integrated intensity ratio of the
absorptigrrintgnsity (188 pgphiedssigned! ehe nétiflupsdgsofithesmethghbeasiches relative to the
integrated total of the absorption intensities at 5-45 ppm. The number of ethyl 15 branches is
calculate@iFtqaoii@integtated ibfendifiratid 6 thadbsEetdAARRASHY (10.. 6PpaEassigned to the
ethyl groups of the ethyl branches relative to the integrated total of the absorption intensities at 5-45
ppIs [Zerwshearnviscosity OW20Khe iemishear iscostydao #R)i an 206 Ctikanesstietsy the
following method. In detail, the zero-shear viscosity [10 (P)] is determined by measuring the
distributiari nfishearlviseosity (B tat @00¢Eat ha saguiapaicsty pefrdetscaT i@ mingelsf

0.025125(05100. The measurement is performed
the presence of polymers cbtained by hydrolysis of metal

alkoxides such as Si(OR)s:, A1(OR); and Ge(OR); {(wherein R is
a hydrocarbon group or the like) or in the presence of colloidal

20 inorganic compounds such as S8iO,. Examples of the pillars
include oxides resulting from thermal dehydration of the
above-mentioned metal hydroxide ions intercalated between
lavers.

[0154]



126 as described hereinabove using Dynamic Stress Rheometer SR-5000 available from Rheometrics
Scientific, Inc. [0275] The zero-shear viscosity lo is calculated by fitting the 5 Carreau model of
Equation (Eg-5) below to the rheology curve (distribution of shear viscosity (W) by angular velocity (w))
according to a nonlinear least squares method. [(276] [ 1 + (AO(11-1)1 a ---(Eg-5) 10[0277] In the
equation above, X represents a parameter having a time dimension, and n indicates a power index of
the material. The fitting by a nonlinear least squares method is made such that d represented by

Equation (Eq-6) BBlewcietpses minimem aliz{e2 28]doondlegistien(D-LagaQi2 Hi(Eg: 8).w50,02512

[0279] In the equation above, ilexp (w) is the measured shear viscosity and TIcal, (w) is the

shear viscoshy eufcliatee frofm@ theaBarreamanodat. Weightaverags,molecular weight (Mw) by
GPC-VISCO] 127 The weight average molecular weight (Mw) by GPC-viscometry (GPC-VISCO)

is determinedassit IBRCAR0CXFomIWaters1as desaribesl beloys.Shadex ARG is Hs6d;8s a guard
column, and two AT-806 columns are used as analytical columns. 5 The column temperature is 145C.

The mobilesgsitheé t=o-dichibeshentens wantainidse Spvile af BHTAsantioxidant,and isfumped at a

rate of 1.0 ml/mm. The sample concentration is 0.1 wt%. The detector is a differential refractometer.

Thret cafitgrysiscomettis=are luspdmPalystyrenem0 amui@&wggéyaﬂgé%(g&%%oRAﬂON are
used as standards. The measured viscosity is calculated with the viscometers and the refractometer,

and the Wegmavefy@ Mol eulasweight (i) is caleulatedbynuniversabealinration of the.measured

viscosity. 15 [Molecular weight at maximum weight fraction (peak top M), number average molecular
weight (M) ngswerage molecular weight (Mz), ratio of weight average molecular weight to number
average molecular weight (Mw/Mn), and ratio of 2-average molecular weight to weight average
moleculaf @&&fht (Mz/Mw)i 20To calculate the molecular weight at maximum weight fraction (peak top
M), number average molecular weight (Mn), 2-average molecular weight (Mz), ratio of weight average

molecular weightfioenempenadveragepnoladulias weight éMuMnl:, a granular or fine
10  particulate solid fanging.in particle diameter from 10 to 300
dum.  Specific exampleé thereof include (co)polymers mainly
composedof a C2-14 olefin such as ethylene, propylene, 1-butene
or 4-methyl-l-pentene, (co)polymers or reaction prodﬁcts
formed.main1y of vinyleyclohexane, styrene or divinylbenzene,
15 and modified products of these compounds.
[0156]

The olefin polymerization catalysts of the invention
contain the bridged metallocene compound (A}, at least one
compound (C) selected from the organometallic compounds (c-1)

20 of Formulae [11], [12] and [13], the organcaluminum
oxy-compounds (c-2) and the ionized ionic compounds {c-3), and
optionally the components (S) as regquired.

(01571

In carrying out the polymerization, the components may



and ratio of 2-average molecular weight to weight average 128 molecular weight (Mz/Mw), a
molecular weight distribution curve is obtained under the following conditions with use of gel
permeation chromatograph Alliance GPC 2000 (high temperature size exclusion chromatograph)
manufactured by 5 Waters. [0280] [Apparatus andsgonditions] Analysis software: chromatography
data system Empower (Waters) 10Columns: two TSK gel GMH6-HT columns + two TSK gel
GMHG6-HTL columns (each 7.5 mm in inner diameter and 30 cm in length, manufactured by TOSOH

CORPORATIOMN anaMekileiphgsen9-diehlerabenzenestspesiad grade mageri-raapufagiired by
Wako Pure Chemical Industries, Ltd.) 15Detector: differential refractometer (built in the

chromatgggag@&@g%@nwg&gr@e@@@ Flow rate: 1.0 mL/min Injection amount: 500 IAL
20Sampling time intervals: 1 sec Sample concentration: 0.1596 (w/v) Molecular weight calibration:
monodisgerse pplystyrenes (manufactured by TOSOH CORPORATION)/ranging in molecular weight
from 495 to 20,600,000 129 A molecular weight distribution curve in terms of polyethylene is prepared

in accordance with p cenerakealibiation pragedursrtescebeddrd Relym. SsiyRer12®Z. Crubisic, P.
Rempp, H. Benoit (1967). The molecular weight 5 at maximum weight fraction, number average
moleculaf gvesaght (Mn), Z-average molecular weight (Mz), ratio of weight average molecular weight to
number average molecular weight (Mw/Mn), and ratio of Z-average molecular weight to weight

average moleculap yweigh (Mzihvnaie catoulaies fram thewpelestlar 4O weighttistehutien curve.
EMMe+Et/Mall
- a polymerizer in an arbitrary order.
[0160]
{(3) A catalyst component-in which the component (A) is

10 éupported<x1the component (8), and the component (C) are added

to a polymerizer in aﬁ arbitrary order.
[o1e1]

(4) A catalyst component in which the component (C) is
supported on the component (8), and the component (n) are added

15 to a polymerizer in an arbitrary order.

[0162]

(5} A catalyst component in which the components (A) and
(C) are supported on the component (S) is added' to apolymerizer.
{0163}

20 In the processes (2) to (5), at least two of the catalyst
components may be contacted with each other beforehand.
[0164]

| In the processes (4} and (5) in which the component (C)

is supported on the carrier, other unsupported component (C)



The ratio MMe+Et/Mall is determined by 13C-NMR as follows. The measurement is performed using
ECP 500 nuclear magnetic resonance apparatus (IH: 500 MHz) manufactured by JEOL Ltd., 15in a
manner as described hereinabove. The absorptions in the NMR spectrum are assigned in accordance
with Kagaku no Ryouiki Zoukan (Region of chemi§fty, extra edition) No. 141, NMR - Sousetsu to
Jikken Gaido (Review and Experimental Guide) [I], pp. 132-133. 20[0281] The contents of the
respective branches maybe calculated based on the integrated intensity ratio of the absorption

intensities@pdeFirplitetfiesfollowing regieas ymethwbrarchess 1 9:5%ppm, ety pranehgs: 10.8ppm,
propylbranches: 130 14.4 ppm, butyl branches: 23.1 ppm, isobutyl groups: 25.7 ppm, hexyl and

higher brarleRgs: 3ogppnerfneinsio visagsitye( dBE Thatririasic yiscosipelil (dglds sgasured in a 5
decalin solvent as follows. Approximately 20 mg of the ethylene copolymer is dissolved in 15 ml of
decalin, a8 %ige specific viscosity nsp is measured in an oil bath at 135C. After the decalin solution is
diluted by addition of 5 ml of decalin, the specific viscosity Isp is measured again. The 10 dilution is
repeated & friore times. By extrapolating the concentration (C) to 0, the value isp/C is obtained as
the intrinsic viscosity. [0282] En] = lim(nsp/C)(C-40) 15[Neck-in] The ethylene copolymer is laminated
by extrusion on a’Btegse érdftpaperesta substeate mithviiserefia lamipatasmamdactured by

Sumitomo Heavy Industries, Ltd. which has a 65 mm diameter extruder and a T-die with a die width of

500 20 mﬁi%@leﬁmetmmwmgmﬁinms (Alr gapd13@ M Astual sesin tampekatug after die: 295C
Take-up speeds: 50 m/min, 80 m/min, 120 m/min, 200 m/m n Film thickness: 20 gm at take-up speed

of 80 M/NFIRMEPIISIANEAL teke-bie speedal $26 ni/mia, & Yohas takerup speed gf 209 p/min
The neck-in is calculated from Lo - L wherein Lo is the width of the T-die and L is the width of a film

laminatec8n 4fé tiafnpaparstabyhtakeupspead. may be supported on the
prepolymerized solid catalyst component.
10 [01663
In general, when a metallocene compound having
substituent groups on both the cyclopentadienyl rings forms
an ion pair with the component (C), tﬁe resultant olefin
pglymerization catalyst gives with high catalytic activity
15 polymers having'high]ﬂOleculai'weight and less terminal doublé
bonds.
[0167]
The mechanism of this catalytic action is probably
explained as follows. A number of substituent groups on the
20 cyclopentadienyl rings produce steric hindrance which causes
an appropriate distance.betﬁeen.the central metal (cation) and
the éomponent (C) {anion) and consequently the acidity of the
central metal is increased. As a result, the coordination and

insertion of monomers are facilitated but at the same time the



[0283] [Film breakage speed and take-off speed at which surging occurs] The ethylene copolymer is
laminated by extrusion on a 50 g/m2 craft paper as a substrate with use of a laminator 10
manufactured by S UMI TOMO Heavy Industries, Ltd. which has a 65 mm diameter extruder and a
T-die with a die width of 500 mm, under the condittons wherein the air gap is 130 mm and the actual
resin temperature after die is 295C. The output is determined such that the film thickness at a take-up
speed 15 of 80 m/min is 20 gm. [0284] The take-up speed is increased, and the speed that
causes bggakage o thrimeties fiby (heemolies filt issegardesiipdheibneken exermdien only an edge
thereof is cut) is determined 20 as the film breakage speed. [0285] Separately, the take-up speed
is increasechangFthe reckeinismeasisred fiverdinmes at Bachdéaka-up sperdi e reswis afdhe five
measurements are averaged. The take-up 132 speed at which two or more of the five measurements
result in an-averagemnackds vatea ck bdnn eraeiens determined-as drataker offyspesg s which
surging occurs. [0286] 5[Resin pressure] The ethylene copolymer is laminated by extrusion on a 50
g/m2 craf{ Paprk ag SR stalh Wil use0tR lamiaatos manyfagiuretkby. SUPItoMe, Elegyy Industries,
Ltd. which has a 65 mm diameter extruder and a T-die with a die width of SOO 10 mm, under the
conditiongouleaein the air gap is 130 mm, the actual resin temperature after die is 295C, the take-up
speed is 80 m/min and the film thickness is 20 lam. The resin pressure at the crosshead is measured
during the extrusion. {28744 5 Heahseal strengthd o 1 vihbe etytansceppiwnekisdamipated by
extrusion on a substrate with use of a laminator manufactured by Sumitomo Heavy Industries, Ltd.
which hag ene% i fipnmRteh exifuder aad £1T-6ieanithavaissudth of Fe0-ma.zundgr Hweonditions
wherein the 20 air gap is 130 mm, the actual resin temperature after die is 295C, the take-up speed is
80 m/mirsahd thetfilevibickpespis 2mpsnlihesidhsirata bereit isaa snytilayersiructure prepared by
applying a urethane anchor coating agent on a surface of a 15 gm thick biaxially stretched nylon film
(EMBLEMe 233 ONMhmanpfagivtert-by diNTdckd TP . pasd helasdieexiruding thereaman ethylene
mixture resin in a thickness of 25 gm wherein the ethylene mixture resin is a blend of 50 parts by
weight earitaflasdiegiat<catatyzed dinear dowwda s \epelyethylent appropriate space

to permit chain transfer. reactions. The clefin polymerization
catalysts of the present invention can thus achieve high
po.lymerization activity and afford polymers having a low
molecular weight and many double bonds at terminals.

15 {0169]

OClefin polymerization catalysts (b)

The olefin pelymerization catalysts (b) of the invention
contain the component (A), the component (B) and the component
(C).
20C [0170]

Component (A): the bridged metallocene compound

represented by Formula [1] above;

Component (B): a bridged metallocene compound

represented by Formula [14] below:



5 and a Ziegler-catalyzed high-pressure low-density polyethylene. The ethylene copolymer is
laminated by extrusion on the ethylene mixture resin layer of the multilayer structure. [0288] 10The
heat seal strength between the ethylene copolymer layers in the laminate film obtained by extrusion is
measured and evaluated under the following conditions. A one-side hot bar sealer is used. Heat seal
pressure: 2 kg/cm2 15Heat seal time: 0.5 sec Seal bar width: 10 mm Test piece width: 15 mm Peel
angle: 180 Peel rate: 300 mm/min 20 Ethylene polymers (i) The ethylene homopolymers or
copolymels azedrding to the invention are homopolymers of ethylene or copolymers of ethylene and
C4-10 a-olefins, preferably copolymers of ethylene and C4-10 a-olef ins (when 1-butene is used as a
134 comonomer, Ri%-ol§#¥ of 6 to 10 carbon atoms is always used together), and more preferably
copolymers of ethyl nd C6 -10 a-olefins. The C4-10 a-olef ins copolymerized with ethylene
include 1-butere; - Zzmethyl-1-pentene, 1-octene and 5 1-decene. [0289] The ethylene
polymers (i) of the invgntion satisfy the following requirements [1] to [5] at the same time. The

e dgscribed in detail below. 10 Requirement [1] The melt flow rate
(MFR) of the ethyle@’lpolyrnﬁs (i) as measured at 190C under a load of 2.16 kg is in the range of 0.1
to 100 g/10 min, pre 1.0X0 50 g/10 min, and more preferably 4.0 to 30. With MFR being 0.1
g/10 min or a , 15 wiene polymers show a shear viscosity which is not excessively high and
permits excellen aljlity, and the polymers can give shaped articles such as films having
excellent Rpe #reing not more than 100 g/10 min, the ethylene polymers show good
tensile strength}&: eak20 strength. [0290] In general, MFR is heavily dependent on the molecular
weight. In dR#&il, tt'}?zgma er tRAMFR, the higher the molecular weight, and the larger the MFR, the
lower the R24 - -[14] ‘

[0172]
wherein RY to R?*°, and R*' toc R?® are selected from a
5 hydrogen atom, hydrocaibon.groups, halogen-containing groups,

oxygen-containing groups,-nitrogen—containing groups,
boron-containing groups, sulfur¥cont5ining groups,
phosphorus-containing groups, silicon-containing groups,
germanium-containing groups and tin-containing groups and are

106 the same or different from one another; neighboring substituent
groups among these groups may be linked together to form a ring;
Q*® is selected from C1-20 hydrocarbon groups,
halogen-containing groups, silicon-containing groups,
germanium-containing groups and tin-containing groups; M is

15 selected from a titanium atom, a zirconium atom and a hafnium
atom; and X independently at each occurrence is a group selected
from a hydfogen atom, halogen atoms, hydrocarbon groups,

halogen-containing groups, silicon-containing groups,



135 molecular weight. The molecular weight of ethylene polymers (i) is known to be determined by the
composition ratio of hydrogen and ethylene (hydrogen/ethylene) present in the polymerization system
in the production of the ethylene 5 polymers (for example, Kazuo Soga, KODANSHA "CATALYTIC
OLEFIN POLYMERIZATION", p. 376 (1990)). Thezthylene polymers (i) that have MFR ranging from
the lower limit to the upper limit as described in claims of the invention may be produced by increasing
or decreasing the hydrogen/ethylene ratio. 10 Requirement [2] The ethylene polymers (i) haves
density (dxidha rargs: afi Sidmty YHdke/d3, praferably-88% 4a 864 404m3,l, more preferably 905 to
960 kg/m3. [0291] 15When the density (d) is 875 kg/m3 or above, the ethylene polymers can give films
having oy swidaeentagkiness. AMWhendhe geasiiy &dpiscgt maare dhan¥Q keim3a, theckibyWene polymers
show good low-temperature sealing properties. [0292] 20In general, the density is dependent on the
a-olefin content indhg etudene polymers 1 Eagtowgidhe snelelim gostens dbe dighasithe density, and
the higher the a-olefin content, the lower the density. The a-olefin content in ethylene polymers is
known tajhe dptefminecsty the eomposition 136 ratio of a-olefins and ethylene (a-olefins/ethylene)
present in the polymerization system (for example, Walter Kaminsky, Makromol. Chem. 193, p. 606
(199)). Accordingly1thecdensityné ther ethylenempalymess (Hegarcbe seadoligd by iwrgasing 5 or
decreasing the a-clefin/ethylene ratio in the production of the ethylene polymers. By this controlling,
the ethyl¢ne pplymers (Bt have adansity ranging from the lower limit to the upper limit as '
described in claims of the invention may be produced. 10 Requirement [3] In the ethylene
polymers (i), the fatie Mg 4Pl s thenrange -of dufpdud 84 taa2.80 x 10-4, preferably 2.00 x 10-4
to 7.00 x 10-4, and more preferably 2.60 x 10-4 to 5.00 x 10-4 wherein [MT (g)] is the melt tension at
190C and [i* (P)](15 i) thesheanuniseosiheat 200 and srrangwaramioeityeftls0 (ad/sagdVith MT/ri*
being not less than 1.50 x 10-4, the ethylene polymers have acceptable neck-in. Requirement [4] The
ethylene (mjymersfigdmvera total of aiethyl branches 20[A (/1000 C)] and ethyl branches [B (/1000
C)), [(A+ B) (/1000 C)], of not more than 1.8, preferably not more than 1.3, more preferably not more
thar0.8, [andzparticularly preferably not more than 0.5 according to 13C-NMR. The numbers of methyl
branches and ethyl branches in the invention are defined to 137

R*, Al (OR®) , H, X, «- - [18]

[01741]
wherein R® and R® are each a C1-15 hydrocarbon group and
are the same or different from each other; X is a halogen atom;
15 0<m<3, 0<n<3, 0Sp<3, 05g<3 an;i m+n+p+ag= 3;

[0175]

M®* AIR*, =« ---[19]

[0176]
wherein M* ig Li, Na or K; and R* is a C1-15 hydrocarbon
20 group;

[0177]



be per 1000 carbon atoms as will be described later. [0293] If the ethylene polymers have
short-chain branches such as methyl branches and ethyl branches, the short-chain branches 5 are
incorporated in the crystal and the crystal plane spacings are enlarged, resulting in lowered
mechanical strength of the polymers (for example/3&OUBUNSHI NO JUMYOU YOSOKU TO
CHOUJUMYOUKA GIJUTSU (LIFETIME PREDICTION OF POLYMERS AND LIFETIME EXTENDING
TECHNOLOGY), Zenjiro Osawa, et al., p. 481, 10 NTS (2002)). Good mechanical strength of the
ethylene polymers is ensured when the total number of methyl branches and ethyl branches (A + B) is
not more t n%L.@.M ]Rlebn mbepof ;'nethyl branches and Et@l bfan¢hes in the 15 ethylene
polymers is greatly dependent on how the ethylene polymers constituting the ethylene polymers are
produced. Ethylene polymers obtained by high-pressure radical polymerization have a larger number
of methyl bfaridhles and ethyl branches than ethylene polymers obtained by Ziegler-catalyzed 20
coordination polymerization. In the case of coordination polymerization, the number of methyl
branches and etiwhbrantheBinsthd atfytene palymersds grestyydapersdenbandhe sgmpgsition ratios
among propylene, 1-butene and ethylene (propylene/ethylene, 1-butene/ethylene) in the
polymerizatient 188=sysemrAdtGiingly themshylenepdynets;that have a talal pumperqf methyl
branches and ethyl branches (A+ B) as described in claims of the invention may be produced by
increasinifor decreasingthe t-hideaelelildenaraticod Requikementdsk,  olathe ethyepe polymers
() of the invention, the zero-shear viscosity at 200C [fio (P)] and the weight average molecular weight
(Mw) measuted by GPE-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below: 100.01 x 10-" x
Mw34fio S. 4.5 x 10-13 x Mw3'4(EQ-1), preferably satisfy Equation (Eg-2) below: 0.05 x 10-13 x Mw34
< fio < 4.5 x 10-18heMW3 4y 2 Ivorertireéarably satisiy Feuation (Fg3) below-840x310-13 x
Mw3'4fio S 3.5 x 10-13 x Mw3'4(EQ-3), 15 and particularly preferably satisfy Equation (Eg-4) below:
0.15 x 113 XMV armiex 1(8X 10s13 xdlidiBeti. (Eq-4).  According to literature (C. Gabriel, H.
Munstedt, J. Rheol., 47(3), 619 (2003)), when the zero-shear viscosity llo (P)] is double-logarithmically
plotted ad&ihgtthe weight 20 average molecular weight (Mw), the sloe of the plot is in accordance with
the 3.4 power law for polymers such as long-chain branch-free, linear ethylene polymers in which
eloh@ation viscodibedoesmonshaw(Stiainthardenipgpabaractensties bukike 1r9-shear\dscosity No
(P)] is lower 139 than the power law for polymers such as high-pressure low-density polyethylenes in
which eldrijatiohMsdesitfielsows bedinimtelkaralihingechasacteristics. When the zero-shear viscosity

No (P)] a% 200C is not more than 4.5 x 10-13 xMw3-4,
0180]

Component (B)

The bridged metallocene compounds as the components (B)
15 are metallocene compounds of Group IV metal represented by
Formula [14] below.

{o0181]

The metallocene compounds of Group IV metal represented
by Formula [14] will be described in detail.

20 [0182]



5 the elongation viscosity of the ethylene polymers shows strain rate hardening characteristics and
consequently the ethylene polymers do not cause take-up surge. [0295] The ethylene polymers () that
satisfy the requirements 10 [1] to [5] described above provide advantageous effects as will be
described later, inmost of the plastic industry applidations. However, in order to reliably prevent
accidental or sudden problems in processability or flowability, the ethylene polymers preferably satisfy
the requirement [6] below in 15 addition to the requirements [1] to [5]. Requirement [6] In the ethylene
polymers (i), the iptansigyviscosity ([1] (dl/g)) measured at 135C in decal in and the weight average
molecular weight (Mi{measured by GPC-viscometry (GPC-VISCO) 20 satisfy Equation (Eg-7) below:
0.80x 10-4 x .v b1 5:53.65 X 10- 4 x mw0.776(Eq... ) preferably satisfy Equation (Eg-8) below:
0.90x 10-4 x 1.55 x 10-4x Mw(3/774(EQg-8), and more preferably satisfy Equation (Eq-9)
below: 140 0.90 x 10-4 X mwQ,776[i] 5_ 1.40 x 10-4 x Mw'776 (EQ-9) As known in the art (for

rchargly ADVANCES IN POLYMER SCIENCE, 143, Branched Polymer Il, p. 137
(1999) ) , ethylene pplyme \hang long-chain branches show a 5 smaller intrinsic viscosity [ii] (dl/g) in
relation to th lect cight as compared to linear ethylene polymers having no long-chain
branches. The'sthylené polymers (i) of the invention have a large number of long-chain branches and
exhibit exzel @i@@ #R#l flowability particularly when the 10 intrinsic viscosity [i] (dl/g) is not
more than 1.65x.40-4 ‘\.!,A‘: Ethylene ‘polymers (ii) The ethylene homopolymers or copolymers
according Rzhe 1 gvention &8 homopolymers of ethylene or copolymers of ethylene and C4-10
a-olefins, preferalﬁy cdib%ﬂymers of ethyleneland ¢4-10 a-olef ins (when 1-butene is used as a
comonomer, an a-olefin of 6 to 10 carbon atoms is always used together) , and more preferably
copolymérsiaf #thylene and C6-10 20 a-olefins. The C4-10 a-olef ins copolymerized with ethylene
include 1 -butene , 1 -hexene , 4 -methyl-1 -pentene , 1 -octene and 1-decene. [0297]

In Formula [14], M is a transition metal selected from

titanium, zirconium,énd hafnium, and ig preferably zirconium.
5 [0184]

R to R?°, and R®* to R?® are selected from a hydrogen atom,
hydrocarbon groups, halogen-containing groups,
oxygen—containing'groups, nitrogen-containing groups,
boron-containing groups, sulfur-containing groups,

10 . ?hosphorus-containing groups, silicon-containing groups,
germanium-containing groups and tin-containing groups and are
the same or different from one another. Neighboring two
substituent groups among these groups may be linked together
to form a ring.

15 [0185]

0% is a divalent group linking the two ligands and is
selected from C1-20 hydrocarbon groups such as alkylene groups,

substituted alkylene groups and alkylidene groups;



141 properties (1) to (VI). [0298] (I) The melt flow rate (MFR) is in the range of 0.1 to 100g/10min,
preferably 1.0 to 50 g/10 min, and more preferably 5 4 to 30 g/10 min. With the melt flow rate (MFR)
being 0.1 g/10 min or above, the ethylene polymers show a shear viscosity which is not excessively
high and permits excellent processability. With théImelt flow rate (MFR) being not more than 100 g/10
min, the ethylene polymers show good tensile strength or heat seal 10 strength. [0299] The melt
flow rate (MFR) is heavily dependent on the molecular weight. In detail, the smaller the melt flow rate
(MFR), thehighes the mateditdnyeightand the fargenthesnght grgglglgﬂ%r g\dggg the lower the
molecularweight. The molecular weight of ethylene polymers is known o be determined by the
compositige rattmaiydrogen and eiiera:dydreged/ ethylenghpresgatiy t gggg/gn_erization system
(for example, "CATALYTIC OLEFIN POLYMERIZATION", edited by Kazuo Soga, et al., KODANSHA

20 SCIENEHEIR 19900 p. 8He)s & hg reelbiow rate{ MRR)f the sthylene pplymers maybe controlled by
increasing or decreasing the hydrogen/ethylene ratio. [0300] 142 preferably 885 to 964 kg/m3, and

more preféfel#y D03 to 935 kg/m3. When the density (d) is 875 kg/m3 or above, the ethylene polymers
can give films having low surface tackiness. When the density (d) is not more than 970 kg/m3, the

ethylene polymers shoes gaatidioutiempaniure sedino Pioperiese (03011 oqTheCIRNSTY 9
on

dependent on the a-olefin content in the ethylene polymers. The lower the a-olefin ¢ nt, the higher

the densigrtand e highes theyaetefingcanient, thellvwer 4@4ke gensifys The a-olefin content in
ethylene polymers is known to be determined by the composition ratio of a-olef ins and ethylene

(a-olefinstethylgre)-preseatin ithe; palymerizatioy systes) (f@{aq&gqjecwggggggj']sky, Makromol.
Chem. 193, p.606 (1992) ) . Accordingly, the ethylene polymers 15 that have a density in the

aforemersiehed fangehay ke protticedy i eeasing egdecreasing 1hs aplefiniethylens ratio. [0302]
(1IN The ratio [MT/n* (g/Poise)] is in the range of 2.50 x 10-4 to 9.00 x 10-4, preferably 2.50 x 10-4 to

7.00 x 1054 cangs20ambra prefeahly 3.00xk3-8da 508nel0havhereinBAT () isthe melt tension at
190C and [ii* (Poise)] is the shear viscosity at 200C and an angular velocity of 1.0 rad/sec¢. With MT/fi*

beib§ notlessitiram 8cb0ir 10k ihe othyienei palys1ers bave @g@ﬁ@g@gﬁ@cﬁgeuﬁ@ [03?3] (V)
The total of methyl branches [A (/1000 C) ] and ethyl branches [B (/1000 C)], [ (A + B) (/1000 C) ,

according e $8C-NVRyisenot mpredipan 1 8ihyeteraklynol maye dhan é._@oﬁ}g&rg 5 preferably not more
than 0.8, and still more preferably not more than 0.5. The numbers of methyl'branches and ethyl
lxanche@&WMéi@ﬂﬂ&mgnwapbﬁaﬂdukb&£@biQQ@ﬁ@&EHing groups each having

1 to 20 carbon atoms are particularly preferable.

[0187]

15 - Alternatively, Q? may have a structure represented by
Formula [15]) or [16] below:

[0188]

-

[0189]



atoms as will be described later. [0304] 10If the ethylene polymers have short-chain branches such as
methyl branches and ethyl branches, the short -chain branches are incorporated in the crystal and the
crystal plane spacings are enlarged, resulting in lowered mechanical strength of the resins (for
example , KOUBUNSHI NO JUMYOU YOSOKU 7® CHOUJUMYOU1CA 15 GIJUTSU (LIFETIME
PREDICTION OF POLYMERS AND LIFETIME EXTENDING TECHNOLOGY), edited by Zenjiro
Osawa, et al., NTS, 2002, p. 481). Good mechanical strength of the ethylene polymers is ensured
when the total number of methyl branches and ethyl branches (A + B) is not more than 1.8. 20[0305]
The number of methyl brag®ches and ethyl branches in the ethylene polymers is greatly dependent on
how the eth s are produced. Ethylene polymers obtained by high-pressure radical
polymerization have a*larger number of 144 methyl branches and ethyl branches than ethylene
polymers Stained by Xegler-catalyzed coordination polymerization. In the case of coordination
polymerizatiap, the pmbper of methyl branches and ethyl branches in the ethylene polymers is greatly
5 dependent on the composition ratios among propylene, 1-butene and ethylene (propylene/ethylene,
1-butene/ethylene) in the glymerization sy:gin%c ordingly, the total number of methyl branches and
ethyl branches (A + B) in the ethylene poly ﬁbe controlled by increasing or decreasing the 10
1-butene/ethylene ratio. [0306] - (V) The zero-shear viscosity at 200C [flo (P)] and the weight
average froleayar weight (Mw) measured by GPC-viscometry (GPC-VISCO) satisfy Equation (Eq-1)
below: 15[0307] 0,01x101344 3'..104,50x10.13xMi4 ---(Eq-1) [0308] preferably satisfy Equation (Eq-2)
below: [0309] 0.Q9x 1 h&3xMwde4 £6:md ) (2 6010- BxM 8 Yect-2y2R DIHwacreapreterably satisfy
Equation (Eg-3) below: .

a silicon atom, a germanium atom and a tin atom; R?®? and R*? are

5 selected from a hydrogen atom, hydrocarbon groups,
silicon-containing groups, heteroatom~contaihing groups and
halogen-containing groups and are the same or different from
each other; A’ iﬁdicates a C2-20 divalent hydrocarbon group
which may have an unsaturated bond; A’ may have two or moré

10 riﬁg structures inclusive of the ring formed by A’ and Y; and

the black dots {e¢) indicate bonding points with the substituted

~cyclopentadienyl group and the substituted fluorenyl group.
[0191]

In Formulae [15] and [16], ¥ is preferably a carbon atom

15 orasiliconatom, and is particularly preféfébly a carbon atom,.
forez]

Examples of the hydrocarbon groups, the
silicon-containing groups, the hetercatom-containing groups
and the halogen-containing groups indicated by Ré53 and R*° in

20 Formula [15} include similar groups as represented by R to



145 [0311] 0.10x10.13xMI1114-5.3.50x10- xMw3.4(EQ-3) [0312] and particularly, preferably satisfy
Equation (Eg-4) below: 5[0313] 0.15x10 Mw3.1/410 1.80x10-13xMw3.4(Eq-4) [0314] According to
literature (C. Gabriel, H. Munstedt, J. Rheol., 47(3), 619 (2003)), when the zero-shear viscosity [1.10
10 (p)] is double-logarithmically plotted against thé@veight average molecular weight (Mw), the
zero-shear viscosity is in accordance with the 3.4 power law for resins such as long-chain branch-free,
linear ethylene polymers in which elongation viscosity does not show strain hardening characteristics,

but 15 therZéro-shgamtiscesitg {ho (@}istpqugmg%%er gglr{gg resiréscﬁu? as hi‘gh-pressure
e

low-density polyethylenes in which elongation viscosity shows 3train rafe har %lnggéﬁ% &cteristics. .

20 viscosiy of e ethyline poNTLers Shous Sta ate harieaoio s B ot A A Eobequenty the
chien g doset el RS AGINS) -y Lo e sl st
oieloomh Slsesur it i i S B ERIOA A e
obtained by GRC 1o in he range o L. 0% A3 L 20 X Lo e L Bk D% 08 0 1.0 x 1044
[0317] Thermaenbamioal strengh ofiethyiens palyin §&Q[eg%&9§{e§t§gub low molecular weight

components. The presence of low molecular weight components intreases blécUTaT terminals that
are considetedioDeabadsiy of reakade, ke g}gttggg\ilgg_eﬂm ¢hanical srength ("Polyethylene
Gijutsu Dokuhon (Polyethylene Technology Rae%der)", edited by az?(g24 I\%%%%Ura 20 and Naotaka
Mikami, Kagye3ghosakai Publishing, Inc., 2001, p. 45). When the molecular weight at the maximum
weight fraction (peak top M) in a molecular weight distribution curve obtained by GPC is not less than

1.0 x 1043, the etfylpae-palymngrssqoniain sssmatbarguat oLlonmalectlar weight components

adversely w
10 which may have an unsaturated bond, and ¥ and A’ together form

a ring such as l-silacyclopentylidene group. In the
specification, the l-silacyclopentylidene group is
represented by Formula [17] below:

[0194]

15 ....[17}

f0195]

In Formula [17], the black dots (s) are as described in
Formula [16].

A’ may have two or more ring structures inclusive of the

20 ring formed by A’ and Y.

[0196]



147 affecting mechanical strength and thus achieve excellent mechanical strength. [0318] The
molecular weight at the maximum weight fraction in 5 a molecular weight distribution curve obtained by
GPC is known to be determined by the composition ratio of hydrogen and ethylene
(hydrogen/ethylene) present in the polymerizatiorf 8ystem (for example, "CATALYTIC OLEFIN
POLYMERIZATION", edited by Kazuo Soga, et al., KODANSHA SCIENTIFIC, 1990, p.376). The 10
molecular weight at the maximum weight fraction in a molecular weight distribution curve may be
controlled by incRezsfrrordearesising thd hyarogdivetiyficheahtd [ed i) Emdemecpaiymers (iii)
15The ethylene copolymers according to the invention are copolymers of ethylene and C4-10
a-olefins gpitefarablytoopob/brars wietigrone and €4k vy acbiefdng twli@s butene-1 is used as a
comonomer, an a-olefin of 6 to 10 carbon atoms is always used together), and more preferably
copolyméslsirethyinhe Bntirge-abkyorifias Jrirapd.10na-biedias -copvhahainsl with ethylene
include 1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene and 1-decene. [0320] The ethylene
copolymershsf thd invedtivhialernhesn48rs|awih g piometes@pioaVni 1a321fky 1 i §@Fhe melt flow
rate (MFR) is in the range of 0.1 to 100 g/10 min, preferably 1.0 to 50 g/10 -min, and more preferably 5
4 to 30 gtoomie B32h] havinthlife hRéitfrwPrites(MFR) heng 611g/¢0mmiAwt thbud e ethylene
copolymers show a shear viscosity which is not excessively high and permits excellent processability.
With 10 theanie fndr e Y VERR) suing adniegeahad 200 gtrolvwi TRESthayiene Sopollers show
good tensile strength or heat seal strength. [0323] The melt flow rate (MFR) is heavily dependent on
the 15 mokchfit wedgHtafrdatgiictrunnaed the hagefov: rre IER) S thetighiestheynslecular
weight, and the larger the melt flow rate (MFR) , the lower the molecular weight. The molecular weight
of ethylebe Eppolyaets. sudinidole eteaimired by the composition ratio of hydrogen and ethylene
(hydrogen/ethylene) 20 present in the polymerization system (for example, "CATALYTIC OLEFIN
POLYMERIZATION", edited by Kazuo Soga, et al ., KODANSHA SCIENTIFIC, 1990, p. 376). The

melt flow rate (Mn) of the
10 The letter X independently at each occurrence is a group

selected from a hydrogen atom, halogen atoms, hydrocarbon
groups, halogen-containing hydrocarbon groups,
siiicon—containing groups, oxygen-containing groups,
sulfur-containing groups, nitrogen-containing groups and_.
15 phosphorué~containing groﬁps. Of these, halogen atomg and
hydrocarbon Qroups are.preferable. Examples of the'halogen
. atoms include fluorine, chlorine, bromine and iodiné.
Examples of the hydrocarbon groups, the halogen-containing
hydrocafbon groups, the silicon-containing groups, the
20 oxygen-containing groups, the sulfur-containing groups, the
nitrogen-containing groups and the phosphorus-containing
groups are as described above.
[0198]

The hydrogen atom, the hydrocarbon groups, the



ethylene copolymers may be controlled by increasing or decreasing the hydrogen/ethylene ratio. 149
[0324] (1) The density (d) is in the range of 875 to 936 kg/m3, preferably 885 to 930 kg/m3,
andmorepreferably 903 to 930 kg/m3. When the density (d) is 875 kg/m3 or above, the ethylene 5
copolymers can give films having low surface tackiness. When the density (d) is not more than 936
kg/m3, the ethylene copolymers show good mechanical strength such as heat seal strength and pack
breakage strength. [0325] 10The density is dependent on the a-olefin, caontent in the ethylene
copolym%nas. THETowe thé Aloléth €8t RE th %h%}ﬂ’ﬁee&én%ﬂﬂ}?gﬁdq tﬁ%%iaﬁgﬁltﬁé a-0lefin content,
the lower the density. The a-olefin content in etrp/lene copolymers is known to be determined by the
composifidr Ftie Bt a=518fnis 5B SHRiEre (a-al‘:éffﬁgfé)%Te%%])l bredehtih fieYBlymetizZation system
(for example, Walter Kaminsky, Makromol. Chem. 193, p. 606 (1992)). Accordingly, the ethylene
copolym&rsth AR BérsityIn e Ao remEtforRITERGE MAS B Broauded sy AEtrdiRig or
decreasing the a-olefin/ethylene 20 ratio. [0326] ll1) The ratio [MT/n* (g/Poise)1 is in the range of
2.50 x 10-4%0 91007 20-2 pretérablyE50 X 164 1o 7.00 xrOH Adhdofe preferabiy 3.00 x 10-4 to
5.00 x 10-4 wherein [MT g%] is 150 the melt tension and [i* (Poise)] is the shear yiscosity at 200C and
an ahgulaF (e1BEity? o1 Blael/Seel [0327F & - L Wit MPFfrebeifgi notless than 250 %XA0%4, the
ethylene 5 copalymers have acceptable neck-in. [0328] (IV) The total of methyl branches [A
(/1000 C¥'ghdFethyl Branchés IB 20068 fA+B) (1D0OE)]r gecstding 164 3CYNRR i$€n8t more than
1.8, preferably not more than 1.3, more 10 preferably not more than 0.8, and still more preferably not
more thah0.5°THE hambérs sfirabthylbrahthés 4 Bthyl BremchesTiFtheiflvémtforiaredetined to be
per 1000 carbon atoms as will be described later. [0329] 15If the ethylene copolymers have
short-chdin ®ariched sagh Ashdethyl branchiesandiethylbrarches pthe shivfteehali branches are
incorporated in the crystal and the crystal plane spacings are enlarged, resulting in lowered
mechani€alzstrehgth o thé résing:(fok reixaniple n KOUBUNSHINGIIUMYOUYXOSGKY TO:
CHOUJUMYOUKA 20 GIJUTSU (LIFETIME PREDICTION OF POLYMERS AND LIFETIME
EXTENDING:TECHNOLOGY); Bdited by Zenjirr@sawd; ‘et dlg NI'S, 2002, 481). Good mechanical
strength of the ethylene copolymers is ensured when the total number of methyl branches and ethyl
branches (A& *B)ds hetimereythanilng. may be linked together to form a ring,

and consequently a ring structure such as an indenyl group,
a substituted indenyl group, a fluocrenyl group or a substituted
flucrenyl group may be formed., In another embodiment, at least
13 one pair of neighbcring groups among R*! to R*® on the fluorenyl
ring may be linked together to form a ring, and conseguently
a ring structure such as a benzofluorenyl group, a
dibenzofluorenyl group, an octahydrodibenzoflucrenyl group or
an octamethyloctanydrodibenzoflucrenyl group may be formed.
20 [0199]
In a preferred embodiment of the above substituent groups,
R to R?Y are hydrogen atoms, R?' to R?® are selected from the
hydrogen atom and the hydrocarbon groups, and at least one pair

of neighboring hydrocarbon groups may be linked together to



151 [0330] The number of methyl branches and ethyl branches in the ethylene copolymers is
greatly dependent on how the ethylene copolymers are produced. Ethylene copolymers obtained by 5
high-pressure radical polymerization have a larger number of methyl branches and ethyl branches
than ethylene copolymers obtained by Ziegler-ca&llyzed coordination polymerization.
Inthecaseofcoordinationpolymerization, thenumberofmethyl branches and ethyl branches in the
ethylene copolymers is 10 greatly dependent on the composition ratios among propylene, 1-butene

and ethyfenen paepete/dihylenti hanterfd/ethytane) i thegmolymetrzation system. Accordingly, the
total number of methyl branches and ethyl branches (A + B) in the ethylene copolymers may be

controlled dysdnercaghgarateeieasiidpthez b 1 dmtems/ethylemerratioT j0331pre £ €¥ ) Elie zero-shear
viscosity at 200C [lo (P)] and the weight average molecular weight (Mw) measured by GPC-viscometry

(GPC-VIsttnsatisfy-E qgatidn (Eg-13 belod: 20083246, 1Kk QUBx &k Ak oud 50x10-13x3HETI) [0333]
preferably satisfy Equation (Eqg-2) below: 152 [0334] 0,05x10.13xMw14 ri4 50x10-13x tv3.4 ---(EQ-2)

[0335] metpreferabddsalisfy Eamationdigs3kbeloal H{1336¢ aoxiexcwyrm Ea 50xt0-1xMe ---(Eq-3)
[0337] and particularly preferably satisfy Equation (Eq-4) below: [0338]

5 20 carbon atoms, and silicon-containing groups. When the
bridged metallocene compound has these substituent groups and
the bridging group, the obtainable catalyst relatively
preventé an increase in molecula: weight and permits reducing
the amount of hydrogen required for molecular weight control,

10 whereby it is expected that the component (A} affords an
increased émount of macromonomers and the number of long-chain
branches is increased.

[0200]
Specific examples of the Group IV metallocene compounds

15 represented by Formula [14] are given below but are not limited
thereto:

[0201]
isopropylidene (c¢yclopentadienyl) (£lucrenyl) zirconium
dichloride, isopropylidene (cyclopentadienyl)

20 (2,7-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)
(3,6-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)

(octamethyloctahydridodibenzoflucrenyl)zirconium dichloride,



0115x10. xNhw34 10 1.80x10-13xmw3.4 ---(Eq-4) [0339] According to literature (C. Gabriel, H.
Munstedt, J. Rheol., 47(3), 619 (2003)), when the zero-shear viscosity [flo (P)] is double-logarithmically
plotted against the weight 15 average molecular weight (Mw), the zero-shear viscosity is in
accordance with the 3.4 power law for resins suct$ s long-chain branch-free, linear ethylene
copolymers in which elongation viscosity does ‘not show strain hardening characteristics, but the
zero-shear viscosity [lo (P)] is lower than the power law 20 for resins such as high-pressure

low-densityiiniystiyienay irewbichyelorgrdionadscosipy shews strain rale hardening 153

characteristics. When the zero-shear viscosity [fio (P)] at 200C is not more than 4.50 x 10-13 x Mw3'4,

the elongatiorhviscasity of didatylenetcopphmaarsah kaiy fadg hardening characteristics and
consequently the ethylene 5 copolymers do not cause take-up surge.’[0340] That the ethylene

- copolymer@satishyi Eqeation(figr1F ahevesis;synenyreHs withdhaklpgl0) and log(Mw) that are
‘obtained by double-logarithmically plotting fio and Mw of the 10 ethylene copolymers meet Equation

(Eq-1') dedtbiber belonh {03414 Bcdlog drht 50089 5)log(0) 5 3.4log(Mw) - 12.3468 (Eq-1) (VI) The

molecular weight at the maximum weight fraction 15 (peak top M) in a molecular weight distribution

curve obtdihied hyiGRExs Hbthemoyaef d:f, 1 1842048 G x 40489 preferably 1.0 x 104.20 to 1.0 x
104'40, and more preferably 1.0 x 104.30 to 1.0 x 104'4. [0342] 20The mechanical strength of ethylene
Copmywm@ghuygém¢thylene(cyclopentadlenyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichleride,
diphenylmethylene(cyclopentadienyl)(fluorenyl)zirconium
dichloride, diphenylmethylené(cyclopentadienyl)

10 (2,7—di~tert—buty1flu0renyl)zirconium &ichloride,
diphenylmethylene(cyclopentadienyl)
(3,6-di-tert-butylfliuorenyl)zirconium dichloride,
diphenylmethylene(éyclopentadienyl)
(octamethyloctéhydridodibenzofluorenyl)zirconium.dichloride,

15 cyclohexylidane(cyclopentadienyl)(fluorenyl}zirconium
dichleride, cyciohexylidené(cyclopentadienyl)
(2,7~di-tert~butylflu0reuyl)zirconium dichloride,
cyclohexylidene {cyclopentadienyl)

(3,6-di-tert-butylfluorenyl) zirconium dichloride,

20 cyclohexylidene(cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
phenylmethylmethylene(cyclopentadienyl)(fluorenyl)

zirconium dichloride,

phenyimethylmethylene(cyclopentadienyl)



affected by low molecular weight components. The presence of low molecular weight components
increases molecular terminals that are considered to be an origin of breakage, leading to lowered
mechanical strength ("Polyethylene Gijutsu Dokuhon 154 (Polyethylene Technology Reader)", edited
by Kazuo Matsuura and Naotaka Mikami, Kogyo 8hosakai Publishing, Inc., 2001, p. 45). When the
molecular weight at the maximum weight fraction (peak top M) in a molecular weight distribution curve
obtained 5 by GPC is not less than 1.0 x 10420, the ethylene copolymers contain a small amount of
low molegular waighicompanerls adversely Bffectiagp miechadicahdtreniglie and thus achieve excellent
mechanical strength. [0343] 10The molecular weight at the max mumweight fraction (peak top M) in a
moleculgweightdistibutien yverablained by SREdS knewn to be determined by the composition
ratio of hydrogen and ethylene (hydrogen/ethylene) present in the polymerization system (for example,
"CATALY 3G OR EFtN 45-RQLYMERIZASHPN ), =ditedrhiitaziio-80ge; islal., KODANSHA
SCIENTIFIC, 1990,p. 376). The molecularweight at the maximum weight fraction (peak top M) in a
moleculgrneeightdistripttien hytvermady-be Toptaitedibymeldasing or decreasing the
hydrogen/ethylene ratio. 20[0344] Ethylene polymers (iv) The ethylene homopolymers or copolymers
accerdingde theninvention arlydmbpolidiess: abdthyleneryr tbhpolyomers whethddnecanidi€3-10
a-olefins, preferably copolymers of 155 ethylene and C4-8 a-olefins, and more preferably copolymers
of ethyleaemat34-6 bt olefing.clhepEB+H a-etef Ins(¢dpulyraetze with etiydene include propylene,
1-butene, 1-hexene, 4-methyl-l-pentene, 1-octene and 1-decene. 5[0345) The ethylene polymers
of the inentipbdwea4he fillewiny propeptiesc)ddgpen G846 (Y The ratio rm 6--me+Et/Mall] is in the
range of 0.30 to 1.00, 10 preferably 0.50 to 1.00, and more preferably 0.70 to 1.00 wherein MMe+Et is
the contgrit (metPh) eemetiyh bydnthes aedEthyd tiranchiesmotordidg o 48C-NMR and Man is the
content (mol%) of all the branches according to 13C-NMR. With m --me+Et/Mall being 0.30 or

above, thi: elbylepe polyridsyheveemapgibprately weak 15 heat seal strength and thus have
easy-opening properties. [0347] Branch structures in the ethylene polymers are mostly formed by

the gopolymerizaiion ef ethyleng it azciefins) Metlegiiamchbsakesolt frde. copolymerization with
propylene 20 as an a-olefin, ethyl branches from copolymerization with 1-butene, butyl branches from
copolymérizationywiithi L-hkexene, lisplautyldsiarchels) from copolymerization with
(octamethyloctahydridodibenzofluorényl)zirconium dichloride,
isopropylidene(3-tert"butylcyciopentadienyl}(flgorenyl)
zirceonium dicﬁloride,
15 isopropylidene (3-tert-butylcyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidene (3-tert-butylcyclopentadienyl)
(3,6-di-tert-butylfluorenyl) zirconium dichloride,
isopropylidene (3-tert-butylcyclopentadienyl)
20 (octamethyloctahydridodibenzofluorenyl) zirconium dichloride,
diphenylmethylene (3-tert-butylcyclopentadienyl)
(£luorenyl)zirconium dichloride,

diphenylmethylene (3-tert-butylcyclopentadienyl)

(2,7-di-tert-butylfluorenyl)zirconium dichloride,



4 -methyl - 1 -pentene , hexyl branches from copolymerization with 1-octene, and octyl branches from
copolymerization with 156 1-decene. [0348] The branch structures in the ethylene polymers may
be quantitatively determined by 13C-NMR as will be described later. 5 However, because branch
structures longer than hexyl branches cannot be $8parated and quantified individually by 13C-NMR,
branch structures longer than hexyl branches are quantitatively determined as a total of such long
branch structures. The Mme+Et/Mall is substantially determined by the 10 composition ratio of C3-4
a-olefins ahepb8uPlareleling ¢G8 (4/Q3:10) presehtinctherpoltaerization)system. Accordingly, the
ethylene polymers having M --Me+Et/Mall in the above range may be -
obtained by ineredbirigeortadoreasifig ther €E84/031 0 catic. Ja340] 45 (- Tle melt flow rate (Mn) is in
the range of 0.1 to 100 g/10 min, preferably 1.0 to 50 g/10 min, and more preferably 4 to 30 g/10 min.
With the rdélphewyateMER)ebeilg Otk gt tuingt apotehe eludens nolymers show a shear
viscosity which is not excessively high and permits excellent processability. 20 With the melt flow rate
OMFR)beMQQRﬁmmﬁbXﬁ&¢leﬁgdﬁmdndhbeﬂmﬁémmpebﬂ¥ﬂ$ﬁﬁ@ddﬁ@@ﬂe&gghgg§gggorham
seal strength. [0350] The melt flow rate (Mn) is heavily dependent on the 157 molecular Welght In
detaif, thecAairt by ineft=fioa Bate MER)uthelhigeardhermelaswagweight, and the larger the melt
flow rate (MFR) , the lower the molecular weight. The molecular weight of ethylene polymers is known
to be deterfiar Byihe) 5 tompositiondatdbidtegen and ethylene (hydrogen/ethylene) present in
the polymerization system (for example, "CATALYTIC OLEFIN POLYMERIZATION", edited by Kazuo
Soga, et &Y, KRODANGHAISTE R THRIC, 1898 11 376).cbee: et flowynate (Mn) of the ethylene
polymers may be controlled by increasing or decreasing 10 the hydrogen/ethylene ratio. [0351]
(1) The déhsity €d)diene ethytariefRomopalyinees sroopalymeatscefitbe imention is in the range of 875
to 970 kg/m3, preferably 885 to 945 kg/m3, and more preferably 900 to 936 kg/m3. 15 When the
density (®Y§ 875 )3 deabdve, the etiiene polyhere nar giverfims having low surface tackiness.
When the density (d) is not more than 970 kg/m3, the ethylene polymers show good low-temperature
sedlihg prchettiett {63521 20Thg WEhsity sngepentieatan the a-Diefieanient in the ethylene polymers.
The lower the a-olefin content, the higher the density, and the higher the a-olefin content, the lower the
densny'H%?éQhﬁ#Mk#@@ﬂaﬁ%ﬂgmmu?pmyy&myEMGpmﬂtﬁd%éﬂgﬁﬁnunedbythecomposmonran
of a-olef ins 158

(octamethyloctahydrldodlbenzofluorenyl)zmrconlum dichleoride,

phenylmethylmethylene(3~tert—butylcyclopentadienyl)
(fluorenyl)zircénium dichloride,

18 phenylmethylmethylene(3—tert-butylcyclopentadienyl)
(2,7~di~tert—butylfluorenyl)zirconium dichloride,
phenylmethylmethylene(3—tert~buty1cyclopentadienyl)
(3,6-di-tert-butylfliuorenyl)zirconium dichloride,
_phenylmethylmethylene(3*tert—butylcyclopentadienyl}

20 (octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
isopropylidene(3wtert—butyl—5mmethylcyclopentadienyl)
(fluorenyl)zirconium dichloride,
isopropylidene(3—tertébﬁtyl—5—methylcyclopentadienyl)

(2,7-di-tert-butylfluorenyl)zirconium dichloride,



and ethylene (a-olefins/ethylene) present in the polymerization system (for example, Walter Kaminsky,
Makromol . Chem. 193, p. 606 (1992) ) . Accordingly, the ethylene polymers that have a density in the
aforementioned range may be produced 5 by increasing or decreasing the a-olefin/ethylene ratio.
[0353] (IV) The ratio [MT/fi* (g/Poise) ] is in thédrange of 1.50 x 10-4 to 9.00 x 10-4, preferably 2.00
x 10-4 to 7.00 x 10-4, and more preferably 2.60 x 10-4 to 5.00 x 10-4, wherein [MT (g) ] is 10 the melt
tension and [1* (Poise) ] is the shear viscosity at 200C and an angular velocity of 1.0 rad/sec . With
MT/fi* beiregrpotdess thawri=50 xtlo:4 -betethyenepolypisry bave aaceptableyieck-in. With MT/fi*
being not more than 9.00 x 10-4, the ethylene polymers show good extendability. 15(V) The
zero-shedBvisedsitytat 200Cu[ng { P) hand tlyd Wweight audrage dialetdiat kejght (Mw) measured by
GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below: [0354] 0,0ixio-"x 450x10 4/434 --(Eq.].)
20[0355]imeferalgy Satisip £ (Riatien (Egp2) peloww-fed3s6i 1 tH& 1opentadienyl)
0.05x10-13xMw3'410-4.50x10-13xMw33(EQ-2) [0357] more preferably satisfy Equation (Eg-3) below:
[0358] 5 0ckOix& B i3xivivernt 8508 10-d Suie n (&R )] 0809 1gnek partiadlany gi eferaltyi safisfy
Equation (Eg-4) below: [0360] 0,15x10- xMw3.4 ri 5_1.010" xMw3,4 an(44) 10[0361] According to

liter&tured Opatyibind-+ Hyhlrsiedt? d tRireoltA(3); 5184 2003)  waleptherzeta«alean viscosity pia (P)]
is double-logarithmically plotted against the weight average molecular weight (Mw), the zero-shear
viscosity {€ inth aeogordancewith thre 8 Ucpdwerildw for resins such as long-chain branch-free, linear
ethylene polymers in which elongation viscosity does not show strain hardening characteristics, but the

zero-shedi piseosifirfad{p)l eslewer thart tHapguierdawdotrgsingclispeashighqigssure low-density

polyethylenes in 20 which elongation viscosity shows strain rate hardening characteristics. When the

zero-sheéR vigedsityt{é 10 {(B)jayl f luorenyl) zirconium dichloride,
diphenylmethylene{3-tert-butyl-5-methylcyclopentadienyl)

10 (3,6—di—tert—bﬁtylfluorenyl)zirconium dichloride;
diphenylmethylene(3-tert*butyl—5—methchyclopentadienyl)
{octamethyloctahydridodibenzofluorenyl) zirconium dichloride,
cyclohexylidene(3—tert—butyi—s-methylcyclopentadienyl)

(fluocrenyl) zirconium diéhloride,

15 cyclohexylidene (3-tert-butyl-5-methylcyclopentadienyl)
(2,7~di—tert-butylflubrenyl)zirconium dichloride,
cyclohexylidene (3-tert-butyl-5-methylcyclopentadienyl)
(3,6-di~tert~butylf1uoreny})zirconium dichleoride,
cyclohexylidene (3-tert-butyl-5-methylcyclopentadienyl)

20 (octamethyloctahydridodibenzofluorenyl) zirconium dichloride,
phenylmethylmethylene
(3—tert~buty1—S*metﬁylc?clopentadienyl)(fluorenyl)
zirconium dichloride, phenylmethylmethylene

{(3~-tert-butyl-5-methylicyclopentadienyl)



160 200C is not more than 4.50 x 10-13 x Mw34, the elongation viscosity of the ethylene polymers
shows strain rate hardening characteristics and consequently the ethylene polymers do not cause
take-up surge. 5[0362] That the ethylene polymers satisfy Equation (Eg-1) above is synonymous
with that log(130) and log(Mw) that are obtained BY double-logarithmically plotting no and Mw of the
ethylene polymers meet Equation (Eg-1') described below: 10[0363] 3.4log(Mw) - 15.0000 5 log(ie) 5
3.4log(Mw) - 12.3468 (Eg-1") In a preferred embodiment, the ethylene polymers of the  invention
further hate tAeddltovemd propeyty iV o #8{08614% i r coviuTrhel tnetdasttardreight at the maximum
weight fraction (peak top M) in a molecular weight distribution curve obtained by GPC is in the range of
1.0 x 1042y 0ec ho4502 4036520 The mechanical strength of ethylene polymers is greatly
affected by low molecular weight components. The presence of low molecular weight components
increases{ otesttarttstrmihas-thatirelconsideped taBé enyarigin of breakage, leading to lowered
mechanical strength ("Polyethylene Gijutsu Dokuhon 161 (Polyethylene Technology Reader)", edited
by Kazuo(Mafsuiita aat Naotakal MikamicKpgye Chosakiaif ublishingxringe 2001, p. 45). When the
molecular weight at the maximum weight fraction (peak top M) in a molecular weight distribution curve
obtahed BigneP@Eihylees takehe0 x 104'3 , the ethylene polymers contain a small amount of low
molecular weight components adversely affecting mechanical strength and thus achieve excellent
mechanidal strengtrb 036561 30Mee molesuwlacpeighs dt tasyraximum weight fraction in a molecular
weight distribution curve obtained by GPC is known to be determined by the composition ratio of '
hydrogen( asd attgtdnel (9t rdgedistdyldnbepresédtintbe polymerizatidmsaystesn ffor-example,
"CATALYTIC OLEFIN POLYMERIZATION", edited 15 by Kazuo Soga, et al., KODANSHA
SCIENTIFIG, Fdex 18783, Tempwiesidar Weighkatlthe omgndmmids'wedghtfeslckion in a molecular
weight distribution curve may be controlled by increasing or decreasing the hydrogen/ethylene ratio.
[0367] 26-Preeriwedsmetictisiand auplicatiodssof ethgltkexpplymensoundd o rédues wariations in
properties, particles of the ethylene polymers obtained by the polymerization processes, and other
optiénal esmperanis mayivsrhsier), kreatidd togethendsd pelietined byappsopsiaie raethods. 162

diphosphine compounds of the above metallocene compounds, and
compounds"éorresponding to tHe above metallocene compounds
except that the central metal is replacéd by titanium or
hafnium.

15 [0202]

Of the above metallocene compounds, preferred are
isopropylidene(cyélopentadienyl)(fluorenyl)zirconium
dichloride, isopropylidene{cyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride,

20 isopropylidene (cyclopentadienyl)
(3,6-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,

dibutylmethylene{cyclopentadienyl)(fluorenyl)zirconium



[0368] The ethylene polymers of the invention may be blended with other thermoplastic resins to
give thermoplastic resin compositions that have exgellent processability and high 5 mechanical
strength. The blending ratio of the ethylene polymer and other thermoplastic resins may be in the
range of 99.9/0.1 to 0.1/99.9. [0369] Examples or other thermoplastic resins include 10 crystalline
thermoplastic resins such as polyolefins, polyamides, polyesters and polyacetals; and amorphous

thermoplaste esinp euch apRolsiyenss, Aorlontylefbytadiens/suione (ABS) copalymers,

polycarbonates, polyphenylene oxides and polyacrylates. 15 Polyvinyl'chloride may also be preferably

used: [0370] g polyolefing nclyde eilylens POYMELS, AIQRYIENS RAIYMEE butene polymers,

4-methyl-1-pentene polymers, 3 -methyl- utene polymers and hexene polymers. In particular, 20

ethylene %?Q&erih%rgg%lfg% %cel mers, a@% égggt@xl-]l—)oentene polymers are preferred. The ethylene
polymers ereinymay e-the ethy ehe potymers accor%llng to the invention or may be conventional

ethylene polymers oy ethylene roup-containing vinyl copalymers, and preferably 163
conventioglgafl g%h%fén%eggi%ggﬁ%%fl%n ﬂ]g Zp%ﬁ%écs)fgrél mc%%gharc?r%éﬁggz‘)olyesters such as
polyethylene terephthalate, polyethylene naphthalate and polybutylene terephthalate;
poly%aprgégt%ﬁg%ﬁ%tgy&%%Ef/glﬁt@%?&r%ﬁ eI’Eﬁéalr[})olyamides include aliphatic polyamides such
as Nylon-6, Nylon-66, Nylon-10, Nylon-12 and Nylon-46, and 10 aromatic, polyamides produced from
aromatic Hféa 885%‘8%%%%%%%%‘ﬁ%ﬁ&%%%ﬁ%%gﬁdﬁé?%@ PBIYACRES FEItdE PofTortaldehyde

olyoxymethylene), polyacetaldehyde, polypropionaldehyde 15 and polybutylaldehyde. Of these,
g&;&nﬁgmg %é%ﬁ%ﬁmﬁwqﬁé%ﬂé%ﬁﬂédgeny1)(%luorenyf)gﬁrggniwg

dichloride, cyclohexylidene{cyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride,

10 cyclohexylidene (cyclopentadienyl)
(3,6-di-tert-butylfliuorenyl) zirconium dichloride,
cyclchexylidene (cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl) zirconium dichloride,
dimethylesilyl (cyclopentadienyl} (£luorenyl) zirconium

15 dichloride, dimethylsilyl(cyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
dimethylegilyl (cyclopentadienyl)
{3,6-di-tert-butylflucrenyl)zirconium dichloride and
dimethylsilyl {(cyclopentadienyl)

20 (octamethyloctahydridodibenzofliuvorenyl) zirconium
dichloride.

[0203]
Specific examples of the metallocene compounds in which
neighboring groups among R'7 to R?*? on the cyclopentadienyl ring

25



[0374] The polystyrenes include styrene homopolymers and binary copolymers of styrene with
acrylonitrile, methyl methacrylate 20 or a-methylstyrene. [0375] The ABS copolymers preferably
contain 20 to 35 mol% of structural units derived from acrylonitrile, 20 to 30 mol% of structural units
derived from butadiene, and 40 to 60 mol% of 168Fstructural units derived from styrene. [0376] The
polycarbonates include polymers obtained from bis(4-hydroxyphenyl)methane,
1,1-bis(4-hydroxyphenyl)ethane, 5 2,2-bis(4-hydroxyphenyl)propane and

2,2-bis(4-ayeoxyphenyl)butane, d-partic lycar tes qbtained from ,
2,2-bis(4-hydroxyphenyl)propane are [?re?e%eﬂtg).%[&% %%%éffe%rle%gex%]fn&eglb}??ﬁel EH?ﬁﬁenylene

oxides incluttecpaty (2xG-dimethyilsd-phepyens oxi . Preferred examples of the
polyacrylates include _ponm’ethyI methacrgi)gte gr%%ggéégg%?&?%%ﬁg%eny;rﬁe thermoplastic
resins maymd@w@mn@ycqlwg@o%gg%ﬂwi@e#%e&g é)lrgn%lil?atlon. Of the thermoplastic

y yme

resins, the polyolef ins are particularly preferable, and ethylene po s are still more preferable.

20[0380] (2 ,Theiethylene §r§1@5¥g35}tfjr£§g.gigm§lm a&lﬂl: <§1 to if[gg above thermoplastic
a

resins while still achieving the objects of the Invention. Exemplary ditvesdre weathering stabilizers,

heat stabilizess:apljstatieaaqntis qantiy$lip 165 agents, antizhlocking agents, anti-fogging agents,
lubricants, pigments, dyes, nucleating agents, plasticizers, antl-gging age%fg’f drochloric acid

absorberzanatentiosdanitenis8ike, Iggﬁyggg;ﬁ BQQ@?{%B& @;fslvention, and the thermoplastic
resin compositions containing the ethylene ,

(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
cyclohexylidene(indenyl)(fluorenyi)zirconium dichloride,
cyclohexylidene (indenyl) |

10 (2,7~di—tert-butylfluorenyl)zirconium dichloride,
cyclohexylidene(indenyl)(3,6~di—tert—butylfluoreny1)
zirconium dichloride, cyclohexylidene (indenyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
dimethylsilyl(indenyl)(fluorenyl)zir&onium dichloride,

15 dimethylsilyl(inden?i)
(2,7-di—tert-butylfluorenyl)zirconium dichloride,
dimethylsilyl{indenyl){3,6—diatertnbutylfluorenyl)
zirconium dichloride and dimethylsilyl (indenyl)
(octamethyloctahydridodibenéoflucrenyl)zirconium dichloride.

20 In the invention, two or more differing kinds of the metallocéne

compounds represented by Formula [14] may be used without

limitation.

[0204]

Thekmidgednmtallocenecompoundsxepreseﬁtedianormula



polymers may be processed with good processability into articles having excellent mechanical
strength. Preferred  shaped articles are films, and laminate films including the 10 films are more
preferred. [03821 The ethylene polymers of the invention, and the thermoplastic resin compositions
containing the ethylene  polymers may be proceised by usual film-forming processes, 15
sheet-forming processes, blow molding processes, injection molding processes or extrusion
processes. The film-forming processes include extrusion lamination, T-die extrusion and blown-film
extrusion( (adr] canliag Ad/atel epeking, meultistay¢ Zoalkdg, high-speed processing). The films thus
obtained may 20 be used individually or may be used as multilayer structures having various functions.
Such multdayes structures may be produced by co-extrusion according to the shaping methods
described above. Alternatively, the films may be laminated with paper or barrier films (such as
aluminurgdaitsodepasitetc 166 films and coating films) that are not suited for co-extrusion, by
laminating processes such as extrusion laminating processes or dry laminating processes. Multilayer
structures having higher dunctivosanayibieimanafaotured dyreepedasidredctordimgrhitd blew molding
processes, injection molding processes or extrusion processes similar to the co-extrusion according to
filmFormirigeprocdasels. {338B3] Itk ;ethylene polymers of the invention, and the 10 thermoplastic resin
compositions containing the ethylene polymers may be shaped into articles such as films, sheets,
blow-molded infustork bags;ddowaioklédotitesy gasolipeitadks; extrdded tubes or pipes, tear caps,
injection molded articles including everyday goods, fibers, and large articles 15 manufactured by
rotational moldingc[0884¢ Fhpwthlend palymess of thel invehben  canmbthedhemsndglastou@sin
compositions containing the ethylene polymers may be processed into films that are suitably used 20
as water (®htent packaygiag bags, lfpiid-soup packages, : '

The compounds (c-1) may be those compounds disclosed in
10 JP—A—H11*3i5109andEP0874005Afiledturthepresentapplicant.
[0206] . |
Of the organometallic compounds (c-1) represented by
Formulae [18], [19] and [20], those having Formula {183 are
preferable. Specific examplés of such compounds include
15 trialkylaluminumssﬂxﬁlastrimethylaluminum,triethYlaluminum,
triisopropylaluminum, triiscobutylaluminum, trihexylaluminum,
trioctylaluminum and tri-2-ethylhexylaluminum;
dialkylaluminum halides such as dimethylaluminum chloride,
diethylaluminum chloride, diisopropylaluminum chloride,
20 diiscbutylaluminum chloride and dimethylaluminum bromide;
alkylaluminum sesqguihalides such as methylaluminum
sesquichloride, ethylaluminum sesguichloride,

isopropylaluminum sesquichloride, butylaluminum

segguichloride and ethylaluminum sesquibromide; alkylaluminum



liquid-packaging paper containers, laminate raw fabrics, special-shaped liquid package bags (such as
standing pouches) , standardized bags, heavy-duty bags, wrapping films, sugar bags, oil content
packaging bags, various packaging films such as 167 food packaging films, protective films, infusion
solution bags and agricultural materials. The films3fhay be laminated with bases such as nylon films,
polyester films or polyolefin films for use as multilayer films. 5[0385] [Examples] The present
invention will be described in detail hereinbelow based on examples without limiting the scope of the
invention.Prapariigs wesa ieassred ithese examplesdy-14 the, methods. as described in the
description of the ethylene polymers (i) to (iv). (1) Synthes?s of br%c%ge’d n%dg}jaﬁl)geﬁlem&&ﬁﬁ‘ounds of
Formula [&} eitbaletia polyswizaion PIesesses Using:plefin; polymerization catalysts (a) 15
[Synthetic Example 1] [Synthesis of dimethylsilylene(cyclopenta ie%%{ SLRY FA TR
(3-ethylcyattpentatirnyl)airegnismugishioride (A«(Stap 1) swpthesis, of L
chloro(cyclopentadienyl)dimethylsilane THF igﬁ; volume of 100 ml v%a?é“%éé‘é”&%%é%“&lo mmol) 20
of dimethyigityt dlivklorisiee 8RgthemixurRASEPledtR. - 78614 2 M ﬁ!fn%‘l'%ti%ﬁ‘n%%%?'“m

cyclopentadiene in a volume of 38.7 ml (77.4 mmol) was added thereto dropwise 6ver a period of 30

minuses, Mﬂm@mpﬁiat@@w@ggq%uyﬂﬁgegw ir({@’maqqrg_\%?sﬁtirg%ql %t. room temperature
u

for 24 hours, and 168 was concentrated under reduced pressure. Insolubles were réMoved by

filtration. kel filtetds was veashegit Gaxanan anddhe gggaqﬁ\ggg%%&%d away from the filtrate
nyl)di

under reduced pressure, thereby obtaining 5 chloro(cyclopentadie e?hylllé?lazrllzélﬁhe compound

was useddipdind dext siepHOBSOL(SIRR A synibasis 9f (3-gthyley EWSQW%%%Q:LW )
ot 7.52 g (80 mmol) was

(cyclopentadienyl)dimethylsilane 10Ethylcyclopentadiene in an amount

dissolvedhipdfiael, ofdiH keand Hiecsol utiamMas 69 10 {8C, A31.58 M hexane solution of
n-butyllithium in a volume of 56 ml (92 mmol) was added thereto dropwise. The mixture was stirred at

room temizrateesfosiyIuramndwes-galetopyise 19 10,50 mlf THE contaiping 110 mmol of the

chloro(cyclopentadienyl)dimethylsilane at -78C. The temperatuie was gradually increased; and the

mixtare veascstiraed Al feorhjeraperiwendos 24 Aevand yas,ceneeniraied under reduced pressure.
Insolubles were removed by filtration. 20 The filtrate was washed with exane %%n Ov?/{aiLsLél distilled under

reduced pressager dpreldistillatewas webiestero silica @f@l&%?ﬂ%{”@ﬁ%@%hy' and 0.86 g of
(3-ethylcyclopentadienyl)(cyclopentad enyl)dimethylsilane was obtdined. The compound was identified
by GC-MS: aG:Mis:.

[0207]

These compounds may be used siﬁgly; Oor two or more kinds
15 may be used in combination.
[0208]

Preferred organcaluminum OXy-compounds (c-2) are
aluminoxanes prepared from trialkylaluminums or
tricycloalkylaluminums. In particular, organocaluminum

| 20 oxy-compounds prepéred from trimethylaluminum or
triisobutylaluminum are preferable. The organoaluminum

Ooxy-compounds may be used singly, or twe or more kinds méy be

used in combination.

[0209]



169 216 (MS). (Step 3) synthesis of dimethylsilylene(cyclopentadienyl)
(3-ethylcyclopentadienyl)zirconium dichloride (Al) The dimethylsilyl(cyclopentadienyl)
(3-ethylcyclopentadienyl) in an amount of 0.90 g (3.9 mmol) was dissolved in 40 ml of diethyl ether,
and the solution was cooled to -78C. A 1.57 M hefane solution of n-butyllithium in a volume of 5.09 ml
(8.0 mmol) was added thereto dropwise. The temperature was gradually increased, and the mixture
was 10 stirred at room temperature for 24 hours and was concentrated under reduced pressure. The
concentrate wasBaastieewith 13 hd afdwexanedisreectimiéscibebdsultehtnehite daligl was isuspended in
50 ml of hexane. To the suspension, 820 mg (3.5 mmol) of zirconium tetrachloride was added at -78C.
The tempéeratureribonas grathupllpintreased; angahe miixt(B was sfioed atnodmtempenature for 24
hours. The mixture was then filtered and washed with hexane to remove insolubles. The filtrate was
concentrated urider reguce dapredsyreiandiwas eresbed @sth femntams Tdemesula® salidiwas dried
under reduced pressure to give 20 210 mg of dimethylsilylene(cyclopentadienyl)
(3-ethylcyelppentadenybrirconida dichldrge: (Al p@deld nl 498). AHE0Gornddiddwas identified by
1H-NMR and FD-MS. [0387] 1H-NMR (CDC13, based on TMS): 7.1-6.9 (m, 2H), 6.6 (s, 170 1H),
6.0-5.8 (0p 341} (B15 $ 244 1¥%, 2.6 ¥ 2H) 3E. 278 BbH . 0.8FC. A {93 (d, B14Y;8-D-MS: 376 (MS)
[Synthetic Example 2]  [Synthesis of dimethylsilylene(3-n-propylcyclopentadienyl) 5
(cyclopettaeiertyt) 2ircarionn Jichildride (A2 ESE[F 43 syath@si§ 8 . Patent No.

- chloro(cyclopentadienyl)dimethylsilane- THF in a volume of 100 ml was added to 14.3 g (110
mmaoJ.) &f dimettdsdlyl dithtoridepahg thewpxiuredwas tdolbddp o28C CAROMURHIE soiation of sodium
cyclopentadiene in a volume of 10 38.7 ml (77.4 mmol) was added thereto dropwise over a period of

30 minutes sandthestepipeyatdre Weisegradualiypinvredsedathé mixtaredwad stipud at room
temperature for 24 hours, and was concentrated under reduced pressure. Sodium chloride was
removedlhyrfiltratidrmrThe filtrate was washed with hexane,

10 [0210]

When the oclefin polymerization catalyst of the inventien
is used together with an organcaluminum oxy—compouna éuch as
methylaluminoxane as a cocatalyst component, the catalyst
shows very high polymerization activity for olefin compounds.

15 PFurther, an organoalumin.um oxy-compound reacts with the active
'hydrogen in the solid carrier, and a solid carrier component
containing the cocatalyst component may be prepared easily.
In view of these advantages, it is preferable to use the
organoaluminum oxy-compound (c-2) as component (C).
20 {o0211]

S8olid carriers (&)

The solid carriers (S) will be described next. The solid
carriers (8) may be simply referred to as the components (S).

[p212]



15 and the hexane was distilled away from the filtrate under reduced pressure, thereby obtaining
chloro(cyclopentadienyl)dimethylsilane. The compound was used in the next step. [0388] 20 (Step 2>
synthesis of dimethylsilyl (3-n-propylcyclopentadienyl)(cyclopentadienyl) TEF in a volume of 100
ml was added to 2.16 g (20 mmol) of n-propylcyc®pentadiene, and themixturewas cooled to -78C.
A1.57 M hexane solution of n-butyllithium in a volume of 13.3 171 ml (22 mmol) was slowly added
thereto dropwise. The mixture was stirred at room temperature for 3 hours. The reactor was cooled
again to -78C, aritt® 93 9lL(26 menot)isfthd £hlarp (ci/clupkhtadienyd) dimettiylsilane gisselyad in 20 ml
~ of 5 THF was added dropwise to the reactor. The mixture was stirred at room temperature for 18
hours, andishazoiptetiprrdithe reastpanias confirmenkbyi Tl € hé/afernvas ddeed alQG to terminate
the reaction. The reaction liquid was extracted with hexane. The organic layer was washed with a
saturatedosalihen® soiutiohs westdriesicdvist mafjhesioomuuifate aaddeascfiltased. The filtrate was
concentrated under reduced pressure. The concentrate was purified by silica gel column
chromatogedshiy@biveat: drexaseltrizthyiacirmer 98/2 (viv))iahdodistiladion under reduced pressure to
give 1.73 g of dimethylsilyl 15 (3-n-propylcyclopentadienyl)(cyclopentadienyl) (yield: 38%). The
compound@gdsidentified by 1H-NMR and GC-MS. [0389] 1H-NMR(CDC13, based on TMS):
7.0-6.0(br, 7H), 3.0 (s,
Examples of the inorganic compounds and the organic
compounds are as described hereinabove, with the porous oxides
and the inorganic halides such as inorganic chlorides being
preferable.
10  [0214]
- The olefin polymerization catalysts of the invention may
be prepared as described below.
[0215]
In a first embodiment, the olefin polymerization
15 catalysts of the invention may be prepared by adding the
compdnents'(A), (B) and (C) to an inert hydrocarbon or a
polymerization system containing an inert hydrocarbon.
[0216]
The components may be added in any order, but are
20 preferably added in exemplary orders as described below.
i) The components are added to a polymerization system
in the order of the component (C), the component (A) and the

component (B).

ii) The components are added to a polymerization system



1H),2.9(s,1H),2.3(m,2H),1.6(m,2H)0.9 (t, 3H), 0.1 20 (t,3H),-0.2ppm(s,3H);GC-MS:230(MS)  (Step 3)
synthesis of dimethylsilylene (3-n-propylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride (A2)
The dimethylsily1(3-n-propylcyclopentadienyl) 172 (cyclopentadienyl) in an amount of 0.90 g (3.9
mmol) was dissolved in 40 ml of diethyl ether, and the solution was cooled to -78C. A 1.57 M hexane
solution of n-butyllithium in a volume of 5.09 ml (8.0 mmol) was added thereto dropwise. The 5
temperature was gradually increased, and the mixture was stirred at room tem&;ratur for 24 hours

t

and was TonEétrated Thd8r rediiced PrEsELre: The doncehfraftWES Wakted With® ¥ m 6fhexane

three times. The resultant white solid was suspended in 50 ml of hexane. To the suspension, 820 mg
(3.5 mmAPBPEE itcontdim tetrachloride was added at -78C. The temperature was gradually
increased, and the mixture was stirred at room temperature for 24 hours. The mixture was then filtered

and washed withHexanet6 r&mBee BERs: THe filfatR waS coiitBRiaed unter rédiicet’5i&8sure and

was washed with pentane. 15 The resultant solid was dried under reduced pressure to give 210 mg of

dimethyIgilferiet3-hasiepilcyddsentsdienyl} (G clopehistenyhZirtidniunt Bichiice (A2) §ield: 14%).

The compound was identified by 1H-NME and FD-MS. [0390] 201H-NME (CDC13, based on TMS):

7.1-8.9 (RO 210566 18 tH)0 B.6556 @1, 3P, 5B AH S 6-ME SATECS R F2H) 086 (B B190.8-0.7

ppm (d, 6H); FD-MS: 388 (MS) [Synthetic Example 3) [Synthesis of dimethylsilylene(cyclopentadienyl)
to the polymerizaticon system.

iv) The compcnent (B) and the component (C) are mixed and
contacted together. The contact product is added to a
polymerization system and thereafter the component (A} is added
10  to the polymerization system.
v) The component () is added to a polymerization system.
The component (A} and the compecnent (B) are mixed and contacted
together, and the contact product is added to the polymerization

system.

ford
o

vi) The components are added to a polymerization system
in the order of the component (), the component {A) and the
component (B). The component (C) is thereafter added again to
the polymerization system.

vii) The components are added to a poclymerization system
20 in the order of the component {(C), the component (B} and the
component (A} . The component (C) is thereafter added again to
the polymerization system.

vili) The component (A) and the component (C} are mixed

and contacted together, and the contact product is added to



173 (3-n-butylcyclopentadienyl)zirconium dichloride (A3)1 (Step 1) synthesis of
(3-n-butylcyclopentadienyl) chlorodimethylsilane THF in a volume of 50 ml was added to 30.1 g (61.5
mmol) 5 of a 25 wt% THE' solution of butylcyclopentadiene, and the mixture was cooled to 0C. A 1.52
M hexane solution of n-butyllithium in a volume 0f38.4 ml (58.4 mmol) was added thereto dropwise.
The mixture was stirred at room temperature for 2 hours and was added dropwise to 50 ml of THE'
containing 1014.3 g (110 mmol) of dimethylsilyl dichloride at -78C. The temperature was gradually

increaseds ard theemixtureiwassstisrednal rovhetempeaidiefoEl4 howsandawas songgatsated under
reduced pressure. Insolubles were removed by filtration. The filtrate was washed with hexane and was

distilled under b& redicetkpresatireothereby eftaiang &88 dcd¥mponent (C) is added
(3-n-butylcyclopentadienyl)chlorodimethylsilane (yield: 64%). The compound was identified by GC-MS.

GC-MS: 2AuS): ¢Stape? )Rynifrests abdieihydsibt e 3LIITbutYlccicentac-enn(cclPenlitadienYli
20THE in a volume of 50 ml was added to 8.8 ml (16.6 mmol) of a 2 M THE' solution of sodium

cyclopentadienide antiteedninpusaaves ¢Bolethi® A8 ctRonent (C) are mixed and
(3-n-butylcyclopentadienyl)chlorodimethylsilane in an amount of 1.89 g (8.8 mmol) was dissolved in 20

ml oBTHE pame te=d 74sptutlosmyas addethdrapyyise - thereadet The midere was stirred at room
temperature for 2 hours and at 50C for 2 hours. The completion of the reaction was confirmed by TLC,.

and watepwhgraeidédat Dbhtatesminale thascackqordiecreagiiondioing bavas-extraciad avith hexane.
The organic layer was washed with-a saturated saline solution, was dried over magnesium sulfate, and

was filteree. Eiefittalgmasicontentatedsmster regdcathpresstsodBeconeenirate,was gistilled
under reduced pressure to give 1.07 g of dimethylsilyl 210(3-n-butylcyclopentadienyl)(cyclopentadienyl)
(yield: 50&6)a The ttompoeindailasniele htified by 1 Evi¥MEnand GC-MS. [0391] 1H-NMR (CDC13, based
on TMS): 7.0-6.0 (br, 714), 3.2 (d,  114), 2.9 (d, 1H), 2.3 (t, 214), 1.4 (m, 414), 0.9 (t, 314), 0.1 15(t,
3H), -0.2 ppm (s X3HTHE G- eV ST (Siep S syathesia eflipathvisiyienstcysiapantadienyl)
(3-n-butylcyclopentadienyl)zirconium dichloride (A3) The dimethylsily1(3-n-butylcyclopentadienyl)
(cytpemadiernytinnmeramntaaid. 58 ¢ o8 onmal) was 20rdissolved iand adrof siathy ether, and
the solution was cooled to-78C. A1.57 Mn-BulLi solution in a volume of 3.16 ml (4.99 mmol) was added

thereto dremeiséckhesdempératuomwas gatodlly-indreaskilk anchthe apdurensas stirFachat room
temperature for 24 hours and was concentrated under reduced 175
system. The component (C) is added again to the polymerization

system.

Of these, the addition sequences i), i1i) and v) are
15 particularly preferred.

[0217]

In a second embodiment, the olefin polymerization
catalysts of the invention may be prepared by adding a solid
catalyst component (K1) formed of the solid carrier (8) and

20 the components (C) and (A}, and a solid catalyst component (K2)
formed of the sclid carrier (8} and the components (C) and (B)
to an inert hydrocarbon or a polymerization system containing

an inert hydrocarbon.

foz18] -



pressure. The concentrate was washed with 6 ml of hexane three times. The resultant white solid was
suspended in 60 ml of hexane. To the suspension, 500 mg (2.15 mmol) of zirconium tetrachloride was
added at -78C. The temperature was 5 gradually increased, and the mixture was stirred at room
temperature for 24 hours. The mixture was then fiftered and washed with hexane to remove salts. The
filtrate was concentrated under reduced pressure to give 510 mg of a crude purified product. The
crude product was washed with diethyl 10 ether and pentane, and the solid obtained was dried under
reduced pressureie given 66 eng of dagethy|Sigtengity dlopentaeMenyt) (Bandnykeydepentadienyl)
zirconium dichloride (A3) (yield:  20%). The compound was identified by 1H-NMR and FD-MS.
15[0392put are pfitRMRYCHCER haseddniMS)etrdl @y 2H)rasns, 483890t i3)35.5 (s, 1H),
2.6 (m, 2H), 1.4 (m, 2H), 1.3 (m, 2H), 0.9 (t, 3H), 0.8 ppm (m, 3H); FD-MS: 404 (MS) [Synthetic -
Examplebg 120fSynthesis of dimethylsilylene(cyclopentadienyl) (3-n-octylcyclopentadienyl)zirconium
dichloride (A4)] KStep 1) synthesis of n-octylcyclopentadiene THE' in a volume of 100 ml was
added to 50 ml (220 mhmx ofipMritHEC$ofticroofrsodiv eyididpéitadienige rard-thes 1176 mixture
was cooled to -78C. A THF solution of 19 .3 g (100 mmol) of 1-bromooctane was added thereto
dropwiseafdirthies il w4 gh{10B8enalpupbné=diméty 1t inidarolidironeiwas addéd dropwise. The
mixture was stirred at -78C. The mixture was further stirred at room temperature for 24 hours and was
cooled ta8@pdhengactivhwas serprmated 1y addirg tdnpydresitlon€ acitls andhexatewas added to
the reaction liquid. The organic layer was washed with a saturated aqueous sodium hydrogen
carbonate isgtutiGreandrtipemedth o Satwated hgueous sodinen chitpideddtsdl@tior oTRevrganic layer
was dried over magnesium sulfate, was filtered, and was concentrated under reduced pressure. The
concentrate wastpadfied py distiktionantddiX2ducedipess grettalghed 6P gHS7 Suhmaly of target
n-octylcyclopentadiene. The compound was identified by GC-MS. 15GC-MS: 178 (MS). (Step 2)
synthesisietdimiethysilifeyclvpentadienyl) -n-octylcyclopentadienyl) THF in a volume of 100 m|
was added to 5.34 g (30 mmol) of the n-octylcyclopentadiene, and the mixture was cooled to 20 -78C.
A 1.88 M hexanecsdlutifinef admppiitium (A a vblurment 46 0=d| @O mntdipwasridedtitereto
dropwise. The mixture was stirred at room temperature for 2 hours and was added dropwise to 50 ml
of THF céftairing 14t@g (¥16mnmbY of elimethgistlyl @chlbadé @ w7 8C sTRd erapsaturetwas 177
gradually increased, and the mixture was stirred at room temperature for 24 hours. The mixture was
concentratetognten tediced. présspes; anelinsolibles ewre earaoted By fikmationnThs filkdte was
washed with hexane, and the hexane was 5 distilled away from the filtrate under reduced pressure,
thereby ebitainitg etorpiimethy| (80 -cendeydiepemitieiyheilaasrPResdmpdundavas dentified by
GC-MS. Thereafter, 100 ml of THF was added to the reactor, and the temperature was lowered to 10
-78C. A 2 MJTHE soiftiohysitsodinprogsidpéatienido aF & ¢elambyE Ll S PRS0 ¢MhsIRwas added
dropwise. The temperature was gradually increased, and the mixture was stirred at room temperature
forlZ4 howess A\fien tleaetioh Hwsicsniirmed to have proceeded sufficiently, water was added at 0C
to terminate 15 the reaction. The reaction liquid was extracted with hexane. The organic layer was
washed with a satiifkéd B corspoaitit hy8logeh eambagteeshblwidi ahbigherMaPresaturated

saline solution, was dried over magnesium sulfate, and was filtered. The filtrate was concentrated
under red@dedpréssifa FHgh a contact product between the component (A)

and the component (C) to form a sclid catalyst component (K1).

Separately, the component (C) is c;ontacted with the component

20 {S} and then with a contéct product between the component (B)

and the c‘omponent (C) to form a solid catalyst component (K2).
These catalyst components are used in polymerization.

xiv) The component (C} is .contacted with the compeonent

(8), then with the component (A} and thereafter again with the



20 concentrate was purified by silica gel column chromatography (solvent: hexane/triethylamine = 98/2
(v/v)) to give 3.5 g of dimethylsilyl(cyclopentadienyl)(3-n-octylcyclopentadienyl) (yield: 39%). The
compound was identified by GC-MS. GC-MS: 300 (MS). 178 (Step 3) synthesis of
dimethylsilylene(cyclopentadienyl) (3-n-octylcycldfentadienyl)zirconium dichloride (A4) The
dimethylsilyl(cyclopentadienyl) (3-n-octylcyclopentadienyl) in an amount of 3.1 g (10 mmol) 5 was
dissolved in 80 ml of diethyl ether, and the solution was cooled to -78C. A 1.57 M hexane solution of

n-butylithisamonsakimey! £ 1 e8:@05 mowives added hergidigoyise, T temperature was
or

gradually increased, and the mixture was stirred at room témperatu urs’and was

concentratashA@ sindaytecce aimssenT Necone gl wasesiedih hexane. The soli

obtained was suspended in 80 ml of hexane. To the suspension, 1.96 g ( mmolﬁpéf%ler%gnium

tetrachloride)was ndded At n78ke Thadsomsaraturg yv%%ar%%@yxé%{%sg%aa@f’ the mixture was
s

stirred at room temperature for 24 hours. The 15 mixture was then filtered an washed With hexane to

remove saksnddedilttatecas sonsentratad, y@@e%@ggﬂg% gr%%%ﬁggqu}yﬁshegﬁvith a solvent
rie

mixture consisting of diethyl ether and pentane. The resultant solid was under reduced pressure

to give 24famg of eimeibyisdylenecystopeniagdienyl) 219&- ;RGlylcyclopentadienyl)zirconium dichloride
(yield: 5%). The compound was identified by 1H-NMR and FD-MS. [0393] 1H-NMR (CDC13, based on

TMS): 7.0 (s, 1H 6.9 (se k), 4%Q (Forblck 2402 84t 7 m, 6H); FD-MS: 458
(MS) [Synthetic Example 5] [Synthesis of di(r:nethyglgIyIenéee%[ig(%f?i?ﬁralfllj{&ér%rgl}(tyﬁgy%lopentadienyl]

(cyclopentadieny)zireeniyinmpeishloride{A5)] (Step 1) synthesis of [3-(4,4,4-trifluorobuty1)]
(cyclopentadienyl)chlorodimethylsilane THF in a volume of 150 ml was added to 1.5 g (8.5 mmol) 10
of (4,4,4-tflzmaobutyl)cyclopentadiene, and the mixture was cooled to OC. A 1.52 M hexane solution of
n-butyllithium in a volume of 6.2 ml (1.5 mmol) was added thereto dropwise. The.mixture was stirred at

room temperaturefors? haurscanchivag addad drapydse i 2Q mlof THE ¢qnfaining 0.29 g (2.3 mmol)
15 of dimethylsilyl dichloride at -78C. The temperature was gradually increased, and the mixture was

stirted ataacmieamperatkrs fr24 Reuis:in-agive gir arent, salytion. sThe solution was concentrated
under reduced pressure, and insolubles were removed by filr*:?atiolyl. The f%%at%%gsé \?\\ll\{_é%ﬁlgd 20 with

hexane, ahe thechgxanenvas distillechawayfrosn thefiltrate undel red, C%%rggsuﬁr&f Dimethylsilyl
ml O

dichloride was removed by distillation under reduced pressure. Thereafter, 10 THF was added,

and the mix¢éureaaisicanied -t/ 8 A 2. M dHFisplytionof sodiunicyglopentadiene in a volume of 4.7
ml (9.4
[0220]

The components may be brougﬁt into contact in any order,

15 Dbut are preferably cbntacted in exemplary_orders as described
below. |

¥xv) The component (8) is.mixed and contacted with the
component (C). The contact mixture is brought into contact
with the component (A) and then with the component (B).

20 xvi) The component (S) is mixed and contacted with the
component (C). The contact mixture is brought into contact
with the component (B) and then with the component (A).

xvii) The éomponent (S) is mixed and contacted with the

component (C). The contact mixture is brought into contact



180 mmol) was gradually added dropwise. The mixture was stirred at room temperature for 24 hours,
and water was added at OC to terminate the reaction. The organic layer was extracted with hexane ,
was dried over magnesium sulfa e, and was filtered. 5 The filtrate was concentrated under reduced
pressure. The concentrate was purified by silica g# column chromatography (solvent:
hexane/triethylamine =98/2 (v/v)) to give 1.5 g of [3-(4,4,4-trifluorobuty1)]
(cyclopentadienyl)chlorodimethylsilane. The compound was 10 identified by GC-MS. GC-MS: 298
(MS). (Steptd) synthestseftdinnbtylsilylene {3:¢4,4rtrifluerobaty)syclepantédienyl]
(cyclopentadienyl)zirconium dichloride (A5) The [3-(4,4,4-trifluorobuty1)] 15
(cyclopentadienytiehiar pdirhethydsilana dm an(@holat 0i 8469 g(Z ommawad dissdivechi|m 30 ml of
diethyl ether, and the solution was cooled to -78C. A 1.57 M hexane solution of n-butyllithium in a
volume af&p o4t 8 fBmol) was added sheretni cropweset §hb tempktatirecwasgradaalty increased,
and the 20 mixture was stirred at room temperature for 24 hours. The mixture was concentrated under
reduced piegsutéeancdtihp oanentrate easiwasized with 16 mief hexapertkmee tifges. The resultant
white solid was suspended in 60 ml of hexane. To the suspension, 410 mg (1.8 mmol) of zirconium
tetrechloride was it81 gddedatnZ8f=The {8 pesatuce was gesd vallyhintieasedpguthietmixture was
stirred at room temperature for 24 hours. The mixture was then filtered and washed with hexane to
remove ifsolublah d hediltrate tvasceahoentrate doundey ineduicedcd pressardtoagivé 30meg of
dimethylsilylene [3-(4,4,4-trifluorobutyl)cyc].opentadienyl] (cyclopentadienyl)zirconium dichloride (A5).
The componpdnastidéatifieccinedHNME ahe FEpItEfe394] (1 1dnaNMI2e(CRELSiFmsed on TMS):
7.2-5.5 (m, 71), 2.6 (m, 2H), 2.3-1.8 (m, 4H), 1.4-0.6 ppm (m, 6H); FD-MS: 458 (MS) [Synthetic
Example @)[Synthesis of dimethylsilylene (3-butyl-2,4,5-trimethylcyclopentadienyl) 15 . '
(cyclopentadienyl)zirconium dichloride (A6)1 (Step 1) synthesis of _
2-butyl-1,3,4-trimethyityelopepadiene (S) Te aeactr 260y of paliyehosponicadid Was added. At
40C, 50.7 g of sec-butyl methacrylate was added dropwise with stirring. The mixture was stirred for 1
houn Thetempenatars: 20masiincréased ¢m8bE, antaheanirare was btikd atahp terepearature for 1
minute and was thereafter cooled. The reaction liquid was slowly rendered alkaline by addition of an
aqueous &odjurh hydroxidensdlgor dipoeantion( Bjuid ndstExtractatbwitiehexd@d and diethyl ether.
The organic layer was 182 dried over sodium sulfate, was concentrated under reduced pressure, and
was purified by distillatidhendempethueet pféssure. TomBtd g i, bithimatey|cysigmenetenone thus
obtained, 75 ml of diethyl ether was added, followed by cooling to -78C. A 0.84 M THE solution of
n-butylmaégnesiufinehlopde aca volomdaot7 2 ml asvahledihéete dropwise vvéaha padod
of25minutes. The temperature was gradually increased to room temperature, and the mixture was
stirred for @drhwmues: tTHérbadted, alssmuriitd dggesusahmdnta chibide SbRitiompasents

15 (A} and (B).

xxii) The component (S) is mixed and contacted with the
component (C). The contact mixture is brought intc contact
with a contact mixture of the components (A}, (B) and (C).

xx111) The component (S) is mixed and contacted with the

20 component (C). The contact mixture is brought into contact
with a contact mixture of the components (A} and (C) and then

with the component (B).
xxiv) The component (S) is mixed and contacted with the

component (C). The contact mixture is brought into contact



10 added dropwiseat-10C. The mixture was stirred for 10 minutes, and a 20% aqueous sulfuric acid
solution was added. The organic layer was extracted with diethyl ether, was washed with a saturated
agueous sodium hydrogen carbonate solution, and was concentrated under reduced pressure. The
concentrate was 15 purified by distillation under réduced pressure and silica gel column
chromatography (solvent: hexane) to give 5.2 g of 2-butyl-1,3,4-trimethylcyclopentadiene. The
compound was identified by GC-MS. GC-MS: 164 (MS). (Step 2) synthesis of

20(3-buty¥ 2 Saisimsthyisycionentadieny) ruclopraAisHAd Sy lsjang, THE jng volume of 100
ml was added to 1.6 g (12.9 mmol) of the 2) ty1-1,3,4-trimethylcyc opentadier?e,%rrl% th8%Hixture was
cooled to 9C: A thé Mbeyaneselutian of 183 n-butyllithium in a volume of 8.6 ml (13.5 mmol) was
added thereto dropwise. The mixture was stirred at room temperature for 2 hours. At -78C, 50 ml of

THF containing 2,06:(15thaneok gt disetnyls) dichlegide wasadied ropuise. The 5 temperature
or

was gradually increased, and the mixture was stirred at room temperature SCﬁf)ﬂEr%I?(?ﬁR/e a

transparefit$alutivhe The sekiien W@emga@gdﬁm reduced Cpég‘%saucrﬁ %thg]et(i_(ljncentrate was

filtered to remove insolubles. The filtrate was washed with hexane, and the hexané was 90 distilled

awaysfron ¢ Gitradte: under, ra,dlu@gdﬂ@@fmgecQﬁgg@quﬂx%@grig%mglseremoved by distillation
t

under reduced pressure. Thereafter, 100 ml of THF was added, and the mixtire was cobi&d to -78C. A

2 M THF saltiana eofliumeyaiopeniadienidaianvelymesia o4 0mghwas dradually 15 added

drop wise. The mixture was stirred at room temperature for 24 hours, an er Was added at OC to
terminatesthé réagtion. The organic layer was extracted with hexane, was washed with a saturated
aqueous sodium chloride solution, was dried over magnesium sulfate, and was filtered. The filtrate 20

was concentratestxngler regceshiyesse. (e GoNceRlaleway pMiQEd silci:%a gl CéZ)MCmn
chromatography (solvent: hexane/triethylamine = 98/2 (v/v)) to give 4.6 g ( 8.1 cg\?op .

(3-butyl-2(8 b:triretay ey elopentagienyl) 4eyclapentadi R}gl)di%wyé%lggg. '{h% zcif pt(:)ﬁnd was 184
identified by GC-MS. GC-MS: 286 (MS) . (Step 3) synthesis of dime y silylene  (3-buty %5

4, Siethylcystapersadienyl) (cyelepew aglienyzisgenium dichloride (A6) ., The %'33%2""5'”‘”’6
hylcyclopentadienyl) (cyclopentadienyl)dimethylsilane in an amount of 0.53 g a mmpl)y Wwas

dissolved ) 5amal of ciethylether ans thersoltionwas cegled f0 £78C, A1.57 M hexane solution of
n-butyllithium in a volume of 0.76 ml (1.7 mmol) was added thereto dropvc\nlﬂé%?ESDrrkhgé tgi perature was

graduallyméreased, and the mixture was stirred at room temperature for 24 hours and was
concentrated under reduced pressure. The concentrate was washed with 6 ml of hexane three times.

The resultant sokokwias)suspensieddbbénnl pshexang«#e dhe suspgnsion,,40Q orpn% (1.7 mmol) of 15

zirconium tetrachloride was added at -78C. The temperature was gradually increa eg,eaz}']% the mixture

was stirré@ Jat roGietempetatute for @dhauirs sThe-mixduse V’.!’;%%g‘e@ofﬂt@&%% agq c}%@s{;ﬁ% with hexane
ed

to remove salts. The residue was dissolved in diethyl ether, and pentane was a ereto with

stifring 20cmrsause Yradiah presipitaiianc dhe precipitaie wasyyashed Jdtpenigng, ?Rfi the solid was
dried by concentration under reduced pressure to give 30 mg of dimethylsnylene%-buty -2,4,5-tri

ethylcyclopentadienyd)) (cyc opentadienyi)zirconium dichloride (A6). The compound 185

xxviii) A mixture of the compenents (A) and {(C) and a
mixture of the components (B) and (C} are mixed together. The
mixture is then brought into contact with a contact product

20 of the components (S} and (C).

XxiX) Amixture of the components (A) and (C) and a mixture
of the components (B} and (C) are mixed together. The mixture
is then brought into contact with a contact product obtained

by contacting the component (8) and the component (C) and



was identified by 1H-NME and FD-MS. [0395] 1H-NMP. (CDC13, based on TMS): 6.9 (s, 2H), 5.6 (s,
214), 5.6 (214), 2.4-2.2 (m, 214), 2.0-1.8 (m, 9H), 1.5-1.2 (m, 414), 50.9-0.7 (m, 914); FD-MS: 444
(MS) [Synthetic Example 7] [Synthesis of dibutylsilylene(3-n-butylcyclopentadienyl)
(cyclopentadienyl)zirconium dichloride (A7)] (Stef#8) synthesis of dibutylchloro(cyclopentadienyl)silane
10THP in a volume of 100 ml was added to 100 ml (200 mmol) of a 2 M THF solution of sodium
cyclopentadienide. The mixture was cooled to -78C, and 100 ml of THF was added thereto. Further,
21.3 g (I8onawt)ioigibhty|diciiorbskarte was geaduaiyedded drspwisé NEhe ARRORewEs stirred at
room 15 temperature for 24 hours and was concentrated under reduced pressure, and unreacted
materials(@ere distilled away. The residue was used in the next step without further purification. [0396]
(Step 2) synthesis of dibutylsilyl 20 (3-n-butylcyclopentadienyl)(cyclopentadienyl) The
n-butylcyclopentédEnesinzhvaraddimof 63 §HE1 SomalanasdisSolved t ¥2@ ¢ ofiFelF, and the
solution was cooled to OC. A 1.58M hexane solution of n-butyllithium in a volume of 32.8 ml (51.5
mmol) waswapidedntieret€ Hropwisesovdra pened ors6ibf $@ nemiteST PRe Rkt @RAFAEStirred at room
temperature for 2 hours and was cooled to -78C. Dibutylchloro(cyclopentadienyl)silane in an amount of
20.3g (9552 nirask diszotedtin 00WSsITHE Was gradusyerRlels dropWide. PRélmikiure was
stirred at room temperature for 8 hours and at 45C for 8 hours. The mixture was then cooled to 0C,
and waterwds addetlis reamthaveine reuctibneThe addctioraiitfliEveas XUABRASVEN Bityl acetate.
The organic layer was washed with a saturated aqueous sodium carbonate 10 solution and then with a
saturate@sdlinesdlutionr,avathte Poveranagaesium sulfate, and was filtered. The filtrate was
concentrated under reduced pressure. The concentrated liquid was purified by neutral silica gel
column ch®@daiography (solvent: hexane/triethylamine = 98/2 (v/v)) to give 1.42 g 15 of
dibutylsily1(3-n-butylcyclopentadienyl) (cyclopentadienyl) (yield: 8%). The compound was identified by
1H-NMR and GGMShfp3eRmp 1 ar HOMMRRED E2 SUBAStRFoR TMS L e oy H)t8a -2.3 20(m
2H), 1.9-0.9 (m, 25H); GC-MS: 328 (MS) (Step 3) synthesis of dibutylsilylene
(3--'thutﬁ@&ﬂbpﬁ@ﬁthdf@mﬂ)‘(cy@@b’éﬁl%ﬁ|@|@ﬂ)¢ﬁf‘é§hﬂlﬁ1t6@rﬁcﬂwt‘ﬁhés ) and (C),

dibutylsily1(3-n-butylcyclopentadienyl)
the step (P2) which includes contacting the components (8S) and

(), the step (P3) which includes contacting the components
{8) and (B), and the step which includes contacting the
components (8), (&) énd (B) may be performed in the presence

15 of at ieast one cdmpon@nt (@) selected from polyalkylene oxide
blocks (g-l); higher aliphatic amides (g-2), polyalkylene
oxides (g-3), polyalkylene oxide alkyl ethers (g-4), alkyl
diethanol amines (g-5) and polyoxyalkylene alkylamines (g-6).
The presence of the components (G) inhibits the fouling during

20 the polymerization and improves particle properties of the
obtainable polymers. Of the components (G}, (g-1), (g-2),
(g-3) and {(g-4) are preferable, and (g-1) and (g-2) are
particularly preferable.

[0222]



187 (cyclopentadienyl) in an amount of 1.4 g (4.3 mmol) was dissolved in 50 ml of diethyl ether, and
the solution was cooled to -78C. A 1.58 M hexane solution of n-butyllithium in a volume of 5.6 ml (8.8
mmol) was added thereto dropwise. The 5 temperature was gradually increased, and the mixture was
stirred at room temperature for 24 hours and was%bncentrated under reduced pressure. The
concentrate was washed with hexane and was filtered. The solid obtained was suspended in 80 ml of
hexane. To the suspension, 0.95 g (4.1 mmol) of zirconium 10 tetrachloride was added at -78C. The

temperature was Utaslsallyisataasek @i the apdwsasvas stited at-ioom jemperajure {fosrt24 hours.
The mixture was then filtered and washed with hexane to remove salts. The filtrate was‘concentrated

under reducegbprasstire imgivades? Prefdb dipubrisiylanst3-gaundsyclopentadienyl) . 4
(cyclopentadienyl)zirconium dichloride (A7) (yield: 57%). The compound was identi |e5'%y11H-NMR

and FD-MS§L{9388]ic hydrocarbdisNMRICRES13-basaon E{Y@hé-o-%éﬁaﬁ% 2.7 (m, 202H),
1.8-0.9 (m, 25H); FD-MS: 486 (MS) [Synthetic Example 8] [Synthesis of (pentyl)(met yl)silylene

(3-n-butylbyotepentatienyteyclopentadienyhzireanium gichleride-(A8)k 1§Qé§£eigl,t1a)’_synthesis of

chloro (chloromethyl ) (3-n-butylcy o entad e 1) (methyl) silane - TESS in a volume of 100 ml was

added to 8 yi@@ahin hetirbubteysiopenizaiens, age themitureavas £09lsd 0 s78C, A 1.65 5M

hexane solution of n-butyllithium in a volume of 29.6 ml (48.8 mmol) was added thereto élrop se. The

mixture was tstiprbchat Toprrieamperatsiesion 2 hours apd wasaoledsagain 1¢ -18G, Righloro
(chloromethyl) (methyl) s anean amount of 8.0 g (49 m 01 ) dissolved in SO ml of THE' was added

dropwise t Jhesnixtaredvag Séifred Haal soemdeenergire QLo SANLWAS Giee g%ged under
st

reduced pressure. Hexane was added, and the mixture was filtered. The filtrate was distilled under

reduced piledsurade giva Bl ofitasget %@%%M@M%&%PUMW%QMQQS%% (methyl)
silane [0399] 15Step 2) synthesis of (pentyl) (methyl) s lyiene (3-n-butylcyclopentadienyi) (cyclopenta
enyl) zircohiese dighlede ABnEHF in a volume of 100 ml was added to chloro (c oromethyl)
(3-n-butylcyclopentadienyi) (methyl) si ane,

10  [0223]

When the component (C) and the component (S} are brought

into contact _together, the reaction site in the component (C)

and the reaction site in the component (S) react with each other

to form a chemical bond, resulting in a contact product between

15 the component (C) and the component (S). The time of contact

of the component (C) and the component (S) is usually in the

range of 0 to 20 hours, aﬁd preferably 0 to 10 hours. The contact
temperéture is usually in the range of -50 to 200°C, an&

preferably -20 to 120°C. If the initial contact between the

20 components (C) and {S) takes place precipitously, the reaction

heat or reaction energy breaks the component (8) to cause a
deteriorated morphology of the obtainable solid catalyst

‘component. The use of such component in polymerization will

result in difficult continuous operation dué to bad morphology



20 and the mixture was cooled to -78C. A 2 M THF solution of sodium cyclopentadien de in a volume
of 6.9 ml (13.8 mmol) was added thereto dropwi se . The mixture was stirred at room temperature for
24 hours and was cooled to 0C. Water was added to terminate 189 the reaction. The reaction liquid
was extracted with hexane. The organic layer wasi8xtracted with a saturated aqueous sodium
hydrogen carbonate solution and then with a saturated saline solution, was dried over magnesium
sulfate, and was purified 5 by silica gel column chromatography (solvent: hexane/triethylamine = 98/2
(V/Vv)). Thefreshbaptdigane:in arrameunt bl . brgl (524 nomol) s dissaized aos® ol efhdrethyl ether,
and the solution was cooled to -78C. A 1.58 M hexane solution of n-butyllithium in a volume of 7.12 ml
(8.8 mmair 10 avas addeditherete ikopite. Pee fomperdtee wasliverdaseg graduatig. Tife mixture
was stirred at room temperature for 24 hours, was concentrated under reduced pressure, was washed
with hexare and \sas filtereda¥he dolichebaneeraas suspehdedan 60| dfdrixanelo the
suspension, 0.88 g (5.2 mmol) of 15 zirconium tetrachloride was added at -78C. The temperature was
graduallyaincreasedp ard ¢re-sixtemdndsstined dt reomemaipbratutes fara2dricadsoThe afixture was
then filtered and washed with hexane to remove salts. The filtrate was concentrated under reduced
pressurezogive=0 dbig-bf 2@(pentyd) (methyb) sihtenet3 thbutydcytlbpéntadiersg {cyclopentadienyl)
zirconium dichloride (A8) (yield: 6%). The compound was identified by 1H-NMR and FD-MS. [0400]
1H-NMRY{EREYS; hased winiT Sy:ch0:6:8 {rhp2H), 1625 (ea A90otH 1 6:0-5.7 Thesi), 5.5 (s, 1H), 2.6
(m, 2H), 1.6-0.6 (m, 21H); FD-MS: 458 (MS) [Synthetic Example 9] [Synthesis of
(chloromptyDémethy|)silipedéntef3:s- Rt woysopértadiery b oy cldpentatiendeitpemiemtdichloride
(A9)] (Step 1) synthesis of (chloromethyl)(methyl)silylene (3-n-butylcyclopentadienyl)

~ (cycloperttabienyd) Zifdorau® diohterives@ 9)oteBheButpidy tibpentritayt) (siodasdthyd
(cyclopentadienyl) (methyl) silane in an amount of 1.3 g (4.7 mmol) was dissolved in 60 ml of diethyl
ether, anditbe sohitivaavasicodléd ta 8 C:FnpoBEMM héRane sBhgionwfarbutgtitdurdin a volume of
5.7 ml (9.3 mmol) was added thereto-dropwise. 15 The temperature was gradually increased, and the
migitire wasistircadi agl @@ forc®hpuseardswd$ coreshtreied uidermednead pressure. The concentrate
was suspended in 60 ml of hexane. To the suspension, 0.97 g (4.2 mmol) of zirconium tetrachloride
was adddd hy <8tk Shenteniferatura wassgsadiedly ddcarsedp2d ahd tve mikiseehiadistitred at room
temperature for 24 hours. The mixture was then filtered and washed with hexane to remove insolubles.
The filtrathwascbareng aten, utidier baluged préssaBCKHRINgaS feSheriednatndiathyl éfker and

n-pentane. The supernatant was removed, and the residue was washed with
and (B) that can be contacted with the contact product,

resulting.in improved activity of the sclid catalyst component.
15 [0224]
The molar ratio of the component (.C) to the component (S)
[= molar amount of component (C)/molar amount of component (S)]
is preferably in the range of 0.2 to 2.0, and particularly
preférably 0.4 to 2.0.
20 [0225]
The contact of the contact product of the components (C)
and (8) with the component (A) and the component (B) is usually
carried out for 0 to 5 hours, preferably 0 tol 2 hours, and at

-50 to 200°C, preferably -50 to 100°C. The contact amounts of



191 n-pentane. The solid obtained was concentrated to give 200 mg of (chloromethyl) (methyl) silylene
(3 - n -butyl cyclopentadienyl ) ( cyclopentadienyl ) zirconium dichloride (A9) (yield: 4.8%). The
compound was identified by 5 311-NMR and FD-MS. [0401] 1H-NME (CDC13, based on
TMS): 7.1-5.5 (m, 7H), 3.4 (d, 2H), 2.6 (m, 2H), 116311.2 (m, 4H), 0.9-0.7 (m, 6H), 1.6-0.6 (m, 21H);
FD-MS: 436 (MS) 10[Synthetic Example 10] [Synthesis of dimethylmethylene
(3-n-butylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride (A10)] (Step 1) synthesis of
dimethylntdthylensptB(@at-butidcy capkntadieayk(cyelopentadimydndentd, SR imehaxygthane in a
volume of 100 ml was added to 5 g (40.9 mmol) of n-butylcyclopentadiene, and the mixture was
cooled to @G Rotassionriiydivxidepanantountof 2.8 (S0emerelpwas addedskipsiesiperature was
gradually increased, and 20 the mixture was stirred under ref lux for 1 hour. At 0C, 4.34 g (41 mmol) of
6,6-dimetliylfilvend ivascadgeoh andthe meixtire dvas stimedinde s teflux-ine 8 hauesmbhageaction
liquid was cooled to OC, and the reaction was terminated by adding 1 N-hydrochloric acid. The organic
layer wasmatraeted( with ) YU hefandandargsowasited with ja satusatedwasp epus sedivmbhydrogen
carbonate solution and a saturated saline solution. The reaction product was purified by silica gel
column chehadtogiaphy (SBlveit: tidvearnestiptmaaringss 98 (WH) T-torgive Sid-g (4 nmol) of
dimethylmethylene (3-n-butylcyclopentadienyl) (cyclopentadienyl). The compound was identified by
11.1-NMR end1GC-MS1 {0402 range of 0.021HNMR (CDEA 3, hadesh@t EMB)16.605.55m, 7H),
3.0-2.7 10(d, 211), 2.6-2.4 (m, 211), 1.6-0.9 (m, 13H); GC-MS: 228 (MS) (Step 2) synthesis of
dimethylrhetAered 03 -ntbutitey clepentatiicing) (eyciapeatadidnyl} yiyconisn cigiladds: (A10) The
ligand in an amount of 1.3 g (4.66 mmol) was dissolved 15 in 60 ml of diethyl ether, and the solution
was cooléd o VESE Arl eBdntBukistiutiba tn ahmlmokaof 5:Z 1l 9[3 evaoly wascarldeg:thereto
dropwise. The temperature was gradually increased, and the mixture was stirred at 10C for 3 hours
and was gdmeeitnaredtietsr rédutée presspredine coneentrate wag 20 sespendeashia £0-ml of
hexane. To the suspension, 0.97 g (4.2 mmol) of zirconium tetrachloride was added at -78C. The
tenigeratortwas radiall{Mhcisasgek andithemerturd Masastitrachat eampiereperatwe fog 24 hours.
The mixture was then filtered and washed with hexane to remove insolubles. The 193 '
generally in the range of 10 to 500,000, and preferably 20 to

100,000. 1In the case of the compeonent {(c-3), the components
are used in amounts such that the molar ratio E(c—;B) /M1 of the
compqnent {(¢-3) to all the transition metal atoms (M) in the
15 component (A) and the component (B) is generally in the range
of 1 to 10, and preferably 1 to 5. The ratio of the component
(C) to all the transition metal atoms (M) in the component (A)
and the component (B) may be determined by inductively coupled
plasma (ICP) optical emission spéctrometry. _ |
20 [0226]
The guantitative ratio of the component (&) and the
component (B) may be determined appropriately depending on the
desired molecular weight and molecular weight distribution of

the polyolefin. In a preferred embodiment, the ratio of a



filtrate was concentrated under reduced pressure and was washed with diethyl ether and n-pentane.
The supernatant was removed, and the residue was washed with pentane. The insoluble portion
obtained was concentrated to give 200 mg of 5 dimethylmethylene(3-n-butylcyclopentadienyl)
(cyclopentadienyl)zirconium dichloride (A10) (yield24.8%). The compound was identified by 1H-NMR
and FD-MS. [0403] - 1H-NMR (CDC13, based on TMS): 7.1-5.5 (m, 7H), 3.4 (d, 102H), 2.6
(m, 2H), 1.6-1.2 (m, 4H), 0.9-0.7 (m, 6H), 1.6-0.6 (m, 21H); FD-MS: 436 (MS) [Example L-1]
Polymerigatiannr56F purglads vgssti ¢harougblygurgedhwith miregemoignds chprgedavith 400 mL
of pur fied toluene, and ethylene was passed through the vessel to saturate the liquid phase and the
‘gas phaseoithh ethytenes Unger thessineara Of piflyere; thef tem@erdturg wastiporeased to 75C and
methylaluminoxane (1.0 mmol in terms of Al) was added. Further, a toluene solution 20 of the
metallocare ¢ampannddAR Q008 mibdirdteirhs afdnpwasadder), Pdlynerizatonavagsperformed
while supplying ethylene at 100 L/hr at 75C for 10 minutes. The polymer obtained was deashed with
hydrochleric acigénethanss dad wassdrachbigesvatsiont tor 49/sqursid giford 2cilg efiagn ethylene
194 homopolymer. Results of analysis of the polymer are set forth in Table 1. [0404] [Examples L-2 to
L-10j 5The preceshties aioxample (91 Agere Hxpeated, ekcepisthat #feemetdllecehe tompeund (Al)
used in Example L-1 was replaced by the metallocene compounds (A2 to A10) in varied amounts.
Results eimatytsisodt the paherer sobfanéddn Exanipestlo@poneb® araisetiferthamr Feakle 1 together
with the results of 10 Example L-1. [0405] [Example L-11] Preparation of solid component (5) In a260
L reactorregtapped witle acstirmeeribhkg R siligd 16 s(Sid2:avecagenpartickndiamelerré@gm) that had
been dried at 250C for 10 hours was suspended in 90.5 L of toluene in a nitrogen atmosphere. The
suspensignavas-cantedtoc@ tmb Cr dntohmmerso|utm mefmeethgiimensem@y@. G mmdlAnL in terms of Al
atom) in a volume of 45.5 L was added dropwise to the 20 suspension over a period of 30 minutes.
During thecdrmepwiseradelitidmpitle tdmperatureniciessyst@mewas haintagietcatdftotdE@ After the
dropwise addition, the reaction was continuously performed at 0 to 5C for 30 minutes. Thereafter, the
temperatacenpyas ércreasky @neb (8 1 A0Ctimrabowifl Hheoursnkd% ion metal compound

is not limited as long as the above ratio of polymer amounts
ig satisfied. The ratio may be seleéted appfoériateiy
depending on the ratio of activities exhibited by each of the
solid catalyst components obtained by b:inging the contact

15 product of the components (s) and (C) into contact.with the
component (A} or the component (B). The proportions of
polymers afforded by the components (A) and (B) may be
determined based on the peak separation as will be described
later.

20 [0227]

Olefin polymerization processes using olefin polymerization

catalysts {(a} ox olefin polymerization catalysts (b)

The solid catalyst components as described hereinabove

may be used directly to catalyze {(co)polymerization of olefins.



and the reaction was conducted at 95 to 100C for 4 hours. The temperature was then lowered to
ambient, and the supernatant was removed by decantation. The solid component thus obtained was
washed with toluene two times, and toluene was added thereto to a total volume of 129 L, thereby
preparing a toluene slurry of the solid componenti(3). A portion of the solid component was sampled
and the concentrations were determined, resulting in a slurry concentration of 96.5 g/L and an Al
concentration of 0.489 mol/L. 10[0406] Preparation of solid catalyst component (X-1) A 200 mL

glass flask pregeth with&yogem Waissahaiord wille 50vab ©f {aldens; &adthedolugne slurry of the solid

component (S) (1.0 g in terms of the solid component) was added thereto. 15 Further, 12.7 mL of a

toluene selutian péthe-dwialiocare cempovad {AD£Q002 el mLdn $@1Mw0k2ratpyy was added
dropwise. Reaction was performed at room temperature for 1 hour. The supernatant was removed by

decantatieampbg: egsidue was washed with heptane two times and was slurried into 20 100 mL of a
heptane slurry (solid catalyst component X-1). A portion of the heptane slurry of the solid catalyst
component@e4) was sampled and the concentrations were determined, resulting in a Zr concentration
of 0.023 mg/mL and an Al concentration of 1.3 mg/mL. 196 [0407] Polymerization A1lL SUS

autoglave thoroughly peirgebnithaitiogen Was chargedviss0Q Q,frﬁ;ﬁgiega{xgpg@e , and ethylene

was passed 5 through the autoclave to saturate the liquid phase and the gas phase with ethylene.

Further, 3rebaafelihpyeng ape Dyddrnamal §f sisebutyiuminuamwese addad .and 401ag in terms of
the solid component of the solid catalyst component (X-1) was added to the autoclave. The

temperatgre1was Hnereasesktotiiy sehtl palymerizatiamwas pererped ¢k 0o 8:MBan G for 90
minutes. The polymer obtained was dried under vacuum for 10 hours to afford 24.61 g of an

ethylene/bbexenecopalymepReslitneGR6 analysimgnd properiesafdhepplysper are set forth in
Table 1. 15[0408] [Examples L-12 to L-20] Preparation of solid catalyst components (X-2 to X-10)

Solid catgystimasapenanis X-240peE Bhwsre peapaéed insthe Saoe: NanoeLas fydhe selid catalyst
component (X-1) in 20 Example L-11, except that the metallocene compound (Al) was replaced by the

metajlocene eampaurds iecAtYs D409k Rebmerization Ralmerigation washerferpad in the
same manner as in 197 Example L-11, except that the solid catalyst component (X-1) was replaced

by the sofid catalysiconpenesis-e-2ieXn3Q) witk vatied aswupis-efdhe sglig catalyst.Results of
GPC analysis and properties of the polymers are set forth in Table 51. [0410]
In a preferred embodiment of the prepolymerization, the
prepolymerized solid caﬁalyst component is formed in an amount
of 0.01 to 1000 g, preferably 0.1 to B0O g, and more preferably
15 0.2 to 500 g per 1 g of the solid catalyst component.
[0229]
In an embodiment, the prepolymerized solid catalyst
component formed in the inert hydrocarbon solvent may be
| separated from the suspension and resuspended in an inert
20 hydrocarbon solvent, | and an olefin may be fed to the suspension
obtained or may be fed after the suspension is dried.
[0230]

The prepolymerization temperature may be in the range of

-20 to 80°C, preferably 0 to 60°C, and the prepolymerization



[Example L-213 Polymerization A 2 L SUS autoclave thoroughly purged with nitrogen was 10 charged
with 250 g of NaC1, and the content was dried under vacuum at 100C for 90 minutes. Subsequently,
the pressure inside the autoclave was returned t&tbrmal pressure by supplying 1-butene/ethylene
mixture gas (1-butene concentration: 4 vol ) , and the inside temperature was adjusted 15 at 75C.
Under a stream of the mixture gas, 0.75 mmol of triisobutylaluminum was added, and 25 mg in terms
of the solid component of the solid catalyst component %-2) was added to the autoclave.
Polymerizafién Wag petformed at®. 7 MPa.E and 80C ot Joiintites® ThE Préduct wasWdshed with
sufficient 20 amounts of water to remove NaCl completely. The polymer was dried under vacuum for
10 hours'to &fford 3654 6f an BifyIsnefl bite e ESpolyméEF Re $ultsof GPG ahalysis and foperties of
the polymer are set forth in Table 2. [0411] 198 [Example L-22] Polymerization Polymerization
was perfortidd inthetsartie tanner asin'Example L1 excape that the  solid catalgst component (X-2)
was replaced by the solid catalyst component (X-3) with a varied amount of the solid catalyst. Results
of GPC &rfalysiss grid- propertiedssof the poly/hterare et forth i Tabler2. {6412] {Exanple L-23] 10
Polymerization Polymerization was performed in the same manner as in Example L-21, except
thatthe solidicatalystcontponent (Xs2)was replaceddsysthe solid eatalystcemponent (X-4) with a
varied amount of the solid catalyst. Results of GPC analysis and 15 properties of the polymer are set
forth in Tabke32.1[0413] [Example L-24] Polymerization Polymerization was performed in the same
manner as in 20 Example L-21, except that the solid catalyst component (X-2) was replaced by the
solid catalyst compenentl(XG6 with awatiedcarmourntrof the selid-datalyst Resiits ot GPGanalysis and
properties of the polymer are set forth in Table 2. [0414] 199

be used in the prepolymerization without limitation. Where

necessary, the component (C) may be used, and in particular
10 an organcaluminum ccmpound (c~1) represented by Formula (11)

may be preferably used. When the component (C) is used, the

molar ratio of the aluminum atoms (AL1l-C) in the component (C)

to the transition metal compound, (component () /transition

metal compound), may be in the range of 0.1 to 10,000, and
15 preferakbly 0.5 to 5,000,

[Gz232]

The concentration of the solid catalyst components in the
prepclymerization system, namely, the solid catalyst
components/liter of polymerization veolume, is usually in the

29  range of 1 to 1000 g¢/L, and desirably 10 to 500 g/L. The
prepclymerization may be carried out in the presence of the
component (G} to inhibit fouling or te improve particlie
properties.

[0233]



[Comparative Example L-1] Polymerization Polymerization was performed in the same manner as in
Example L-1, except that the metallocene compound (Al) was 5 replaced by a metallocene compound
(ED. Results of GPC analysis and properties of the polymer are set forth in Table 3. The metallocene

compound (El) used in Comparative Example is ill0Strated below. El:
dimethylsilylenebis(cyclopentadienyl)zirconium 10 dichloride [0415] [0416] [Comparative Example
L-23 15 Polymerization Polymerization was performed in the same manner as in Example L-1,

except that the mm&om@g@ﬁguq@;m[}la\@sﬂr@ 3 §|7Ic0c ne compound (E2) and the
amount of the catalyst was changed. Results of GPT analysis g] prgﬁirﬁreig? 20D TRE F6Ymer are set

forth in Table8. e masaliocengreompound (B2 Hsad in Comparal| mple is illusated below.
200 E2: dimethylsilylenebis(3-n-butylcyclopentadienyl) zirconium ic or%%e[oﬂﬂlrge%r [0418]

[Comparative Examplebal] Rolymedzation tembobdpgrzationyas performed {n the same manner as

in Example L-1, except that the metallocene compound (Al) was 10 replaced by a Metatlocene

compound £ Resuls@ GREngye andPoperties ghihepolygs g setfonh iy Table 3. The
metallocene compound (E3) used in Comparative Example is illustrated below. B
dimeshylsitgenebistiterkhgtyleelepentadieny) g8.Arcopymdichiaride, e ap1y o3
" to 10 parts by weight, and more preferably 0.4 to 5 parts by
weight. |
[0234]
In order to improve fiowability of the prepolymerized
10 catalyst components or to inhibit the occurrence of heat spot,
she'eting or polymer bulk during the polymerization, the
prepolymerized catalyst components produced by the
prepolymerization may be contactéd with the component (@). 1In
this case, the compconent (G) is preferably (g-1), {g-2), (g-3)
15 or (g-4), and is particularly preferably (g-1) or (g-2).
10235]
~ The‘above mixing/contact with the component (G) is
usually cai:ried out at -50 to 50°¢, preferably -20 to 50°(C,
and for 1 to 1000 minutes, preferably 5 to 600 minutes.
20 [0236]
When the solid catalyst components are mixed and
contacted with the component (G), the cdmponent {G) is used
in an amount of 0.1 to 20 parts by weight, preferably 0.3 to

10 parts by weight, and more preferably 0.4 to 5 parts by weight



[0419] 201 tBu [0420] [Comparative Example L-4] Polymerization 5Polymerization was performed in
the same manner as in Example L-1, except that the metallocene compound (Al) was replaced by a
metallocene compound (E4) and the amount of the catalyst was changed. Results of GPC analysis
and properties of the polymer are set forth in Tabl®®3. The metallocene 10 compound (E4) used in
Comparative Example is illustrated below. E4: dimethylsilylenebis(2,4-dimethylcyclopentadienyl)
zirconium dichloride [0421] 202 \Si7Cl Zr\ E4 [0422] [Comparative Example L-5] Polymerization
based on 100 parts by weight of the sclid catalyst components.
[0237])
The sclid catalyst components and the componént (G} may
bendxedandcxmtactedtogetherj11aninerthyérocarbonsolvént.
5 Examples of the inert hydrocarbon solvents are as described
hereinabove.
[0238}.
The prepolymerized catalyst components may be dried to
afford dried prepolymerized catalyst components, Which‘may be
10 used as an olefin polymerization catalyst in the invention.
The prépolymerized catalyst component is usually aried after
the prepolymerized catalyst cbmponent is separated from the
hydrocarbon dispersion medium by, for example, filtering the
suspension.
15 [0239]
The prepolymerized catalyst components may be dried under
a stream of an inert gas at a temperature of not more than 70°C,
" and preferably in the range of 20 to 50°C. The dried
prepolymerized catalyst component preferably has a volatile
20 component content of not mofe than 2.0 wt%, and preferably not
more than 1.0 wt%. A lower volatile component content in the
dried prepolymerized catalyst component is more preferable.

The lower limit thereof is not particularly limited, but is

practically‘0.001 wt%. The drying time depends on the drying



5Polymerization was performed in the same manner as in Example L-1 except that the metallocene
compound (Al) was replaced by a metallocene compound (ES). Results of GPC analysis and
properties of the polymer are set forth in Table 3. The metallocene compound (Es) used in
Comparative Example 10 is illustrated below. E51@imethylsilylenebis
(2,3,5-trimethylcyclopentadienyl)zirconium dichloride [0423] [0424] [Comparative Example L-6]
Preparation of solid catalyst component (EX-1) 5A solid catalyst component (EX-1) was prepared in

the same suagnerae (oeihe:salisalalys compont (oihis Pramaled-1L cont et e

metallocene compound (Al) was replaced by the metallocene ‘compound 1 Igglymerization
Polymerizatiga.ywas performed in the same manner as in Example L-11, except that the solid catalyst
component (X-1) was replaced by the solid catalyst component (EX-1) with a varied amount of the
solid catalyst.Fgsults of GPC analysis 15 and properties of the polymer are set forth in Table 3. [0426]
[Comparative Examples L-7 to L-12] Preparation of solid catalyst components (EX-2 to EX-7) 204

Solid catalyst componas (feX 21X T sse Lrepated inthe sﬁ{n%lj;réag{]er 2 for the solid catalyst

component (X-1) in Example L-11, except that the metallocene compoun (ﬂ) was replaced by the

metajocenecsompauns/Ed ledd: The Smietliocare compoynds (FO.And E%?%dﬁg‘ﬁ) omparative

Examples are illustrated below. E6: bis(cyclopentadienyl)zirconium dichloridé [ 28] E7:

bis(n-butyexsienetadiendizicconiyp MicRigrde nent shows lower flowability and
may not be supplied stably to a polymerization reactor. The
angle of repose of the dried prepoiymerizec“i catalyst component
is not more than 50°, preferably in the range of 5 to 47°, and

10 more preferably 10 to 45°. If the angle of repose of the dried
prepolymerized catalyst component is in excess of 50°, the
flowability of the dried prepolymerized catalyst component is
low and the component may not be supplied stably to a
polymerization reactor.

15 [0241]

The volatile component.COntent in the dried
prepolymerized catalyst component may be determined by a weight
loss method or gas chromatography.

[0242]

20 In a weight loss method, the dried prepoiymerized
catalyst component is heated at 110°C for 1 hour in an inert
gas atmosphere and the resultant weight loss is obtained in
percentage relative to the weight of the dried prepolymerized

catalyst component before the heating.



[0429] [0430] 15 Polymerization 205 Polymerization was performed in the same manner as in
Example L-11, except that the solid catalyst component (X-1) was replaced by the solid catalyst
components (EX-2 to EX-7) with varied amounts of the solid catalyst. Results of analysis 5 of the
polymers obtained in Comparative Examples L-71@8L-12 are set forth in Table 3 together with the
results in Comparative Example L-6. [0431] The results of Examples and Comparative Examples show
10 that the bridged metallocene compounds (the components (A)) according to the invention can
afford pofympersihaving a lower molecular weight and a larger number of terminal vinyl bonds with
higher catalytic activity than the conventional symmetric metallocene compounds. 15 (2) Olefin

polymerization precasgas Usiigoalgtingielynerzatebaatalysta (3)1 (Sypstie &xampladi 3 A
compound (B1) represented by the following formula was synthesized by a method described in
JP-A-H04598304r 80ABSh 2081 e[0d38)acted from the dried prepolymerized
catalyst component, a calibration curve is drawn accordiﬁg to
5 an internal standard method, and the volatile component content
is determined in wt% from tﬁe GC area.
[0244]
In the determination of the volatile component content
of the dried prepolymerized catalyst compOneﬁt, a weight loss
10 method is adopted when the volatile component content in the
driadp&epqumerizedcatalystcomponent.isapproximately]_wt%
or more, and a gas chromatography method is adopted when the
volatile component content in the dried prepolymerized
catalyst component is approximately 1 wt% or less.
15 [0245]

Examples of the inert gases used for the drying of the
prepolymerizedcatalystcomponentsincludenitrogengas,argon
gag and neon gas. In the inert gases, it is desirable that the
oxygen concentration is not more thén 20 ppm, preferably not

20 more than 10 ppm, more preferably not more than 5 ppm, and the
water content is not more than 20 ppm, preferably not more than
10 ppm, more preferably not more than 5 ppm. If the oxygen
concentration and the water content in the inert gas exceed

the above ranges, the olefin polymerization activity of the



[Synthetic Example 121 A compound (B2) represented by the following formula was 5
synthesized by a method described in EP351392. [0434] [0435]_[Synthet|c Example 13]_ 1OA.
compound (33) represented by the following formula was synthesized by a method described in
JP-A-2000-212194. [0436] [0437] [Synthetic Exaldple 14] A compound (34) represented by _the
following formula was synthesized by a method described in_EP955305. [0438] [04_39] [Synthetic
Example 15] 10A compound (185) represented by the following formula was synthesized by a method

describeddp JEIARZAN5-2Q001 1 440 51044 L @y&%%t&%ﬁ%gpl%%? lpe greatly
detericrated.
[0246]
The dried prepolymerized catalyst components for clefin
5 polymerization according to the invention have excellent
flowability and can be stably supplied to a peolymerization
reactor. S8Since the éoivent used to suspend the catalyst
component hés been removéd and is not allowed in a gas phase
polymerization system, the polymerization may be performed
10. stably.
[0247]

Next, processes for producing the ethylene polymers
according teo the present invention will be described. The
ethylene polymers of the invention are obtained by polymerizing

15 or copolymerizing olefins in the presence of the oiefin
polymerization catalysﬁ described hereinabove. The ethylene
polymers in the invention contain ethylene at not less than
10 mol% in the polymer.

[0248]

20 In the invention, the polymerization may be carried out
byanyofliquidphasepolymerizatnmnprocessessuchassélution
polymerization and suspension polymerization, and gas phase
polymerization processes. The polymerization catalyzed by the

olefin polymerization catalyst of the first embodiment of the



A compound (36) represented by the following formula was 5 synthesized by a method described in
JP-A-2004-168744. [0442] [0443] [Example M-1] 10 [Preparation of solid catalyst component (Y-1)]
A 200 mL glass flask purged with nitrogen was clh]a(ilged with 50 mL of toluene, and the toluene slurry
of the solid component (S) (1.0 g in terms of the solid component) prepared in Example 209 L-11 was
added thereto. Further, 7.6 mL of a toluene solution of the metallocene compound (dimethylsilylene
(cyclopentadienyl)(3-n-propylcyclopentadienyl)zirconium dichloride (A2)) (0,002 mmol/mL in terms of
Zr atom)dhees: £ 5omLL6f BRGIHERE Solition 'of HE fietaliotene tompolnd (B} {3,062 mniol/mL in
terms of Zr atom) were added dropwise as a mixture NA2)/(B1) molar ratio = 60/40). Reaction was
performeth &TB6M-termpetafire IBFATHGUR PAREr the rédtioR T6rERGT, 2FwhS hof Getetted in the
supernatant toluene. The 10 supernatant was removed by decantation . The residue was washed with
heptane &6 Hes AREWAR SRIHIEdTRBOE O & Hdptahe SR fdolid catalyeteompoRgnt Y-1). A
portion of the heptane slurry of the solid catalyst component (Y-1) was sampled and the
concentrafiorid were dateimingd e saltifg fva 2t 15 cohéeritration of 0:046 nig/RT a8 Al
concentration of 2.6 mg/mL. (0444) Polymerization A 1 L SUS autoclave thoroughly purged with
nitrdgen mas 20:chiarged ®ithtBO0TRE of purifictbiieptané cafd etfiyfehe ivas passedthfough the
autoclave to saturate the liquid phase and the gas phase with ethylene. Thereafter, 10 mL of 1-hexene
and 0.375marhel of triisobutylaluminum were added, and 20 mg in terms of the solid component of the
solid catalyst component (Y-1) was

The liquid phase polymerization process may use an inert

hydrocarbon sclvent. Examples thereof include aliphatic
hydrocarbons such as propane, butane, pentane, hexane, heptane,
10 octane, decane, dodecane and kerosine; alicyclic hydrocarbons
such as cyclopentane, cyclohexane and methylcyclopentane;
aromatic hydrocarbons such as benzene, toluene and znylene;
nalogenated hydrocarbons such as ethylene chloraide,
chlorcbenzene and dichloromethane; and mixtures of these
15 hydrocarbons. The olefin itself may be used as a solvent.
[0250]
In the polymerization of olefins with the olefin
polymerization catalyst, the component (A) and the component
(B} are each used in an amount of 107** to0 107" mol, and preferably
20 10°% to 107° mol per liter of the reaction volume. As the
component (C), an organcaluminum compound {c-1) represented
by Formula (11) may be particularly preferably used.
F02517]

In the polymerization of clefins using the solld catalyst



210 added to the autoclave. The temperature was increased to 80C, and polymerization was
performed at 0.78 MPa.G for 90 minutes. The polymer obtained was dried under vacuum for 10 hours
to afford 76.3 g of an ethylene/l-hexene copolymer. Results of 5 GPC analysis and properties of the
polymer are set forth in Table 4, and a GPC chart ig shown in Fig. [0445] [Example M-2]
Polymerization 10Polymerization was carried out in the same manner as in Example M-1, except that
~ the ethylene gas was replaced by hydrogen/ethylene mixture gas (hydrogen concentration: 0.1 volt) .

The polyroekpiiaiardsyas BecdongRevasum & 1ehpusde alford 55,001 79 ifyleng/ hoxene

copolymer. Results 15 of GPC analysis and properties of the polymer are set forth in Table 4. [0446]

[Exampledd 3} £ohmerization 208l SUs-avioslavefheroughly-puiged %’QQE@%&‘% s charged

with 250 g of NaCl, and the content was dried under vacuum at 100C for 90 minutes. Subsequently,

the presspiesinsielerhe asitoclave was cetuEiRd toormal pressyies Ry SypRlying J-hutene/ethylene

mixture gas (1-butene 211 concentration: 4 vol%) , and the inside temperature was adjusted at 75C.

Under a gjeaaeraf the mixture0as{y&55emol abllisebundalmisumwas ddgd. ang 344 mg in terms

of the solid component of the solid catalyst component (Y-1) was added to 5 the autoclave.

Polymerizationananhperfammed ahd 8 MRa- x30d 8005 90 pjnutes. Theproduct was washed with

sufficient amounts of water to remove NaCl completely. The polymer was dried under vacuum for 10

hours to gifarghésq g:0f poreiiiene/datens gapolyBer Results oL GRE analysis apd IO properties of

the polymer are set forth in Table 4. Properties measured with respect to a sample of this’polymer are

indicateddi Tablecidn044 7l [Exampla ¥1-41 LalPreparatian ot splid.catalyshgompanent (Y-2)] A

200 mL glass flask purged with nitrogen was charged with 50 mL of toluene, and the toluene slurry of
the solid sempeaent(S) {50 g tergrpef M&@I@ta@@soaﬁatépraa@rﬁgﬂEgaﬁé%l%i%kwas added
n

thereto. Further, 7.6 mL of a toluene solution 20 of the metallocene compound (dimethylsilylene
(cyclopentadienylj(@=z-butylcyclopentadienyl)zirconium dichloride (A3)) (0.002 mmol/mL in terms of Zr
atom) and 5.1 mL of a toluene solution of the metallocene compound (B1) (0.002 mmol/mL in terms of
Zr atom) nEre atded dropwise as a mixture : '

The molecular weight of the obtainable eﬁhylene polymer
may be contrélled by tﬁe presence of hydrogen in the
polymerization system or by changing the polymerization
temperature. In the polymerization, the component (G) méy be

15 used to inhibit fouling or to improve particle properties.
[0253]

For the poclymerization, one or more olefin monomers are
selected from ethylene and C3f20 clefins. In a preferred
embodiment, at least one of the monomers is ethylene or

20 propylene.. In a particularly preferred embodiment of the
olefin polymerization, ethylene is homopolymerized ox ethylene
and a C3-20 olefin are copolymerized. Examples of the C3-20
olefins include a-olefins such as propylene, 1l-butene,

l-pentene, 1l-hexene, 4wmethy1-1—pentene, l-octene, l-decene,



212 ((A3)/(B1) molar ratio - 60/40). Reaction was performed at room temperature for 1 hour. After the
reaction for 1 hour, Zr was not detected in the supernatant toluene. The supernatant was removed by
decantation. The residue was washed with heptane two times and was slurried into 50 mL of a
heptane slurry (solid catalyst component 1-2). A pagion of the heptanesiu y of the solid catalyst
component (1-2) was sampled and the concentrations were determined, resulting in a Zr concentration
of 0.034 mg/mL and an Al concentration of 2.1 10 mg/mt. [0448] Polymerization Polymerization

was carried @yl écthessame nanngs as dh ExamplesMabaxsapt, that thersolid catalystcgmponent (1-1)
15 was replaced by 15 mg of the solid catalyst component (1-2). The polymer obtained was dried

under vaguwn deisk Boursre afiprd 60.200 ekan sthylene/ kraexene sgrely@ge Results of GPO
analysis and properties of the polymer are set forth in Table 4, and a GPO chart is shown in Fig. 2.

Propertiesyragasispd 2havithrespeehiorsample-afihis polyaenyerdadieated in Table 16. [0449]
[Example M-5] Polymerization 213 Polymerization was carried-out in the same manner as in

Exampledd+r gt daaidbe stlylengi gas was replaced by hydrogen/ethylene mixture gas (hydrogen
concentration: 0.05 . The polymer obtained was dried under vacuum for 10 hours 5 to afford 55.1 g of .

an eshyleneddengne copolymer dRpeuiseiGRCamlys|siand pepesties of the polymer are set forth
in Table 4, and a GPC chart is shown in Fig. 3. Properties measured with respect to a sample of this

polymer arcigdigaieshiaptaite 16ntQ[0450k xeawle M-6hRelymersizatien st yRelymerization was
carried out in the same manner as in Example M-3, except that the solid catalyst component (1-1) 15

Was replaces by pd1ibmeefithe solidsatalyst egmpenerti(Y;2)md bapedymarohtaingd was dried
under vacuum for 10 hours to afford 41.6 g of an ethylene/l-butene copolymer. Results of GPC -

analysis aach@rdperties af, theqioiraenangyset foréh; inatable 41 ard adaBRhartds shows in Fig. 4.
Properties measured 20 with respect to a sample of this polymer are indicated in Table 13. [0451]
[Examplendt B[P repargtien of selithsatalystganpenenid¥d)l 2ddthacrylate, ethyl
10 methacrylate and methacrylic acid.
[0254]

In general, olefin polymerization catalysts increase
activity for ethylene polymers as the molecular weight of
ethylene polymers is lower or the propértion of terminal double

15 Dbonds is higher, thereby affording a large number of long-chain
branches. The component {(A) in the invention can .afford
polymers having a relatively low molecular weight and a large
number of terminal double bonds. Suchpolymers are effectively
combined together by the component (B) to give polymers having

20 a larger number of long-chain branches compared to conventional
polymers. Further, the polymerization activity of the
component (A) provides high productivity in the production of
the poly‘mers. having é iarger number of long-chain branches.

[0255]



A solid catalyst component (Y-3) was synthesized in the same manner as for the solid catalyst
component (Y-1) in Example M-1, except that the metallocene compound (A2) was replaced by the
metallocene compound (A4), and the reaction molar ratio 5 of the metallocene compound (A4) and the
metallocene compound (31) was (A4) 1(31) = 80/23 (molar ratio). After the reaction for 1 hour, Zr was
not detected in the supernatant toluene. A portion of the heptane slurry of the solid catalyst component
(Y-3) was sampled and the concentrations were determined, 10 resulting in a Zr concentration of

0.049 mg/eeinand ancAlpaneeatration ek3 o 0482} RQB’P&Q{&?QH@Q@?'VM@%@“ was carried
out in the same manner as in 15 Example M-1,"eéxcept that the s =1) was
replaced iy 30 hegf attheshifk saiatyst ComMpaReRt (sl Thejpolymer obtained was dried under
vacuum for 10 hours to afford 80.0 g of an ethylene/l-hexene copolymer. Results of GPC analysis and

properties of the paiymee eee Seiderbinaedable 4.anthe GRL shartis.shawy i Fig. 5. [0453]

[Example M-8] Polymerization Polymerization was carried out in the same manner as in 215 Example

M-7, exceps lhatdhd sthyiene gas suasseplacad by EM%@@@IEX'&H%M%%Q%]% {(ygdregen

concentration: 0.1 vol%) . The polymer obtained was dried under vacuum for 10 hours to afford 84.7 g

of ansethybenell-bexane capsiyraer. Riasyits of SR analysis and propetties, of I elgolyml%are set
forth in Table 5. [0454] [Example M-9] [Preparation of solid catalyst component (Y-4)] 18A olid

catalyst compereni(Medrwas syathesizad nthe sarae Hanngnas 3F thesqld gﬂtgl%%trgégwponent

(Y-1) in Example M-1, except that the metallocene compound (A2) was replaced by the metallocene
compoundfA6),&nd the reactomomolsrsatia-alihe neetaliecens Cfgnw’d (A6 apd the metallocene

i

compound 15(B1) was (A6)/(81) = 70/30 (molar a 0). After the reaction for 1 hour, Zr was not detected
in the superadtemttolyerse, doportion i thpheptane slurry of the solid catalyst component (Y-4) was
sampled and the concentrations were determined, resulting in a Zr concentration of 0.038 mg/mi, and
an Al 20cbtesmtfation of 2.1 mg/mL. [0455] Polymerization Polymerization was carried out in the
same manner as in Example M-1, except that the solid catalyst component (1-1)

10 The number of terminal vinyl bonds in the polymers

(macromonomers) may be determined by known methods such as

1
H-NMR, **C-NMR and FT-IR. TIn the invention, H-NMR or FT-IR

is used.
{0257]
i5 | The terminal vinyl percentage (%) is calculated from:
terminal vinyl percentage (%) = 0/14000 x Mn x 160

(wherein o is a number of vinyl terminals per 1000 methylene
carbons in the polymer main chain, Mn is a number . average
molecularweight,andeiseaweightaveragenmlecularweight).

20 When the terminal vinyl percentage is 20%, ¢ x Mn = 2800. When
polymers having a terminal vinyl percentage of less than 20%
are used as macromonomers to form long-chain branches, they
do not substantially undergo polymerization and remain

unreacted, resulting in polymers with a small number of



216 was replaced by the solid catalyst component (Y-4). The polymer obtained was dried under
vacuum for 10 hours to afford 76.0 g of an ethylene/l-hexene copolymer. Results of GPC analysis and
properties of the polymer are set forth in Table 5 5, and a GPC chart is shown in Fig. 6. [0456]
[Example M-10] Polymerization Polymerization wasg carried out in the same manner as in 10 Example
M-9, except that the ethylene gas was replaced by hydrogen/ethylene mixture gas (hydrogen
concentration: 0.1 vol%) . The polymer obtained was dried under vacuum for 10 hours to afford 80.3' g

of an ethyleng/l-hexene eapeiNmerafi@sitis-0f (GRE analygisnag prappiieses she palymer are set
forth 15 in Table 5. [0457] [Example M-11] Polymerization Polymerization was carried out in the same

manner ag i 2 ERmple M:3axcept thaidhe salid catatyst componentty -dxwasdgeplagad by the
solid catalyst component (Y-4). The polymer obtained was dried under vacuum for 10 hours to afford

51.6 g ofian ethyleneddeutere zopolymes. Resulsof GPEFanalysiy andqooperies4f tiempolymer are
set forth in Table 217 5. Properties measured with respect to a sample of this polymer are indicated in
Table 13 {Q#158} HexampleMsk2B8/ 5B reparativmaf, sodid cataiyst eerapeneift ©h8)we i ghsolid catalyst
component (Y-5) was synthesized in the same manner as for the solid catalyst component (Y-1) in
Exampleadviek £xeepbthat theareastiogmolanvatia of theentaialtoce nevearapeund (A2 dnshthe
metallocene compound (B1) was changed 10 from (A2)/(B1) =60/40 (molar ratio) to (A2)/(B1) =45/55
(molar ragie).After(the)reackion fat)l, hoer iAr was ratgeiested invtheskipernataatetudaney A portion of
the heptane slurry of the solid catalyst component (Y-5) was sampled and the concentrations were
determingdsresgltmgsn asdid more preferably 1.3 to 3. Macromonomers
satisfying these conditions have a high pfoportion of terminal
unsaturated bonds and a lower molecular weight compared to known
10 products. Thus,'they'can be copolymerized at a high rate, and
excellent melt flow properties and shaping processability are
obtained.
[0258]
Because of the large number of terminal vinyl bonds, the
15 macromonomers obtained according to the invention may be easily
modified by grafting or the 1like. In detail, the macromonomers
may be modified by an oxidation reaction, a grafting reaction
mbanene—synthesisreacthn1tofunctionalizedolefinpolymers
orolefinpolymerpolarresincompositanmterials(foréxample,
20 antistatic agents, cosmetic additives, toner release agents,
pigment dispersants, vinyl chloride resin lubricants, paints,
adhegives) .

- [0259]

General characteristics of ethylene polvyvmers afforded by




15 concentration of 0.038 mg/mL and an Al concentration of 2.1 mg/mL. [0459] Polymerization
Polymerization was carried out in the same manner as in 20 Example M-3, except that the solid
catalyst component (Y-1) was replaced by the solid catalyst component (Y-5) and the
1-butene/ethylenemixture gas (1-butene concentragon:4 vol%) was replaced by 1-butene/ethylene
mixture gas (1-butene concentration: 7 vol%). The polymer obtained was dried under 218 vacuum for
10 hours to afford 46.7 g of an ethylene/I-butene copolymer. Results of GPC analysis and properties of
j[he_ polymgﬁgie BE- 13 hle 5~CI)3rorti me eq v_vith respect to a sa_mp[e of this polymer are

- indicated W Table Rerzation Polymerization was carried out in

the same manner;3s i Fxample M-p, gxcept that the 1-butene/ethylene mixture gas 10 (1-butene
concentration: 4 yol%) was repliaul:\é§5 %glln-b%?gr}g?gtﬁ/fze%%lrﬁ}&tu?@'@%%Xﬁt-%ufé?%r@cﬁﬂ%@ntration: 7

iy lenol Buiene copCmme: A LR LPER o ST FPRRREAA & Bob R are st forh n 15
(0261) (Exermo L) Pk SP it CALRaF oo pRER L B SERCERAEBEA)st componen

crcept i he moGICEnE SOTBRUTAT o1 e TEHALRH K HE 1B SorRSUTREIBS), and e
(ADED) = 50770 rpiar Eaie) Afor hETEA AT T ROl A REGAY GERERERR the Sopematant

toluene. A pagign.ofithe _@gpﬁpet%%rré]gggh&sio%g cglé%ly%#;%g dg?%\é%l%vgﬁ sa'mpl.e(; Iand the

o] ) =

concentrations were determined, Sresulting in'a Zr conce

concentration@f;2,3 190k, @é@ékﬁ?%{@%@%&% and a large number of terminal

double bonds. Such polymers are effect ivé}.y combined together
10 by‘the cdmponent (B) to give polymers having a larger number
of long—chainrbranches compared to conventional polymers.
Fuarther, the pblymerization activity of the compenent (A)
provides high productivity in the production of the pclymers
having a larger number of long-chain branches.
15 [0260]

Ethylene polymers produced by polymerizing ethylene or
copolymerizing ethylene and a C3-20 olefin in the presence of
the olefin polymerization catalyst (b) have the following
characteristics. |

20 [0261]

Characteristics

Two or more peaks are observed in gel permeation
chromatography (GPC), and Log (Mway) at the peak top of the

maximum peak is in the range of 3.8 < Log (Mwax) € 4.6, and



Polymerization was carried out in the same manner as in 10 Example M-1, except that the solid
catalyst component (Y-1) was replaced by the solid catalyst component (Y-6). The polymer obtained
was dried under vacuum for 10 hours to afford 74.4 g of an ethylene/1-hexene copolymer. Results of
GPO analysis and properties of the polymer are sgtforth in Table 155. [0463] [Example M-15]
[Preparation of solid catalyst component (Y-7)] A solid catalyst component (Y-7) was synthesized in
the 20 same manner as for the solid catalyst component (Y-2) in Example M-4, except that the

metallocgne appgynd {34) &%%%e?!@‘%g,g) by the metajincene cempounddB3), aad the geaction molar

ratio of the metallocene compound (A3) and the metallocene compound (33) was 8&%)/(33) =70/30

(molar ratin), Afterithehesetion 2729 nd bawy Zy vasmatdgtegied inthe.superaatatdelyene. A

portion of the heptane slurry of the solid catalyst component (Y-7) was sampled and the

concentrationswere,deterpined. tesuliting i @;zcongentration of @:035 mg/mL and an Al'5

concentration of 2.2’ mg/mL. [0464] Polymerization Polymerization was carried out in the same
manner gggeyample M-1, except that the solid catalyst component (Y-1) 10 was replaced by the
solid catalyst component (Y-7). The polymer obtained was dried under vacuum for 10 hours to afford

1213 g of an ethylengl-hexane saPehFIRla Reguisal GG enalysiscandbpipperies Rhibe polymer are
set forth in Table 6. 15[0465] [Example M-16] [Preparation of solid catalyst component (Y-8)] A

solid cata)ystyompanant £¥-Blwasrsysthesizedipihe samedprannerasion thesalighcatalyst
component (Y-2) in Example 20 M-4, except that the metallocene compound (B1) was replaced by the

metalloceng.cappeund (B4 Al dhe sagtiopHenhhoyy Ziwas retrietected inthesspipernatant
toluene. A portion of the heptane slurry of the solid catalyst component (Y-8) was sampled and the
concentrptignsrwere setarmines: teling ight distribution curve is recorded.
The gel permeation chromatography conditions are as follows.
10 '{Chromatograph and conditions]
Chromatogfaph:GelpermeationchromatographAlliancaGPC
2000 (Waters)
Analysis software: Chromatography data system Empower
(Waters) |
ik Columns: Two TSK gel GMHg-HT columns + two TSK gel GMH¢-HTL
columns (each 7.5 mm in inner diameter and 30 cm in length,
manufactured by TOSOH CORPORATION]) .
Mobile phase: o-dichlorobenzene (= ODCB) (special grade
reagent manufactured by Wako Pure Chemical Industries, Ltd.)
20 Detector: differential refractometer (built in the
chromatograph)
Column temperature: 140°C

Flow rate: 1.0 mL/min

Injection amount: 500 UL



221 a Zr concentration of 0.034 mg/mL and an Al concentration of 2.3 mg/mL. [0466] Polymerization
5Polymerization was carried out in the same manner as in Example M-1, except that the solid catalyst
component (Y-1) was replaced by the solid catalyst component (Y-8). The polymer obtained was dried
under vacuum for 10 hours to afford 75.5 g of an g¢t{hylene/l-hexene copolymer. Results of GPC 10
analysis and properties of the polymer are set forth in Table 6. [0467] [Example M-17] [Preparation of
solid catalyst component (Y-9)] 15A solid catalyst component (Y-9) was synthesized in the same
manner as for theéé)rlrild ﬁatal sgcomppnent g-Z) in Example M-4, except that the metallocene

p

compound (B1) was replace &?hee ratdbLanE éoﬂwpﬁﬁﬁd (B5), and the reaction molar ratio of the

metallocene com%oé%glgﬁ%aggetg% metallocene compound 20(B5) was (A3)/(BS) = 55/45 (molar
ratio). After the reaction for 1 hour FR5d RBE d&edel iniHe %upernatant toluene. A portion of the

heptane slurry of ngseoéilq ca}ga@les_gL c%mponent %%9) was sampled and the concentrations were
determined, resulting in-a Zt concentiation ot 8RB MICHRAIF RE D99 Perccstrationss 2.3 mg/mL.

[0466] Pol g{;@ iQ Pol ization was carried out in the same manner as in Example M-1,
except thabﬁl%e soflfl(? %gtra?y%t %gr:rl]géggn (FPRRIRE S By hinsh it sty @ohaonent (Y-9).
The polymer; ing was,dried under vacuum for 10 hours to afford 113.7 g of an ethylene/l-hexene
copolymer. I%%E{Lﬁts 0 ch'bé%aér‘?&yosig & BPOD%HZ%S of the polymer are set forth in Table 106. [0469]

(Example M-.18] ['fﬁeﬁ’a?%a '%né%fﬁor"d &é‘{a'?t component (Y-10)] A solid catalyst component (Y-10)
was synthesized in the 15 same manner 48 forthe Eolif Laimfst 2bfhpohene e ZreeExample M-4,
e O R v oy
(A3)/(36)§c@%%§ﬂ8@rv@@'}'@fgéég%g acct:iggibration procedure described in
J.Polym.Sci.,gg,753,Z.Cmubisic,P.Rempp,EL Bencit {(1967),
10 {0263] |
In the invention, the maximum peak in GPC is defined to
.b@ (i) a point on a GPC curve at which the local maximum value
is reached, or (ii) a point on a GPC éurve which gives the local
maximum or local minimum value in secondary differentiation
15 of the GPC curve. 1In the case where peaks overlap one another
and are consequently observed to be a single peak or to have
shoulders, the maximum peak may be effectively determined basged
on the local maximum and the local minimum values in secondary

differentiation.
20 [0264]
When the peak intensities of the peaks determined by the
above method are assigned the letter H, and the peak intensity
of the maximum peak and that of the second maximum peak are

assigned the code Hy., and Hsecona, respectively, these peak



20 for 1 hour, Zr was not detected in the supernatant toluene. A portion of the heptane slurry of the
solid catalyst component (1-10) was sampled and the concentrations were determined, resulting in a
Zr concentration of 0.036 mg/mL and an Al concentration of 2.3 mg/mL. 223 [0470] Polymerization
Polymerization was carried out in the same manngrsas in Example M-1, except that the solid catalyst
component (Y-1) 5 was replaced by the solid catalyst component (Y-10), and the polymerization
temperature and the 1-hexene amount were changed from 80C and 10 mL to 70C and 30 mL. The
polymer phtainediwas dried under vaguum for 10:hours 4o afferd,116.8 g of an ethylene/l-hexene
copolymer. Results of GPC analysis 10 and properties of the polymer are set forth in Table 6. [0471]
[Example L 3Q];[Preparation of solid catalyst component (X-11)] A 200 mL glass flask purged with
nitrogen was charged with 15 50 mL of toluene, and the toluene slurry of the solid component (S) (1.0
g in terms of the sgligicorapeRenthwasaddearbeseteoFurhey, tle # el afwdaliess salyion of the
metallocene compound (B1) (0.002 mmol/mL in terms of Zr atom) was added dropwise. Reaction was
performegLat yROm tedmeraiieiogl oo gAltal he reactian, he-supaspatantwas removed by
decantation. The residue was washed with heptane two times and was slurried into 100 mL of a
heptane glukry1(s9lid satalyst gompopentK=id. Apostiqratiheheniane shppreiibe salid catalyst
component (X-11) was sampled and the concentrations 224 were determined, resulting in a Zr
concentratien o£,@. 0234R04mk, 8Rg an Al concentration oh & Bymghnk JReliMesizatioRue 4 SUS
autoclave thoroughly purged with nitrogen was 5 charged with 500 mL of purified heptane, and
ethylenepvasprsseshipeiahrthemuteglave te saiate the dguigphaseiambthegas-ase with
ethylene. Further, 10 mL of 1-hexene and 0.375 mmol of triisobutylaluminum were added, and 8 mg
and 12 mg:inderms of the solid component of the solid catalyst component (X-2) 10 and the solid
catalyst component (X-11), respectively, ((A2)/(B1) molar ratio = 40/60) were added to the autoclave.
The tempeyakge was increased to 80C, and polymerization was performed at 0.78 MPa.G for 90
minutes. The polymer obtained was dried under vacuum for 10 hours to afford 79.7 g of an 15
ethyfene/l-hexengicopglymese ResultsreGRE analysieapdamepasties ahthepiolymer are set forth in
Table 6. [0472] (Example M-20] Polymerization 20A 1 L SUS autoclave thoroughly purged with
nitrogen was chawged with 890 rilo Dbpuwrifiel Reptane:, and gthylene-was passed theaugh the

" autoclave to saturate the liquid phase and the gas phase with ethylene. Further, 10 mL of 1-hexene
and 0.37éénm9haf1trii§@§w@lm&fw yere agded and pag-and 1hsnginetesms
(macromonomers) that are polymerized, forming long-chain
branches. Indetail,ix:ismoreadvantageousfortheformation
15 of long-chain’branches that the polymers afforded by the
component (A} represent a large proportion of the polymers
produced in the polymerization.
[0267]
Althcughlowernmlecularweightsofthepmlymersafforded
20 by the component (A) are more advantageous for the formation
of 1ong—chain.branches; an excessively'small molecular weight
results in lowered mechanical strength of shaped articles such
as films or causes operation failure due to the attachment Qf

the polymers to polymerizer walls. If the molecular weight is



225 of the solid component of the solid catalyst component (X-3) and the solid catalyst component
(X-11), respectively, ((A3)/(B1) molar ratio = 25/75) were added to the autoclave. The temperature was
increased to 80C, and polymerization was 5 performed at 0.78 MPa.G for 90 minutes. The polymer
obtained was dried under vacuum for 10 hours to &fford 48.7 g of an ethylene/l-hexene copolymer.
Results of GPC analysis and properties of the polymer are set forth in Table 6. [0473] 10[Example
M-21] [Preparation of solid catalyst component (Y-11)] A 200 mL glass flask purged with nitrogen

was chargeti@ith 59unb qfddlyeae sand ¢hedsaluene sitserefdhe solidcompanant (S)(d.Q g in terms of

the solid component) prepared in Example 15 L-11 was added thereto. Further, 5.6 mL of a toluene

solution ofgHeentéialibcemea cdmpaund ddiethyisilylenentenelopentadienyt B-nys , the
opylcyclopentadienyl)zirconium dichloride (A2)) (0.002 mmol/mL in terms of Zr atom) and 7.1 mL of a

toluene sdlgfieroltie methttbtenescarmpaua (B1)i(R.002 ?@@ﬁmg%teggﬁgé_ﬂ atom) were
added dropwise as a mixture ((A2)/(B1) molar ratio = 44/56). Reaction was performed at room
temperatur@Z681 hour. After the reaction for 1 hour, Zr was not detected in the supernatant toluene.
The supernatant was removed by decantation. The residue was washed 226 with heptane two times

and Was slurried Pite 50yt mshebtanersldriyselichcatalyst earnoneptyr41) fRreparation of
prepolymerized catalyst component (YP-11)] The heptane slurry of the solid catalyst component (Y-11)

5 was codtedts 100t undeizsstrpariot mitrogeng 2 dammokefdlisobyddalymipym hydrds, (DIBAI-H)
and 0.13 mL of 1-hexene were added. After the addition of 1-hexene, the supply of ethylene was

initiated. Fhe sttitrarspst C(dh)lpO@éEbV\lanm}Sm@ﬁriEer\&ithI@eth-!@ﬁﬁg@é@ﬂ%igmpfg%%rle relative to
10 the solid catalyst component at a temperature of 35C (prepolymerization). The supernatant was

removed By%letenenidnoFhi sbiiddatalysicamponerthwasargshedsvish heptang thiee.tipes and was
slurried into 50 mL of a heptane slurry. 15[0474] Subsequently, 10 mg of Chemistat 2500

(manufact@REBYES&NyGRC helmicad Intk Btriess &t bwas agfed o Hsosiuiy, angd the.Ghgmistat 2500

was reacted with the prepolymerized catalyst component by keeping the temperature in the system at

3418 20 886 fohe hobd Mhersperiatanbwas vemiovehy Beeantatian. cEhg,Brepqlmel Efd catalyst
component was washed with hexane three times. [0475] 227 flask, and hexane was distilled away

under redised Pressiseate2bChnes mh b geaf a plepolymerizedreatabisk companent {¥Pa11) was
obtained which was polymerized with 3 g of the polymer per 1 g of the solid catalyst component.
5@476]of these peaks may be precisely determined by separating the
‘peaks by a method as described below.
[0269]
15 In the case where the peaks overlap one another and are
consequently observed to be a single peak or to have shoulders,
the peaks may be separated by a method described below and the
ratio of the component (A) peak, the component (B) peak and
the third peak may be determined precisely.
20 {0270}
Peaks in a molecular weight curve (Gl) of an ethylene
polymer produced by the polymerization process according to

the invention were separated by the following method using a

molecular weight curve (G2) of an ethylene polymer that was



The prepolymerized catalyst component (YP-11) was analyzed for composition and was found to
contain 0.50 mg of Zr atom per 1 g of the solid catalyst component. [0477] 10 Polymerization
Polymerization was carried out in the same manner as in Example M-1, except that the solid catalyst
component (Y-1) was replaced by the prepolymet2®d catalyst component (YP- 11) . The polymer
obtained was dried under vacuum for 10 hours to 15 afford 64.3 g of an ethylene/l-hexene copolymer.
Results of GPC analysis and properties of the polymer are set forth in Table 6. [0478] [Example M-22]
20[Prepasatien otsalihatalystcomponent (¥=k2A] v tA Sotigh 6ataly s £orhro R k) was
synthesized in the same manner as for the solid catalyst component (Y-11) in Example M-21, except
that the reagtjon molaewsiorndife (motadacene coamapnadAZ) and the metalosenecampound (EI)
228 was changed from (A2)/(B1) = 44/56 (molar ratio) to (A2)/(B1) = 47/53 (molar ratio). After the
reaction fox lahewr, Z& fesad detecied 4m éhe superaatant faluenel [0473He [Riepptatien of
prepolymerized catalyst component (YP-12)] A solid catalyst component (YP-12) was prepared in the
same mafmer asdarctheiapelymelized tatalyst component @ Prd3) indExampletyyZlle gxcept that the
solid catalyst component (Y-11) was replaced by the solid catalyst component 10(Y-12). The
premlymesivetdeatayatcamponant(ii:42) wasapalyzed ity compesitai and sagfosad to contain
0.50 mg of Zr atom per 1 g of the solid catalyst component. [0480] Polymerization 15Polymerization
was carriefl atdndbesamennanper, aslir Rxempiedht, éxoepiibatihe selitbeatalyst q@nponent (Y-1)
was replaced by the solid catalyst component (YP-12). The polymer obtained was dried under vacuum
for 10 houthto aiiQrontlxO §=0f areetiyienefdfexeneapselyee fResplis whéP G 20@anadsis and
properties of the polymer are set forth in Table. 7. [0481] [Example M-23] [Preparation of solid catalyst
componesf (¥Hk8)komponent (B) alone) wherein the polymerization

conditions were identical to these in the production of the
1¢ ethylene pblymer of the present invention. Herein, the

molecular weight curves were obtained by &GPC measurement as

described above, and the calculation for peak separation was

conducted using Excel® 97 manufactured by Microsoft

Corpeoration.
15 [1] With respect to the numerical data of the molecular
weight curves (G1), (G2} and (G3), Log (meoclecular weight) was

obtained at intervals of 0.02, and the intensity [dwt/d{(log
molecular weight}] was normalized such that the area of the
ﬁolecular welght curve was 1.
20 [2] A synthetic curve (G4) was prepared from the curves
(G2) and (G3).
| [3] The intensities at the molecular weights in (G2) and
(G3) were modified appropriately by a constant fraction such

that the absolute value of the difference between the



229 A solid catalyst component (Y-13) was synthesized in the same manner as for the solid
catalyst component (Y-11) in Example M-21, except that the metallocene compound (A2) was
replaced by the metallocene compound (A3), and fHe reaction 5 molar ratio of the metallocene

. .compound (A3) and the metallocene compound (E1) was (A3)/(E1) = 37/63 (molar ratio).. After the
reaction for 1 hour, Zr was not detected in the supernatant toluene. [0482] 10 [Preparation of
prepolymerized catalyst component (YP-13)] A solid catalyst component (YP-13) was prepared in
the same-maRAErds foF thé prépoliinefizett-Edtalat 8mponent (YPL1ENR Edhipléai-2L fexcept that
the solid catalyst component (Y-11) was replaced by the solid catalyst component 15 (Y-13). The
prepolymiefiz&d taflyst cOmponentYP213)Was BRal§zet-foF coifpsitiors afd wasf§und to contain
0.50 mg of Zr atom per 1 g of the solid catalyst component. [0483] Polymerization 20Polymerization
was carriet otk in'thié saine mahnéfas il Exampf WL, exedpt that théisbfid eathlyst cofiponent (Y-1)
was replaced by the solid catalyst component (YP-13). The polymer obtained was dried under vacuum
for 10 holifstd Affére 150 6y abar ethyterva/ihexane EopsimernResusst GPC 1230¢ Aadldsis and
properties of the polymer are set forth in Table 7. [0484] [Example M-24] 5 [Preparation of solid
catalyst comagonent{YVIAY of A-sdlig catalystedraponent €8-14) wdssyrmbiekiZédin thexsame
manner as for the solid catalyst component (Y-13) in Example M-23, except that the reaction molar
ratio of thecretallocene Cormpaund (&33 nd the- metalloceneicompolmdi(B13 10 svas tharged from
(A3)/(B1) = 37/63 (molar ratio) to (A3)/(B1) = 45/55 (molar ratio). After the reaction for 1 hour, Zr was
not detedtée inithecsupetnatantitoluéfé.) and (G4} was not more than 0.0004 on

a lower molecular weight sids.
[4} A region which was found on a higher molecular weight
10 side than the peak top and in which the curves (Gl) and (G4}
did not overlap each other, namely (G5) [(GL) - {(G4)], was
defined as the third peak. The weight fraction W, of the
polymers afforded by the component (A}, the weight fracticn

Wy of the polymers afforded by the component (B) and the weight

i3 fraction W:; of the third peak are calculated as follows.
[02711
Wa = S (G2)/35 (G1)
Wy = 8 (G3}/S (G1l)
Wy = 3 (G5)/3 (GL)
20 Here, S (G2) and 5 (G3} represent peak aresas in {(GZ) and

(G3) after the modification of the intensities, and 8§ (G4) and
S {(G5) are peak areas in (G4) and (G5).
(02721

The welight fractions W,, W, and W; may be determined



[0485] [Preparation of prepolymerized catalyst component (YP-14)] 15A solid catalyst component
(YP-14) was prepared in the same manner as for the p epolymerized catalyst component (YP-11) in
Example M-21, except that the solid catalyst component (Y-11) was replaced by the solid catalyst
component (Y-14). The prepolymerized catalyst d@hponent (YP-14) was 20 analyzed for composition
and was found to contain 0.50 mg of Zr atom per 1 g of the solid catalyst component. [0486]
Polymerization Polymerization was carried out in the same manner as in 231 Example M-1, except
that the sofigcatahist toohyparant (i) avasrephecetk by thaisalisl eatalystcompohent (¥idl4). The
polymer obtained was dried under vacuum for 10 hours to afford 80.3 g of an ethylene/l-hexene
copolymeto Resulls of (&b anblysts-ah piopertés ofthe-pelgarer med getlfefibris Tabl7. [0487]
[Example M-25] [Preparation of solid catalyst component (Y-15)] 10A solid catalyst component (Y-15)

was synthgsizegkintbd samsataaner,asdexihssald mialyskearapmentyXiil8) owExample M-23,
except that the reaction molar ratio of the metallocene compound (A3) and the metallocene compound

(191) wag ¢herged:inom (A3Y(B Pt 3402 tinolaf fatio) fodASHBLY 3% = 49464 gnokaraatio). After the

reaction for 1 hour, Zr was not detected in the supernatant toluene. [0488] [Preparation of
prepolymesizrckoatalyst samperent(Y&htmt Acsolict cetalysbaompaneatr®d-depvias prepared in the

20 same manner as for the prepolymerized catalyst component (YP-11) in Example M-21, except that
the solid catadyst eompOhent. @/ -b i pfias atyilacéd by tize salidlcatalyst comyportent {Y di5¢. The
prepolymerized catalyst component (YP-15) was analyzed for composition and was found to contain
0.50 mg ot 282ntrratownrerslf§ of thedsdlig czltaly stcogopenent. (8483]s more
advantageous for the formation of long-chair branches.
[0273]
10 Described next are the ethylene polymers (i to iv) that
are obtained by homopolymerization or copolymerization of
ethylene in the presence of the olefin polymerization catalyst
(5) . In the following description, properties are measured by
the following_methods.
15 [Tdentification cf compounds]
Compounds obtained inﬂsynthetic examples are identified
by 270 MHz H-NMR (GSH-270 manufactured by JEOL Ltd.), FD-mass
spectrometry (FD-MS) (SX-102A manufactured by JEOL Ltd.) and
gas chrométography-mass spectrometry (GCFMS) (GCMS-QP5050A
20 manufactured by Shimadzu Corporation).
[0274]
[Quantitative analysis of terminal structures]

The terminal structures (the number of double bonds) of

the polymers are determined by *H-NMR (ECA-500 manufactured by



Polymerization Polymerization was carried out in the same manner as in 5 Example M-1, except that
the solid catalyst component (Y-1) was replaced by the solid catalyst component (YP-15). The polymer
obtained was dried under vacuum for 10 hours to afford 94.1 g of an ethylene/l-hexene copolymer.
Results of GPC analysis and properties of the pol@her are set forth in Table 107. [0490] [Example
M-26] [Preparation of solid catalyst component (Y-16)] A solid_ catalyst component (Y-16) was
synthesized in the 15 same manner as for the solid catalyst component (Y-13) in Example 14-23,
except that#iag, reaction molar ratio of the metallocene compound (A3) and the metallocene compound
(B1) was changed from (A3)/(B1) = 37/63 (molar ratio) to (A3)/(B1) = 55/45 (molar ratio). After the

reaction fopdeheurs Zewas2Qnqhdeiested in the supernatant toluene. [0491] [Preparation of
prepolyme i ed catalyst component (YP-16)] A solid catalyst component (YP-16) was prepared in the

same manner as fegdhedorepeiynpes C t ¢Q nent 233.(YP-11) in Example M-21, except
that the solid catalyst component (Y-%L%%W%?r@plg%g?%ﬁﬁg UG SRR SE S ARBRET ivER6). The

prepolymevized Qatqugtgcqmngerﬂgb’Pcl@ry&aesragalx%eq{for omposition and was found to contain
0.50 mg of 5 Zr atom per 1 g of the solid catalyst corﬁponerﬁ. [ﬁﬂ@ 1 Polymerization

Polymerization ydas,carged out in the same manner as in Example M-1, except that the solid catalyst
component (Y-1) 10 was replaced by the prepolymerized catalyst component (YP- 16 ) The polymer

obtained was drieghufges vagwam:for KL haurs.fo,af orgqﬁ%ﬁ of an ethylene/l-hexene copolymer.
Results of GPC analysis and properties of the gol(ynflér areesae%‘flcﬁ?hmﬁ] al%fiemf%[’t'&grﬁﬁl% M-273

[Preparatiopeaifaepelymesized catalyst cgg@gneglh@g’- ) prepolymerized catalyst component
(YP-17) was prepared in the same manner as for the pr %y%lé—’lr@e% ga?%%tdcotfﬁpd?%‘?ﬁ‘(YP-ll)

g, T prepolymenzad Cata o sompenent (Vo1 Sk 2oL ar BomBoStBit Ak was found t
| contain Ochéhmgedt Zr aiea Rt 1-g8f the solid catalyst component. [0493] 234
10 [Melt tension (MT)]

.The melt tension (MT) at 190°C is measured by the following
method. The melt tension (MT) of a polymer is determined by
measuring the stress under stretching at a fixed speed. The
measurement is performed with a MT tester manufactured by Toyo

15 Seiki Seisaku-Sho, Ltd., under the conditions inwhich the resin
temperature ig 190°C, the melting time is 6 minutes, the barrel
diameter is 9.55 mm, the extrusion rate is 15 mm/min, the take-up
speed is 24 m/min {(in the event of breakage of the molten
filament, the take-up speed is lowered by 5 m/min), the nozzle

20 diameter is 2.095 mm and the nozzle length is 8 mm.

[Shear viscosity (n") at 200°C and angular velocity of 1.0

rad/sec]

The shear viscosity (") at 200°C and angular velocity

of 1.0 rad/sec is measured by the following method. 1In detail,



Polymerization Polymerization was carried out in the same manner as in Example M-1, except
that the solid catalyst component (Y-1) was replaced by the prepolymerized catalyst component (YP-
17) .5 The polymer obtained was dried under vacuum for 10 hours to afford 59.6 g of an
ethylene/l-hexene copolymer. Results of GPC anakysis and properties of the polymer are set forth in
Table 8. [0494] 10[Example M-28] [Preparation of solid catalyst component (Y-18)] A 200 mL glass
flask purged with nitrogen was charged with 50 mL of toluene, and the toluene slurry of the solid

componenk £5)sidb¢ iR tesmssafithe sRligl comnopeatpraRaredyn £xampia 43 Lellwas added

thereto. Further, 5.3 mL of a toluene solution of the metallocene’compound (dimethylsilylene

(cyclopeniadiepyi3u-gronyicysipentadienydizireonivgr dichlorided A2)),(0.002 T in terms of

Zr atom) and 7.4 mL of a toluene solution of the metallocene compound (B-1) 20 (0:002 mmol/mL in

terms of Zeatom)wergnddad pLRvyise; as ehBRiXHINAR/ (B 8el8k ialioys 42/58).A1 Fam

temperature. After the dropwise addition, the temperature was increased to 75C. Reaction was

performegdiat 456 forebheurs:r Hre- ropcticiverodues vwas washed witbheptang dwetimesiand was
slurried into 235 50 mL of a heptane slurry (solid catalyst component Y-18). After the reaction for 2

hours, Zrnuas netdetested incthessupeInataat wiiens, {94953)] SPseraration of prepplymesrzed catalyst
component (YP-18)] The heptane slurry of the solid catalyst component (Y-18) was cooled to 10C.

Under a stseaineef aittaget d @ a1get-Chemistal 2600 ves dded sandyeastion wasnesfopmed for 5
minutes. Subsequently, 2 . 0 mmol of diisobutylaluminum hydride 10 (DiaAl-H) and 0.13 mL of

1-hexenewerenaddedirethis aedereAliatthesaddiioruet khexans, theisupplyeietbylgpe was initiated.
The solid catalyst component was polymerized with a three-fold weight of ethylene relative to the solid

catalyst eprapanest ala temperaiueef-3%z (Wepalymerizatan)e & he d S3ypematant was,removed by
decantation. The solid catalyst component was washed with heptane three times and was slurried into

50 mL ofimhepiene shiey. §§496]-Suhseruently. 40 iy ebchemistat 2500 was added g the 20 slurry,
and the Chemistat 2500 was reacted with the prepolymerized catalyst component by keeping the

teraperatisede the-syatens ahdddo36G: torduiows. Thesupesalaat waskemavesihy desantation . The
prepolymerized catalyst component was washed with hexane three times. 236 [0497] The hexane

slurry watriransferses ia-aiDfonk glaswSakierlflasls and hexanerwas Bistied awayyinder reduced
_pressure at 25C. Thus, 4.0 g of a prepolymerized catalyst component 5 (YP-18) was obtained which
was polymesizadavitrt geafitipe potuner par tgrof she solid eatalystecompenedt. 04981 s s
machine manufactured by SHINTO Metal Industries Corporation
with a preheating temperature of 190°C, a preheating time of
15  5 minutes,la heating temperature of 190°C, a heating time of
2 minutes, a heating préssure of 100 kg G/cm?, a cooling
température of 20°C, a cooling time of 5 minutes and a cooling
pressure of 100 kg/cm®.
[Total of methyl branbhes and ethyl branches (A + B)]
20 The number of methyl branches and ethyl branches is
detefmined by C-NMR as foilows. ECP 500 nuclear magnetic
resonance apparatus (‘H: 500 MHz) manufactured by JEOL Ltd. is

used. The number of scans is 10,000 to 30,000. The chemical

shift used is a peak of main chain methylene (29.97 ppm). A



The prepolymerized catalyst component (YP-18) was analyzed for composition and was found to
contain 0.50 mg of 10 Zr atom per 1 g of the solid catalyst component. [0499] Polymerization
Polymerization was carried out in the same manner as in Example M-1, except that the solid catalyst
component (Y-1) 15 was replaced by the prepolym@&rized catalyst component (YP- 18 ) . The polymer
obtained was dried under vacuum for 10 hours to afford 102.2 g of an ethylene/l-hexene copolymer.
Results of GPC analysis and properties of the polymer are set forth in Table 8. 20[0500] [Example

M-291 [Preparsinp Dé sekd gatblyst componently -394 3 A poli¢ cgtai){%&g@zpﬁ%hqém) was
in

synthesized in the same manner as for the solid catalyst component (Y-1 xample M-28,

except thatdine iescting m@aspﬁ@dﬁhgm@gllwgw&{%gn%gﬁ @eggiljll_gé:ene compound
(31) was changed from (A2)/(B1) = 42/58 (molar ratio) to a reaction molar ratio of the metallocene

compound fER)iared themiiahtacese 5 ]g@mppygagr@g}l@f_(&g)/@@m%ﬂdﬁ @oga_r{atki)o . After the
reaction for 1 hour, Zr was not-detected in the supernatant toluene. [0501] [Preparation of

prepolymevidednesitadyst companent 62300 <0A: solithealalyst GoNRORRRAL &Jﬁ?ﬁ-}%v%[aféjsr%pared i
mple M-

same manner as for the prepolymerized catalyst component (12-11) in Exa , except that the

solid&atat;asbeohqnngta(ldlb)wasfeabqeﬁmIheﬁédﬁ‘f}ﬁ'ﬁ%@@%‘gﬂ‘é&%@%z—r Ec

prepolymerized catalyst component (12-19) was 15 analyzed for composition and was found to contain

0.50 mg dfdrgiom perdrd sbthe 'ﬁ:iidp‘@f@y@trppm@gr@m.]-[QS(ggJﬁgMggr_izag%% Polymerization was
carried out in the same manner as in 20 Example M-1, except that the solid catalyst component (1-1)

was replazkddrypthe sokidicatalysteammepaentila-19) The @@wg@mb;aa@%wga@%%%%def vacuum
for 10 hours to afford 75.9 g of an ethylene/l-hexene copolymer. Results of GPC analysis and
propertieXagtiapolyniereare set fortik inT ahleg 238 & f080IExeple M0l it ion)
No.141,NMR-Sousetsuto&ikkenGaido{ReViewandExperimental
10 Guide) [I], pp. 132-133. The number of methyl braﬁches per 1000
carbon atoms is calculated from the integrated intensity ratio
of the absorption intensity (19.9 ppm) assigned to the methyl
groups of the methyl branches relative to the integrated total
of the absorption intensities at 5-45 ppm. The number of ethyl
15 Dbranches is calculated from the integrated.intensity ratio of
theabsorptionintensity(10.8ppm)assignedtotheethylgroups
of the ethyl branches relative to the integrated total of the
absorption intensities at 5-45 pPpm. |
[Zero-ghear viscosity (ng)]
20 The zero-shear viscosity fne (P)1 at 200°C is measured
by the following method. In detail, the zero-shear viscosity
[Me {(P)] is determined by measuring the distribution of shear
viscosity (m') at 200°C at an angular velocity [@ (rad/sec)]

in the range of 0.02512<®<100. The measurement is performed



Polymerization 5Polymerization was carried out in the same manner as in Example M-1, except that
the solid catalyst component (Y-1) was replaced by the prepolymerized catalyst component (YP-11)
and the polymerization temperature was changed from 80C to 70C. The polymer obtained was dried
under vacuum for 10 hours 10 to afford 59.1 g of sgethylene/l-hexene copolymer. Results of GPC
analysis and properties of the polymer are set forth in Table 8. [0504] [Example M-31] 15
Polymerization A 1 L SUS autoclave thoroughly purged with nitrogen was charged with 500 mL of

purified heptanes candetiyleseavas passed bioug ofieateciaw-ssaturate fha-liguid phase and the
gas phase with ethylene. Further, 10 mL of 1-hexene and 0.375 mmol 20 of triisobutylaluminum were

added in gipis Doder, and 85487 i eraw ofiibe selid-catalystcempemeant, of the: prepolymerized catalyst
component (YP-19) was further added to the autoclave. Subsequently, 1.7 mg of Chemistat 2500 was
added. The semperature was increased to 80C, and polymerization was 239 performed at 0.78
MPa-G for 90 minutes. The polymer obtained was dried under vacuum for 10 hours to afford 49.3 g of

an ethylene/l-hexane cepelymae HResulisfGRG aAnalysis andprepariespithe polygnerare set forth
in Table 8. 5[0505] [Example M-32] Polymerization Polymerization was carried out in the same

manger ashrExampledd Bl exeepbabh. 7(pg-of Chemistat2500nsas replacef, 10 Wy+33 mg of
PLURONIC L71 (manufactured by ADEKA CORPORATION). The polymer obtained was dried under

vacuum fog 101 t0; 3052106 of Ansetbylepe/{hexens copglyner Rasus ©f GG pnalysis and
properties of the polymer are set forth in Table B. 15[0506] [Comparative Example M-1] [Preparation of

solid catalysicofipanent (BY Adn 1 iresalidieatalysteprapenenidkX k) was synthesized in the same
manner as for the solid catalyst component (Y-2) in Example 20 M-4, except that the metallocene
compounto@Bg was replaced by the metallocene compound (El), and the reaction molar ratio of the
metallocene compound (El) and the metallocene compound (32) was (E1)/(32) - 80/20 (molar ratio).

After the regctlon for, 1 houra{% t?ﬂ din the super;[rjatant toluene. 240 A portion of the

heptane I?Em:z f th EY-J,),vf/E pled and the concentrations were
determin ﬁ

10 [0277]
In the eguation above, A représents a parameter having
a time diménsion, and n indicatee a power index of the material.
The fitting by a nonlinear least équares method is made such
that d represented by Equation (Eg-6) below becomes minimum.

15 [0278]

Zkogwﬂexp(@)"Logw?fmk(@)}z + (Eg-0)

o=002512
foz279]
In the equation above, Texp {(®) is the measured shear
visceosity and Neaic (@) is the shear viscosity calculated from
20 the Carreau model.

[Weight average molecular weight (Mw) by GPC-VISCO]



resulting in a Zr concentration of 0.037 mg/mL and an Al concentration of 2.3 mg/mL. 5[0507]
Polymerization Polymerization was carried out in the same manner as in Example M-1, except
that the solid catalyst component (Y-1) was replaced by the solid catalyst component (EY-1), and the
10 ethylene gas was replaced by hydrogen/ethyléAé mixture gas (hydrogen concentration: 0.45
vol%)The polymer obtained was dried under vacuum for 10 hours to afford-87.4 g of an
ethylene/l-hexene copolymer. Results of GPC analysis and properties of the polymer are set forth in
Table 9. 15[0508]The T/R& glefin Q@Mg%lgqﬁig@&g&lxgs&ggord%ng Eﬁ “:[Pe resent invention, in
comparizon with Comparative Example M-1, were demonstrat%}d 0 5 ord ethylene polymers
claimed inzthe -inieysionawiti hi Aty Thi ecause 20 t etallocene
compounds (the componegti"s gﬁi?%gm%gntgn%gﬁg #o\?lﬁe%dg polyiiets Paé\lﬁen\égg TS TG Bcular
weight and #tlerge Bembesehierainalwinylbonds, wih high.c a%icl?é:tiv'ty. %0509 241 [Comparative
Example M-2] [Preparation of solid catalyst component (EY-2) ARNG & al)'?st ldﬁfb%nent (EY-2)
was synthesizegin thesayge man r id ¢ L;{J t component (Y-2) in Example 5 M-4,
except that the metallocene compc??neg%%)&v#egsé %gﬁ?ﬁ% ayﬁ?e ar%eatrg%}:cgeﬁgicé: Egfﬁffﬁ”ds(RS), and the

reaction rmolar taiiD.efihe sgialiesensLompound.(ES) é,@l%thrg etallocene compound (132) was
(E5)/(32) = 35/65 (molar ratio). After the reaction for 1 hour, Zr {\:/)vrgé?;\%t H%Fe%?edl the supernatant

toluene. - Aperipe oS e eptanesiuiy 9f ihe §9id,gajalyst samponent (EY-2) was sampled and the
concentrations were determined, resulting in%lfzr concentrafs’lo%ﬁo G 831 %‘é?ﬁﬁ%ﬁﬂ%ﬁ‘ﬂﬁ) '

concentrationpafbédnglinls [931Q 1-Peolypnerization rization was carried out in the same
manner as in Example M-1, except that the solid)arc%talyst %%Pr{%rg%gﬁ?l (V- DWES PEGIEESPBY the solid

catalyst chsnponeniy &Y -2)raed He-etbylene;gaswas f%@?%‘?—gt ydrogen/ethylene mixture gas 20
(hydrogen concentration: 0.65 vol%). The polymer obtained Wasl%r?e Er?(fear%%%ﬁﬁﬁefﬁr 10 hours to

afford 47@@@&%@@)&@@1&@@@&@9@%&&5@5&@ felj G%%f#]glgfrlrs aned propgrties of the
polymer are set forth in Table 9. [0511] 242. The polymer obtained"in ?omparatlve Example M-2

sunsiantiskndebghee ippodisinbaghesaPHAIC meelihe preferad equirement or the
t

ethylene polymers produced according to the processes of the invention. This résutt was® because

metallocera sompaunds sueh 8¢ that usad im Gempagative | M:2 having subst: yent groups on
both the cyclopentadienyl rings afforded polymers having a%%%nﬁ(%gc%qlae%ﬁ@gh?%ﬁdt Small number

of terminab¥ipyldwnast 0512knd the weight average molecular weight (Mw)

0]

is calculated by universal calibration of the measured
viscosgity. |

15 [Molecular weight at maximum weight fraction {peak top M),
number average moiecular weight (Mn), Z-average molecular
weight (Mz)}, ratio of weight average molecular weight to number
average molecular weight (Mw/Mn), and ratio of Z-average
molecular weight to weight average molecular weight (Mz/Mw)]

20 To calculate the molecular weight at maximum weight
fraction (peak top M), number average molecular weight (Mn),
Z-average molecular weight (Mz), ratio of weight average
molecular weight to number average molecular weight (Mw/Mn),

and ratio of Z-average molecular weight to weight average



10[Comparative Example M-3] [Preparation of solid catalyst component (EY-3)] A solid catalyst
component (EY-3) was synthesized in the same manner as for the solid catalyst component (Y-2) in
Example M-4, except that the metallocene compound (A3) was replaced 15 by the metallocene
compound (E2), and the reaction molar ratio of tH&énetallocene compound (E2) and the metallocene
compound (92) was (E2)/(92) = 10/90 (molar ratio). After the reaction for 1 hour, Zr was not detected in
the supernatant toluene. A -portion of the heptane slurry of the solid catalyst component 20(EY-3) was
sampledmantba tancertiaiions (MergMieternsned, resulliag inwea Zylcondasttatidouafito@30 mg/mL and
an Al concentration of 2.4 mg/mL. [0513] Polymerization 243 Polymerization was carried out in
the same:mewael asd Exampte Mdeexeapt tifatithewolid catatyst companent{l-iywasfeplaced by
the solid catalyst component (EY-3). The polymer obtained was dried under vacuum for 10 hours to
afford 5 g&8 gpefrarcethytenedinexene copalymeslRésmlits=ofGFRC zMaly sichamdh properties of the
polymer are set forth in Table 9. [0514] [Comparative Example M-4] 10[Preparation of solid catalyst
componeréfb¥ B} ure Assotiel castaly stscopmp arrent s Y o megstsy ntteesidetinitie $abte manner as for
the solid catalyst component (Y-1) in Example M-1, except that the metallocene compound (A2) was
replacedunribe smetallocene compound (E2), and the reaction molar ratio 15 of the metallocene

~ compound (E2) and the metallocene compound (51) was (E2)/(B1) = 30/70 (molar ratio). After the
reaction forAsledur, Zr was not detected in the supernatant toluene. A portion of the heptane slurry of
the solid catalyst component (EY-4) was sampled and the concentrations were determined, 20
resulting A pgZrconcentatib o085 oxgdini, and an Al concentration of 2.0 mg/mL. [0515]
Polymerization Polymerization was carried out in the same manner as in 244 Example M-1, except
that the solid catatysi gemposerit{¥alhavasreptacetdgy tHehgolid Tatal pst coamp Grepo EY-4). The
polymer obtained was dried under vacuum for 10 hours to afford 91.6 g of an ethylene/l-hexene
copolymem &esulis of GPC 5 analysis and properties of the polymer are set forth in Table 9. [0516]
From the comparisonwithComparativeExamplesM-3 and M-4, the olefin polymerization catalysts
acgarding to the Ppedsemts : two TSK gel GMHg~-HT columns + two TSK gel GMHs-HTL

columns (each 7.5 mm in inner diameter and 30 c¢m in length,
manufactured by TOSOH CORPORATION)
Mobile phase: o-dichlorobenzene (special grade reagent
manufactured by Wako Pure Chemical Industries, Ltd.)
15 Detector: differential refractometer (built in the
chromatograph)
Column temperature: 140°C
Flow rate: 1.0 mL/min
Injection amount: 500 UL
20 Sampling time intervals: 1 sec
Sample concentration: 0.15% (w/v)
Molecular weight calibration: monodisperse polystyrenes
(manufactured by TOSOH CORPORATION) /ranging in molecular

weight from 495 to 20,600,000



10 invention were demonstrated to afford more preferred ethylene polymers (for example, having
properties 1 and 2) than produced with the catalysts used in Comparative Examples M-3 and M-4.
This result was because the metallocene compounds (the components A) used in the invention
afforded polymers having 15 a lower molecular w&$ht and a larger number of terminal vinyl bonds
with higher catalytic activity than the metallocene compound (E2) used in Comparative Examples M-3
and M-4 which had substituent groups on both the cyclopentadienyl rings. [0517] 20[Preparation of
prepolymerized calaiys! eempepewsl frepaieton of seidealysL COTRORENLY-ZPL A L50L

0

reactor equipped with a stirrer was charged in a nitrogen atmosphere with 50.1 L of toluene, and the

toluene siptsy pé theysalisecampenei4S 61265 Gisderasebinesalid 245 compopent) prepared in
Example L-11 was added thereto. Separately, 5.72 g of the metallocene compound (A2) (14.65 mmol

in terms of 1 atorak-anth 9g ehtheamgtaliosans.gompognd HR1)(16.52 mmol i terms of Zr atom)
((A2)/(B1) molar ratio 5 = 47/53) were placed in a 2 L glass reactor in a nitrogen-atrhosphére. The

compounds viarestssiied 1 2] tallienendid the solfion was ifgeiedipdhe,pboyg reactor.

After the injection, reaction was performed at an inside temperature of 20 to 25C for 1 hour. The

supetnatart wassmayedda 1 deganjation Thasalid-caialyseamppnent obtangl was washed with
hexane two times, and hexane was added thereto to a total volume of 50 L, thereby préparing a

hexane sl(my)of the sedid £gtalyst eanpanepdad®). (1218] ;Q[E{gpg@w%(kzr(%qpmggzed catalyst

component (YP-20)) The hexane slurry of the solid catalyst component ‘was cooled to

10.0C. Ethylbaewiasrcontingiotshosuppisd fodhe syserunden Ampsphers presaye,for several
minutes. During the supply, the temperature in the system was maintained20 at 10 to 15C.

Subsequemnity, 2atmol cEdimwgmim@&dd@%(Q%ﬂ and Q\,Aeq%hcg 1:he: were added.
82 k

After the addition of 1-hexene, the supply of ethylene was initiated at 1. g/hour an

prepolymerizatinn was eatigg-outat 3o 3TEaindhe systerL £Afer 58 ”E&@é’t%f;%’%ﬂ%@i“aﬂon of
246 the prepolyme ization, 43.0 mL of 1-hexene was added. Another 43.0 mL of 1-hexene was added
aftartthe passsage af lddhinwtesAften b3 minutes from the initiation of the prepolyrnerization, the

. ethylene supply was terminated at a total supply of 3827 5 g. The supernatant was removed by
decantatifvivclBe/snlidl catalyst component was washed with hexane three times, and hexane was
added thereto to a total volume of 66 L. [0519] Subsequently, a hexane solution of Chemistat 2500

(13.1 10 g) was imjestecat a tenparatire in tha system ol 18,366, askthesterparaiire was
maintained at 34 to 36C for 1 hour to cause the Chemistat 2500 to be supported on the

- prepolynignzeneatalystmentpone np shecswpesnatanhyas cemeyed Ry decantagign . The

prepolymerized catalyst component 15 was washed with hexane four times. [0520 T%ereafter, 25

L of the hexeneaturey ebierarepelyniarizesheatalyst comparantdG26% 9dp tewns,of e
prepolymerized solid catalyst component) was transferred to
15 in a manner as described hereinabove. The absorptions in the
NMR spectrum are assigned in accordance with Kagaku no Ryouiki
Zoukan (Region of chemistry, extra edition) No. 141, NMR -

Sousetsu to Jikken Gaido (Review and Experimental Guide) [I]

t

Pp. 132-133.
20 [0281]
The contents of the respective branches may be calculated
based on the integrated intensity ratioc of the absorption
intensities appearing in the following regions: methyl

branches: 19.9 ppm, ethyl branches: 10.8 ppm, propyl branches:



20 a 43 L evaporator equipped with a stirrer in a nitrogen atmosphere. After the transfer, the
evaporator was evacuated to -65 kPaG in about 3.5 hours. After the pressure reached-65 kPaG, the
slurry was dried under vacuum for about 4.0 hours to remove hexane and volatile components of the
prepolymerized 247 catalyst component. The evapbrator was further evacuated to -100 kPaG. After
the pressure reached -100 kPaG, the component was dried under vacuum for 6 hours. Thus, a
prepolymerized catalyst component (YP-20) was obtained which was polymerized with 3 g of 5 the
polymer per.  pekthessolighcataliist Gemparent. [Ppa]] i sovApoltier ohihe :perpolymeti zed catalyst
component was dried and analyzed for composition.and was found to contain 0.50 mg of Zr atom per

1 g of theeedigl catalyshdempenentaheiRs22] [Preparpian of solid catalyst component (Y-21)] A
hexane slurry of a solid catalyst component (Y-21) was synthesized in the same manner as for the

solid catglyst:cempone (603 18xgeptiips the reaction ratio of the metallocene compound 15(A2)
and the metallocene compound (BI) was changed from (A2)/(31) - 47/53 (molar ratio) to (A2)/(31) =

42/58 (molar ratie) 40323 R teparataneyepolymelized gatadyst compasgptdt21y Ax
prepolymerized catalyst component (YP-21) was obtained 20 in the same manner as for the

prepolymesized tatalystwompanent 6MR-G0) exdgpp that theselid,catalysticeripaient (Y-20) was
replaced by the solid catalyst component (Y-21). The prepolymerized catalyst component was
analyzedsfon goepesitiopo24thand yeasifosind To edntain D50 godl deateiniper hgdfthe solid
catalyst component. [0524] [Preparation of solid catalyst component (Y-22)] 5A hexane slurry of a solid

catalyst ggrapanent (V223 yescsynthgsizedriie ia.saie panner esfobtersalid cagadyst component
(Y-20), except that the reaction ratio of the metallocene compound (A2) and the metallocene

compourrdeBd) waseclhirngetifromdAZY (B 3 4763 mreddr tagiod da (A} 1) 405 364 fmolar ratio).
[0525] [Preparation of prepolymerized catalyst component (YP-22)] Aprepolymerized catalyst

componefk ¢¥Ri32) wascohipinedsin thessarpe smannet as ies the psepalyimetzachcatatyst component
15(YP-20), except that the solid catalyst component (Y-20) was replaced by the solid catalyst

component 22T Hes prepobmerd echeatalpsteconiparent vilgs axalyzewbios compostien and was
found to contain 0.50 mg of Zr atom per 1 g of the solid catalyst component.
concentration {(C) to 0, the value Ny /C is obtained as the
intrinsic viscosity.
[0282]
[(n] = lim(ng/C) (C—0)
15 [Neck-in]
The ethylene copolymer is laminated by extrusion on a 50
g/m* craft paper as a.substrate with use of a laminator
manufactured by Sumitomo Heavy Induétries, Ltd. which has a
65 mm diameter extruder and a T-die with a die width df 500
20 wmm, uﬁder the'foilowing conditions.
Air gap: 130 mm
Actual resin temperature after die: 295°C

Take-up speeds: 50 m/min, 80 m/min, 120 m/min, 200 m/min

Film thickness: 20 pum at take-up speed of 80 m/min, 13



20[0526] [Preparation of solid catalyst component (Y-23)] A hexane slurry of a solid catalyst
component (Y-23) was synthesized in the same manner as for the solid catalyst component (Y-20),
except that the metallocene compound (A2) 249 was replaced by the metallocene compound (A3) ,
and the reaction ratio of the metallocene compouhil (A3) and the metallocene compound (B1) was
(A3) / (S1) = 45/55 (molar ratio) . [0527] 5 [Preparation of prepolymerized catalyst component (YP-23)
] A prepolymerized catalyst component (YP-23) was obtained in the same manner as for the
prepolymey C t t Q¥P- t that the_solid_catalyst companent (Y-20) was
replaced ;‘t}gt%g 52%%3&13 yr;%iggﬁ%o%a n"%%(%)éng;&?fr%e %hﬁ?e%%lyﬁgﬁ?zé%pcasﬁﬁggcg % p%ﬂgnt was
analyzed formeomposition and was found to contain 0.50 mg of Zr atom, per 1 g of the solid catalyst
component. [0528] [Preparation of solid catalyst component (Y-24) ] 15A hexane slurry of a solid

catalyst componerhOr 24y aseyiihesizecndbe sapianner a [y iha said catalys ggmoonent

I
(Y-23) , except that the reaction ratio of the metallocene compound (A3) and the etallscéne

compoung {431 was ehanaedsiamseA3)7, (BL) Eﬁ‘é’%ﬁ@ﬁ?ﬂ%ﬁa%o)ﬂzfﬁ?’]iéﬁ%?a 0.549/60 (molar

ratio) . [0529] [Preparation of prepolymerized catalyst component (YP- prepolyrnerized catalyst

componegkE’ F&rggkwaﬁgp@,}n%q:inetggﬁaggq{@agge%%%g)& the prepolymerized catalyst component
250 (YP-20), except that the solid catalyst component (Y-20) was replaced by the solid catalyst

componenb@&34) . The prepolymerized catalyst component was analyzed for composition and was
found to contain 0.50 mg of Zr atom per 1 g of the solid 5 catalyst component. [0530] [Preparation of

S0l calahit oareaeri§% 2615 0 ar ik eciouSUURRRMI A ST SlAIge 2

nitrogen atmosphere with toluene and the toluene slurry of 10 the solid co 5ginterms

of the solid compprenguienaed idampieL-11. The fotal uejume was adivs! d%&g %%QhSep_afate'y’
.83 g of the

3.58 g of the metallocene compound (A2) (9.18 mmol in terms of Zr atom) and 1

metallocesierforpaund G429 06 amokisiterns of 75 aipm)d((As2)/ (Byl) mualat raio 15 = 24/76)

were placed in a 2 L glass reactor in a nitrogen atmosphere. The compounds were dissolved in 2.0 L

of terengyandkthesolutionyyassiniegied fodg ahoue 1630190 After e injegtion, reaction was
performed at an inside température of
' has a 65 mm diameter extruder and a T-die with a die width of
500 mm, under the conditions wherein the air gap is 130 mm and
the actual resin temperature after die is 295°C., The output
is determined sgch that the film thickness at a take-up speed
15 of 80 m/min is 20 um.
[0284]

The take-up speed is increased, and the speed that causes
breakage of the molten film (the molten fiim is regarded to
be brokeh even when only an edge thereof is cut) is determined

20 as the film breakage speed.
fo2B5}
Separately, the take-up speed is increésed and the

neck-in is measured five times at each take-up speed. The

results of the five measurements are averaged. The take-up



73 to 76C for 2 hours. The supernatant was removed by 20 decantation. The solid catalyst component
obtained was washed with hexane three times, and hexane was added thereto to a total volume of 25
L, thereby preparing a hexane slurry of the solid catalyst component (Y-25) [0531] 251 [Preparation of
prepolymerized catalyst component (YP-25)] Td¥e hexane slurry of the solid catalyst component
(Y-25) was cooled to 10 . 8C. A hexane solution of Chemistat 2500 (15.9 g) was injected to the
reactor, and 1.4 mol of 5 diisobutylaluminum hydride (DiBAI-H) was added. Ethylene Was continuously
supplied ¢@Heelsystenhtnde tatmaesphesicepressatesfof Sewerad asnutessDusng d¢fse: 3upply, the
temperature in the system was maintained at 10 to 15C. Subsequently, 103 mL of 1-hexene was
added. After ihe addidonaafidl -nexeansl llkesupply gl ofethyleaeinas inikatndeéd. 2 kgffwar and
prepolymerization was carried out at 32 to 37C in the system. After 85 minutes from the initiation of the
prepolymerizatiof, 5xmeeni latexentatas added.gAnothenrs2. mL of 1-hexene was added after the
passage of 155 minutes. After 217 minutes from the initiation 15 of the prepolymerization, the ethylene
supply wés 2&rdriinated at a total supply of 4643 g. The supernatant was removed by decantation. The
solid catalyst component was washed with hexane four times, and hexane was added thereto to a total
volufne of R&d1r20f@%3 ure JSubsequently, a hexane solution of Chemistat 2500 (63.8 g) was
injected at a temperature in the system of 34 to 36C, and the temperature was maintained at 34 to
36C for 2 hours theaesetheeize migtatl 25G0-ta belsuppoaed dritthe2 262 pyé palyprerdzédb cataly st
component. The supernatant was removed by decantation. The prepolymerized catalyst component
was washéaivithraéanesfoartimes A/ 058BEE Tadreafter; 25usef thé hexaneshanycaf the
prepolymerized catalyst component (6456 g in terms of the prepolymerized solid catalyst component)
was transfemeflao ad> evapSratartenquip pechwith Zrsimet inia sitrdgeh.atwlospherea After the
transfer, the evaporator was evacuated 10 to -68 kPaG in about 60 minutes. After the pressure
reached &8 kiRaG ] tmecslery s drderuraed vactum fer atioiht 453 Hoersstbdemové hekane and
volatile components of the prepolymerized catalyst component. The evaporator was further evacuated
to M0 kRaG. Aftde the: hressorsdrieatbed- 1904dRa3) théeompongaipl 3 was Wriednundehgacuum for 8
hours. Thus, a prepolymerized catalyst component (YP-25) was obtained which was polymerized with
3 g of the polyalerperingtoftipe selidicatalyst eondgandnt. 2 95 AGortiba cfthe prepelymedized catalyst
component was dried and analyzed for composition and was found to contain 20 0.5 mg of Zr atom
per 1 g of the salidcatabst compdnidni. §05344pexamipied MEB83.to Maé&}é’@i;mrptrmtmmr&thylene

polymers were produced in a 1.7 m3 fluidized-bed
' at the crosshead is measured during the extrusion.

[0287]
15 . {Heaﬁ seal strengthl]

The ethylene copolymer is laminated by extrusion on a
gubstrate with use of a laminator manufactured by Sumitomo Heavy
Industries, Ltd. which has a 65 mm diameter extruder and a T-die
with a die width of 500 mm, undexr the conditions wherein the

20 air gap is 130 mm, the actual resin temperature after die is
295°C, the take-up speed is 80 m/min and the film thickness
is 25 um. The subst.rate herein is a multilayér structure

'prepared by applying a urethane anchor coating agent on a

surface of a 15 pm thick biaxially stretched nylicon £ilm (E.MBLEM



253 gas-phase polymerizer using the prepolymerized catalyst components (YP-20 to YP-25). [0535]
The prepolymerized catalyst component was continuously 5 supplied to the reactor, and
copolymerization was carried out at a total pressure of 2.0 MPa.G, an ethylene partial pressure of 1.2
MPa.A, a gas linear velocity of 0.8m/sec in the re&&or, and a polymerization temperature of 80C. The
gas composition was maintained constant by continuously supplying nitrogen, 10 ethylene, and
1-butene or 1-hexene. The supply amounts of the prepolymerized catalyst component and the gas are
describe®iMT alales 18d0dPe T hbetNETE Kalynisfvds eandinubeste afithelravex frondthegpolymerizer
and was dried in a drying apparatus. 15[0536] To the ethylene polymer, 0.1 wt% of IRGANOX 1076
(manufactireddanGihaeSpadalieGhicnicals, tae.) anchG It wide loh RGAFOS 168 maputactured by
Ciba Specialty Chemicals, Inc.) were added as heat stabilizers. The mixture was melt-kneaded 20 in a
single-screve 66 rhinidiameteraextruder fHaco Co. d th)atd présatdempetatuisyofEdilghand a screw
rotation of 50 rpm and was extruded into a strand. The strand was pelletized with a cutter to give
specimersa dheafseltsdbgrbperties méanedmenh ebthelspecmrerssiftompExianepley B8ramd 34 (
comonomer : 254 1-butene) are set forth in Table 13, and the results of extrusion lamination are
showin inakable 121 €d sestits tof pyopmsitids pieapuremsent ©f tevsgeomeny from Examples 35 to 46
(comonomer: 1-hexene) are set forth in Tables 15 and 16, and the results 5 of extrusion lamination
from Exapwple= 8513 é6are shownehiTabéen27 OB I} iGompasathenExanpte M| Pellets of
ethylene/4-methyl-lI-pentene copolymer 10 obtained by solution polymerization, purchased from Prime
Polymer €»t,hid.i(bit TZEXN204 0D3)} sreecnisetvasearspecimeayerprdpetteselaliiitgreand extrusion
lamination. The results are set forth in Tables 18 and 19. [0538] 15Comparative Example M-5 resulted
in large nectkiueanda.smaller MT/1* ratio than Examples. [0539] [Comparative Example M-6]
Preparation of solid catalyst component (EY-5)

{02881}

10 The heat seal strength between the ethylene copolymer
layers in the laminate filﬁ cbtained by extrusion is measured
and evaluated under the following conditions.

A one-side hot bar sealer is used.
Heat seal pressure: 2 kg/com?
15 Heat seal time: 0.5 sec
Seal bar width: 10 mm
Test plece width: 15 mm
Peel angle: 180°
Peel rate;_BOO mm/min

20 Ethylene polymers (i)

The ethylene homopcelymers or copolymers according to the
invention are homopolymers of ethylene or copolymers of
ethylene and C4-10 o-olefins, preferably copolymers of

ethylene and C4-10 a-olefins (when 1-butene is used as a



20A 114 L reactor equipped with a stirrer was charged in a nitrogen atmosphere with the toluene slurry
of the solid component (S) (1000 g in terms of the solid component). With 255 stirring, 14.7 L of a
toluene solution of ethylenebis(indenyl)zirconium dichloride (0.0017 mmol/mL in terms of Zr atom) was
added dropwise at 78 to 80C over a period of 30 Hfhutes. Reaction was performed at the temperature
for 5 2 hours. The supernatant was removed. The solid catalyst component obtained was washed with
hexane two times, and hexane was added thereto to a total volume of 25 L, thereby preparing a
hexane stumpobthersol@rcataly$tedomporient (EY15). [O5A0bh0 Freparatienadfvyagpolymedized catalyst
component (EYP-5) The hexane slurry of the solid catalyst component (EY-5) was cooled to 5C.
Ethylenevasesdainlodshd suppicone fiea ahsterm eibdel agrss piietit pydssueea DA Gifg-the supply, the
temperature in the system was maintained at 10 to 15C. 15 Subsequently, 1.9 L of a hexane solution
of triisobatylalgfiimen (4TBan@olL in termdof M atompaid 68 B8ime of ¢ihexeachyeremelded,
thereby initiating prepolymerization . The temperature in the system was increased to 35C in 1 hour
and was HReutler hdntsred at’3d @B AftemEr Rifutds otk enitiatior pewt taad
prepolymerization, 65.3 mL of 1-hexene was added. [0541] After 4 hours from the initiation of the
prepolymerizatéiahe system was purged with nitrogen and the prepolymerizationwas terminated.
The supernatant was removed. 256 The catalyst component was washed with hexane four times.
Thus, a prégéi§inerized catalyst component was obtained which was polymerized with 3 g of the
polymer per 1 g of the solid catalyst component. Thereafter, the temperature in the system was 5
increased to 34 (BI85 G tAndl e0 e GTalhmens soluticr ot BRI ULIGER 108 psRbkydylehe lauryl ether,
manufactured by Kao Corporation) (EMULGEN concentration: 1.0 g/L) was added. The system was
stirred atfifd tevipamtmedsi 7 ¢wars and B plepollierfied datalpaeonipshent (E¥P-5) was obtained
in 10 which EMULGEN was supported on the prepolymerized catalyst component. Polymerization
In a contiRBUS FekRAEbdd hasphasd puiyierizer darpEidafd IrhaeheiWeresdopslymerized at a
total pressure 15 of 2.0 MPa-G, a polymerization temperature of 70C, and a gas linear velocity of 0.8
m/3€c. TRe@vdRaMeBEZdd batalyst component (EYP- 5 ) prepared above was dried and was
~continuously supplied at a rate of 25 to 30 g/hour. During the polymerization, the gas composition was
maintained constiit 2By chhfMusEsty si¥PKIng &tfiiene théra&te AeAYagetand hikdgen (gas
composition: 1-hexene/ethylene = 1.1-1.3 x 10-2, ethylene concentration = 71.4%). The yield of the

ethyleneoRFHEAWad 5.3 R§hBurygsa)a28pad of 2.16 kg is in the range of

0.1 to 100 g/10 min, preferabkly 1.0 to 50 g/10 min, and more

preferably 4.0 to 30. With MFR being 0.1 g/10 min or above,
i5 the ethylene polymers show a shear viscosity which is noﬁ

excessively high and permits excellent processability, and the

polymers can give shaped articles such as filme having excellent

appearance. With MFR being ﬁot more than 100 g/10 min, the

ethylene polymers show good tensile strength or heat seal
20 strength.

[0290]

In general, MFR is heavily dependent on the molecular
weight. In detail, the smaller the MFR, the higher the

molecular weight, and the larger the MFR, the lower the



The ethylene polymer obtained was formulated into specimens in the same manner as in Example
M-33. The specimens were used for properties evaluation and extrusion lamination. The results are
set forth in Tables 18 and 19. 5[0543] Comparative Example M-6 resulted in large neck-in and a
small MT/fi* ratio. The polymer caused take-up sufi§e, and the zero-shear viscosity (io) did not meet
Equation (Eg-1). [0544] 10[Comparative Example M-7] Pellets of ethylene/l-octene copolymer
obtained by solution polymerization, purchased from The Dow Chemical Company (AFFINITY

PF1140), mere sed ASw SReGimentioL properties gyaluation. The-results are set forth in Table 18.
15[0545] Comparative E%E?mple M-7 resulted in a srr%%l%/ltl'/ |"E‘\fraef‘?%l-ll,1 r% e E’g(?{ol’é?]%%? viscosity

(no) did netmeesEquation (E-bk Based:.nithese Lesults th@&% Was agsymed to cause large
neck-in and take-up surge. 20[0546] [Comparative E%Zmp?e M-8] :%%grla?%n%?%%ﬁ’d 8%mponent (S2)
In a 260 mgﬂﬁggg@quggggdéwgg,gétliger(, kg atsil) 192 average particle diameter: 12 km) that
had been dried 258 at 250C for 10 hourslil/}v%is sgsfape)r‘lﬂeda%%jg%n Q%aes)e L '?o%ueélr?e & I‘tll r%gen

atmosphesei SUSRANSIN Was legl, 40 soluti f methylalumoxane (3.0
T o O S A e Tk

mmol/mL in terms of Al atom) in a volume o dropwise suspension over a

peria of 80 Tgintes. Dusing lhendiopyise:8ddiag,he IRpARIRILICR e Syslen wag pgintained at O

-to 5C. After the dropwise addition, the reaction was continuously performe 0 minutes.

ThereaftepotireMeropesattamwas incragsed i 100Gin apeyt 1.5 hours, 10 and the reaction was
conducted at 95 to 100C for 4 hours. The temperature was thenlﬁ&%ereﬁ té%meerﬁ,sar?&fhe _

supernataiiatasseraoveddy-gaeantatien.okhe selid gumpopent th %oogggﬁgﬂg:?%“?f hed with

toluene two times, and toluene was added thereto to a total volume of eby préparing a

toluene siirydbsefritiesplic:comnongst 632)c Adortionatthgs5qlid £o ogg(r;tdwgs éarl’%led and the

. . . . - u
concentrations were determined, resulting in a slurry concentration of 137.5 g/L and an

concentratiofrefals 110l4: [@@Jﬂ@&&rﬁga@tﬂ@nmég%gﬁtﬁ@/@ﬁggwgn %tt(()IEY-tS) All4L
p .

reactor equipped with a stirrer was charged in a nitrogen atmosphere with C of toluene and 15.8 L
of the tolpenrg:siueyt ¢hersglid component (82) (2400 g in terms of the solid component). Separately,
a 100 L reactor equipped 259 with a stirrer was charged in a nitrogen atmosphere with 31.0 L of
toluene. With stirring, O3/t &b @ oleAg-salutign of the r’ge@é@ggtg?c?g}pg nglgEl) (§.25 mmol/L in

terms of Zr atom) was added and subsequently 2.0 L of a toluene sdlution of the metafiocene
compoungk(1825 (247 gmmolly jmferns:ef Zd atem), Wwagaddsd, followed by mixing for several minutes
((EN! (32) molar ratio = 95/5). The mixture solution thus prepared was injected to-the reactor containing
the toluepe sliepsefithe soid eemponeni(asd. After the injection, reaction was 10 performed at an
inside temperature of 20 to 25C for 1 hour. The supernatant was removed by decantation. The solid
catalyst darppanent thus obtained was washed with hexane three times, and hexane was added
thereto to a total volume of 56 L. Thus, a hexane slurry of the solid catalyst component (EY-6) was

i5 When the density (d) is 875 kg/m® or above, the ethylene

polymers can give £ilms having low surface tackiness. When the
density (d) is not more than 970 kg/m*, the ethylene polymers

show good low-temperature sealing properties,

[0292]

20 In general, the density is dependent on the o-olefin
content in the ethylene polymers. The lower the t-olefin
content, the higher the density, and the higher the a-olefin
content, the lower the density. The ¢-olefin content in

ethylene polymers is known to be determined by the composition



15 prepared. [0548] Preparation of prepolymerized catalyst component (EYP-6) The hexane slurry
of the solid catalyst component (EY-6) was cooled to 10C. Ethylene was continuously supplied to the
20 system under atmospheric pressure for several minutes. During the supply, the temperature in the
system was maintained at 10 to 15C. Subsequentlys 2.8 mol of triisobutylaluminum (TiBA1) and 157
mL of 1-hexene were added. After the addition of 1-hexene, the supply of ethylene was initiated at 1 .

- 8 kg/hour 260 and prepolymerization was initiated. The temperature in the system was increased to
24C in 4@ minges After dhe injtiationef eRol¥mesizglins and was ihagafierpaiiaiped at 24 to
26C. After 70 minutes from the initiation of the 5 prepolymerization, 79.0mLof 1-hexenewas added.
Another 79,04hle ob&hexene yeasiaddasafterihe passagenaioh4d mintites J0a49li nspfter 220
minutes from the initiation of the prepolymerization, the ethylene supply was terminated. The 10
system wasqasged witthadrogess angl. the prapalymerizatian-was dermaingted: Hde suparpgtant was
removed by decantation. The prepolymerized catalyst component was washed with hexane six times,
and a prejolymerizetgatalst sempaaest (BY P& wasobigieevhich was palymesized with 2.87 g of
the polymer per 15 1 g of the solid catalyst component. [0550] A portion of the prepolymerized
catadyst eamprent wasHlriachanganalyzed foL CRyROsiopandivas faund %9&9@@% Dcfig mg of Zr
atom per 1 g of the solid catalyst component. 20 Polymerization An ethylene polymer was
producedin & 904 teamplete pHIMELBKING POlyMeTizabion feaCton ueing the prapohiaerized catalyst
component (EYP-6). [0551) 261 To the polymerization tank, there were continuously supplied
solvent hexagmat45 Lihounh e peepolymesized eatalysiconmpanat at 932 sweel/hqusir terms of Zr
atom, triisobutylaluminum at 20.0 mmol/hour, ethylene at 8.0 kg/hour 5 and 1-hexene at 700 g/hour. At
the same:imgh éhe pplymer stityarag eentniusssly dischanges Gem the pakyaerizatiopiank such that
the volume of the solvent in the polymerization tank was constant. The polymerization was carried out
at a totalypge sty 0£88.MPa-G, a polymerization temperature of 10 80C and a retention time of 2.6
hours. The polymer slurry continuously discharged from the polymerization tank was fed to a flush
drurn whreesuireasiedetiigene was substantially removed. The hexane in the polymer slurry was
removed with a solvent separation apparatus, and the residue was dried to 15 afford an ethylene
polymer at 5.6 kaohd058R] 1 enENB SRR POlyMer-alataingd wasMermuwated infq spgcimens in
the same manner as in Example M-33. The specimens were used for properties evaluation and
extrusion lamihatiare 29l ef resudts ate setfodb in Tables tdhahd $eferably 2.00 x

107 to ' 7.00 x 107%, and more preferably 2.60 x 10™* to 5.00 x
10°* wherein [MT {g)] is the melt tension at 150°C and [n* (P)]

15 1is the shear visgcosity at 200°C and an angular veloéity of 1.0
rad/sec. With MT/n* being not less tha.n 1.50 x 107%, the
ethylene polymers have acceptable neck-in.

Reguirement [4]

The ethylene polymeré (i) have a total of methyl branches

20  [A (/1000 C)] and ethyl branches [B (/1000 C)], [(A + B) (/1000

C)1, of not more than 1.8, preferably not more than 1.3, more

preferably not more than 0.8, and particularly preferably not
more than 0.5 according to '*C-NMR. The numbers of methyl

branches and ethyl branches in the invention are defined to



[0553] Comparative Example M-8 resulted in a low molecular weight at the maximum weight
fraction (peak top M) in the molecular weight distribution curve by GPC, and the heat seal 262
strength was low compared to Examples. [0554] [Comparative Example M-9] An
ethylene/hexene copolymer was produced in the 88me 5 manner as in Example M-37. The
ethylene polymer obtained was formulated into specimens in the same manner as in Example M-33.
The specimens were used for properties evaluation and extrusion lamination. The results are set forth
in Tablessk8 ard-19.010{0255HEompasakveakxample MelOjescPadlets afspadyethylene obtained by
high-pressure radical polymerization, purchased from Prime Polymer Co., Ltd. (MIRASON 11), were
used as g spadmen for properties evaluation 15 and extrusion lamination. The results are set forth in
Tables 18 and 19. [0556] Comparative Example M-10 resulted in poor heat seal strength. The

total of methyl bramches[A ¢ FLO0NE) panchetng 20bvanehes{B-(MA00 Crdatidd suahlarge
compared to Examples. [0557] [Comparative Example M-11] Preparation of solid catalyst component

(EY-7) A=20fienhl; plassa fladk purgadewitly Divegercivas chatgeshuritht 283100 milantloene and the
content was stirred. Further, the toluene slurry of the solid component (S) (2.0 g in terms of the solid
componeatjevas added thereth irurthermpyes 3211 amld of Adottiepersalufioa nédipeibyistydene
bisindenyl zirconium 5 dichloride (0.0015 mmol/mL in terms of Zr atom) was added dropwise. Reaction
was perfermzedail woge tempesatlreifog likolrowbe st pesndtantiwas remosed: by detantation. The
residue was washed with decane two times and was slurried into 100 mL of a decane slurry (solid
catalyst qenipainents EYEDr Ackzportion cfonmdeicH® storng uithersafidsezrtaty stacomponent (EY-7)
was sampled and the concentrations were determined, resulting in a Zr concentration of 0.043 mg/mL
and an ACEONCEDMAOOK AT 2739UTgim LI IREPMEMEARREDICTION OF POLYMERS AND
LIFETIME EXTENDING TECENOLOGY), Zenjiro Osawa, et al., p. 481,
10 NTS (2002)). Goodmechanical strength of the ethylene polymers
is ensured when the total number of methyl branches and ethyl
branches (A + B) 1s not more than 1.8.
{0294]
The number of methyl branches and ethyl branches in the
15 ethylehe polymers is greatly dependent on how the ethylene
polymers constituting the ethylene polymers are produced.
Ethylene polymers obtained by high-pressure radical
polymerization have a larger number of methyl branches and ethyl
branches than ethylene polymers obtaiﬁedknrziegler—catalyzed
20 coordination polymerization. In the case of coordination
polymerization, the number of methyl branches and ethyl
branches in the ethylene polymers is greatly dependent on the

composition ratios among propylene, l-butene and ethylene

(propylene/ethylene, i1-butene/ethylene) in the polymerization



15A 1 L SUS autoclave thoroughly purged with nitrogen was charged with 500 mL of purified heptane ,
and ethylene was passed through the autoclave to saturate the liquid phase and the gas phase with
ethylene. Further, the system was purged with hydrogen/ethylene mixture gas (hydrogen
concentration: 0.54 20 vol%). Subsequently, 15 m38of 1-hexene and 0.375 mmol of
triisobutylaluminum were added in this order, and 0.5 g of the solid catalyst component (EY-7) was
added to the autoclave. The temperature was increased to 80C, and polymerization was performed at
0.78 MPa+=fer90 minutesd 1he pelyraaeobtaifak b was-tded unklet viagtremafarddsttours to afford
86.7 g of an ethylene polymer. [0558] The ethylene polymer obtained was formulated into 5 specimens
in the samgnpParnef akirnprampie Mhid s Hiedsperiens wieeh esedor pjoperties evdlbatipn. The
results are set forth in Table 18. [0559] Comparative Example M-11 resulted in a small MT/n* ratio, 10
and the zafoshgamwisedgsityH{&l Q)xtidnot Breehipupton foarl Bhged amthesadesidisothe polymer
was assumed to cause large neck-in and take-up surge. [0560] [Comparative Example M-12]
15[Prepatatior:aksalig catalyst-eamponent (hyi®he rAsali catalyst component (EY-8) was
prepared in the same manner as for the solid catalyst component (EY-6) in Comparative Example M-8,
except thad e reastiar maar ratio of the metallocene compound (El) and the metallocene compound
(B2) 20 was changed from (E1)/(B2) = 95/5 (molar ratio) to (E1)/(B2) = 85/15 (molar ratio). [0561]
[Preparation of prepalyimeszed,catalysbeagpepent (E)Y R-8)] The hexesesiuty, of-the solid catalyst
component (EY-8) 265 was cooled to 10C. Ethylene was continuously supplied to the system under

- atmosphgeegressute-farseyeE gindtes dUHNgIHE supRlyathe temperaiye in dhe sysiem was
maintained at 10 to 15C. Subsequently, 1. 6 mol of triisobutylaluminum and 5 80 mL of 1-hexene were

added. Aftel thasaddition DEhthenene, e suppeiy dbptiopeneswas initated aldpg kyhwaoand

sétisfy Equation (Eg-1) below:
10 0.01 x 107 x Mw*'* € n; € 4.5 % 10°1% x mMwt ... (Eg-1),
preferably satisfy Equation (Eg-2) below:
0.05 x 10“15 x Mw®* €1y € 4.5 x 10'3;3 x Mwt .- (Bg-2),
more prefefably satisfy Equation (Eg-3) below:
0.10 x 107 x Mw** <1y £ 3.5 x 107 x Mw®>* - .- (E§-3.),
15 and particularly preferably satisfy Eguation (Eg-4) below:
0.15 x 107" x Mw'* € 1 51.8 x 107* x Mw** --- (Eg-4).
According to literature (C. Gabriel, H. Munstedt, J.
Rheol., 47(32), 619 (2003)), when the zero-shear viscosity [N
{(P)] is double-logarithmically plotted against the weight
20 average molecular weight (Mw}, the sloe of the piot is in
accordance with the 3.4 power law for polymers such as
long-chain branch-free, linear ethylene pélymers in which
elongation viscosity does not show strain hardening

characteristics, but the zero-shear viscosity [fe (P)] is lower



prepolymerization was initiated. The temperature in the system reached 24C in 25 minutes after the
initiation of the prepolymerization. The temperature in the system was 10 thereafter maintained at 24
to 26C. After 35 minutes from the initiation of the prepolymerization, 39.0 mL of 1-hexene was added.
Another 39.0 mL of 1-hexene was added after th&3gassage of 60 minutes. [05621 15After 85 minutes
from the initiation of the prepolymerization, the ethylene supply was terminated and the system was
purged with nitrogen to terminate the prepolymerization. The supernatant was removed by
decantationaihe peepalymerizesycatalyshedpperentanathwashed whh rexaee 28 four times. Thus, a
prepolymerized catalyst component (EYP-8) was obtained which was polymerized with 2.93 g of the
polymer perl gt die gopid Tatatysy CampenantwAipditioh ohthecfrepohinerzed:-gatstysirgomponent
was dried and analyzed for composition and was found to contain 0.72 mg of Zr atom per 266 1 g of
the solid satedyish compenaat- dRelymerizationg ct e Ahsaihylene/lhisxane kepalymer stasgroduced in
the same manner as in Comparative Example M-8, except that the ethylene 5 supply rate and the
1-hexene/syudy iate Were changed fparo €:0-kg/heur ana £00xgihoyr, 1o £.Q &g/haunarid1900 g/hour,
respectively. After the density of the polymer reached below 935 kg/m3, the supernatant of the
polymer siheyedisehargéedfram she patymertzaten sahyhecasnp ailhitestusbich Ater8:-raiira 10 after the
polymer's density reached 920 kg/m3, the polymer was no longer separated from the solvent and the
slurry prapetite 1 became vgry hadawith thesel resulis dtheceondiguens bpetaiwneway tamncelled. The
ethylene/l-hexene copolymer obtained before the cancellation of the operation was used for properties
15 evaluaitdnyaad exiddsian taniaaten. tHierespltsateyset forth in Tables 18 and 19. 267 U L1 'xm
u"l 1™ |

[0295]

The ethylene polymers (1) that-satisfy the reguirements
10 [1] to [5] described above provide advantageous effects as will
bedescribedlater,inmostoftheplasticindustryapplications.
BHowever, in order to reliably prevent accidental or sudden
problems in processability or flowability, the ethylene
polymers preferably satisfy the requirement [6] below in
15 addition to the requirements [1] to [5].

Reguirement [6]

In the ethylene polymers'(i), the intrinsic viscosity
{Im] (dl/g)) measured at 135°C in decalin and the weight average
molecular weight (Mw) measured by GPC-vigcometry (GPC-VISCO)
20 satisfy Eguation (Eg-7} below:
0.80x 10 * xMw’ " < n] £1.65x 10" xMw® "¢ --. (Bg-7),
preferably satisfy Egquation (Eg-8) below:
0.90x 10  xMw? 77" < [n] €1.55x 10 xMw®7’® -+ (Eg-8),

and more preferably satisfy Equation (Eg-9) below:
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0.90x 107 xMw® 77" < [n] €£1.40x 107 * xMw®7"® -+ (Eg-9).
As known in the art (for example, Walther Burchard,
ADVANCES IN POLYMER SCIENCE, 143, Branchéd Polymer IT, p. 137
(1999)}, ethylene polymers having long-chain branches show a
5 smaller intrinsic viscosity [m] (dl/g) in relation to the
molecu.lar weight as compared to linear ethylene polymers having
no long-chain branches. The ethylene polymers (i) of the
inventicn have a large number of long-chain branches and exhibit
excellent processability and £lowability particularly when the
10 intrinsic viscosity {ﬁ} (dl/g) is not more than 1.65 x 10™* x
: MW{).‘?'FG . '
[0296]

Ethylene polymers (ii)

The ethylene homopolymers or copolymers according to the
i5 .invention are homopolymers of ethylene or copolymers of
ethylene and C4-10 o-clefins, preferably copolymers of
ethylene and C4-10 o-olefins (when l-butene is used as a
comonomer, an g-clefin of 6 to 10 carbon atoms ig always uéed
. together), and more preferably copelymers of ethylene and C6-10
20 co-olefins. The C4-10 d-olefins copolymerized with ethylene
include l-butene, l-hexene, 4-methyl-l-pentene, l-octene and
1-decene.
[0297]

The ethylene polymers of the invention have the following
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properties {(I) to (VI).

[0298]
(I) The melt flbw rate. (MFR) is in the range of 0.1 to
100 g/10 min, preferably 1.0 to 50 g/10 min, and more preferably
5 4to30g/l0min. With the melt flow rate {MFR) being 0.1 g/10
- win oxr abqve, the ethyleﬁe polymers show a shear viécos ity which
is not excessively high and permits excellent proceésability.
With the melt flow rate (MFR) being not more than 100 g/10 min,
the ethylene polymers show good tensile strength or heat seal

10 strength.

[0299]

The melt flow rate (MFR) is heavily dependent on the
mblecular weight. 1In detail, the smaller the melt flow raté
{MFR) , the higher the molecular weight, and the larger the melt

15 flowrate (MFR), the lower the molecular weight. The molecular
weight of ethylene polymers is known to be determined by the
composition ratio of hydrogen and ethylene (hydrogen/ethylene)
present in the polymer:i,zation.system (for example, “CATALYTIC
OLEFIN POLYMERIZATION” , edited by Kazuo Soga, et al., KODANSHA

20  SCIENTIFIC, 1990, p. 376). The melt flow rate (MFR) of the
ethylene polymers may be controlled by increasing or decreasing
the hydrogen/ethylene ratio.

[0300]

(II) The density (d) is in the range of 875 to 970 kg/m?,
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preferably 885 to 964 kg/m®, and more preferably 903 to 935 kg/m’®.

When the density (d) is 875 kg/m® or above, the ethylene polymers

can give films having low surface tackiness. When the density

(d) is not more than 970 kg/m®, the ethylene polymers show'good
5 low-temperature sealing properties..

[0301].

The density is dependent on the ¢-olefin content in the
ethylene polymers. The lower the a-olefin content, the higher
the density, and the higher the oc*oléfiri content, the lower

10 the density. The o-olefin content in ethylene polymers is
known to be. determined by the composition ratio of a-olefins

and ethylene (a—olefiﬁs/ethylene) present in the

polymerization system (for example, Walter Kaminsky, Makromol.
Chem. 193, p. 606 {1992)). Accordingly, the ethylene polymers
15 that have a density in the aforementioned range may be produced
by incfeasing or decreasing the o-olefin/ethylene ratio.
[o302]
(III) The ratio [MT/n* {g/Poise)] is in the range of 2.50
x 107 to 9.00 x 107%, preferably 2.50 x 107* to 7.00 x 107%, and
20 more preferably 3.00 x 10™ t£o 5.00 x 107*, wherein [MT (g)] is
the melt tension at 190°C and [1’1*‘ (Poise) ] is the shear visceosity

at 200°C and an angular velocity of 1.0 rad/sec. With MT/n=*
being not less than 2.50 x 107%, the ethylene polymers have

acceptable neck-in.
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[0303]

(IV) The total.oﬁ methyl branches [A (/1000 C)] and.ethyl_
branches [B (/1000C)], [(A+B) (/1000C)], according to **C-NMR
is not more than 1.8; preferably not more than 1.3, more

5 preferably not more than 0.8, and still more preferably not
more than 0.5. The numbers of methyl branches and éthyl
branches in the invention are defined to be_per 1000 carbon
atoms as will be described later.

[0304]

10 If the ethylene polymers have short-chain branches such
asmethylbranchesandeﬁhylbranches,theshort—chainbranches
are incorporated.in the crystal and the crystal plane spacings
are enlarged, resulting in lowered mechanical strength of the
resins(forexample,KOUBUNSHINOJUMYOUYOSOHJTOCHQ%JUMYOUKA

15 GIJUTSU (LIFETIME PREDICTION OF POLYMERS AND LEFETIME
EXTENDING TECHNOLOGY), edited by Zenjiro Osawa, et al., NTS,
2002, p. 481). Good mechanical strengtﬁ of the ethylene
polymers is ensured when the total number of methyl'branches
and ethyl.branches (A + B) is not moré than 1.8.

20 [0305]

The number of methyl branches and ethyl branches in the
ethylene polymers is greatly dependent on how the ethylene
polymers are produced. Ethylene polymers obtained by

high-pressure radical polymerization have a larger number of
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methyl branches and etﬁyl branches than ethylene polymers
bbtained by Ziegler-catalyzed coordination polymerization.
In the case of coordination poiymerization, the number of methyl
branches and ethyl branches in the ethylene polymers is gréa"tly
5 dependent on the composition ratios among propylene, l-butene
and ethylene (propylene/ethylene, l-butene/ethylene) in the
?ol?merization system. Accordingly, the total number of
methyl branches and ethyl branches (A + B) in the ethylene
polymers may be controlled by incieasing or deqreasing the
10 1~butene/éthylene ratio.
10306]
(V) The zero-shear viscosity at 200°C [ne (P)] and the
weight'average molecular weight (Mw) measured by
GPC-viscometry (GPC~VISCO) satisfy Equation (Eg-1) below:

is [0307]

00110 <, 45010 K - Bg-l

{0308]
preferably satisfy Equation (Eg-2) below:

[0309]

00510 0w Sy S 50107 MW (B0

[0310]

20

more preferably satisfy Egquation (Eg-3) below:
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0.10x10™ Mw** <0y S350x10° 0w - (B3

and particularly preferably satisfy Equation (Eg-4) below:

5 [0313]

01510 0w <y SLOXI0 ™™ - B4

[0314]
| According to literature (C. Gabriel, H. Munstedt, J.
Rheol., 47(3), 619 (2003)), when the zero-shear vigcosity [n,
10 | (BP)] is double—logarithmically plotted against the weight
average molecular weight {Mw), the zero-shear viscosity is in
accordance with the 3.4 power law for resins such as long-chain
branch-free, linear ethylene pelymers in which elongation
viscosity does not show strain hardening characteris‘_cics, but
15 the zero-shear viscosity [n, (P)] is lower ‘than the power law
for resins such as high-pressure low-density polyethylenes in
which elongation viscosity shows strain rate hardening
characteristics. When the zero-shear viscosity [ny, (P)] at
200°C is not more than 4.50 x 107™** x Mw®'*, the elongation
20 viscosity of the ethylene polymers shows strain rate hardening
characteristics and consequently the ethylene polymers do not

cause take-up surge.
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[06315]

That the ethylene polymers satisfy Equation (Eg-1} above
is synonymous with that log(n,} and log(Mw) that are dbtained
by double-logarithmically plotting ny and Mw of the ethylene

5 polymers meet Equation ({(Eg-1’) described below:
[0316]
3.410g (Mw) - 15.0000 < log(mo) < 3.4log(Mw) - 12.3468
(Eg-1")
(VI) The molécular'weight at the maximum weight fraction
10 (peak top M) in atm$1ecu1ar'weight distribution curve obtained
byGPCis:uitherangeof1“03510L3°tol.0}c10L53 and preferably
1.0 x 10*° to 1.0 x 10%4°,
[0317] |
| The mechanical strength of ethylene polymeré is greatly
15 affected by low meolecular weight components. The presence of
low molecular weight components increases molecular terminals
that are considered to be an origin of breagkage, léading to
lowered meﬁhaniéal strength (“Polyethylene Gijutsu Dokuhon
(Polyethylene Technclogy Reader)”, edited by Kazuo Matsuura
20 and Naotaka Mikami, Kogyo Chcsakéi Publishing, Inc., 2001, p.
45). When the molecular weight at the maximum weight fraction
(peak top M) in a molecular weight distribution curve obtained
by GPC is not less than 1.0 x 10% 3%, the ethylene polymers contain

a small amount of low molecular welght components adversely
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affécting mechanical strength and thus achieve excellent
mechanical strength.
[0318]
The molec;ular weight at the maximum weight fraction in
5 a molecular weight distribution curve obtained by GPC is known
to be determined by the composition ratio of hydrogen..and
ethylene (hydrogen/ethylene) present in the polyznerizat:ior;
system (for example, “CATALYTIC OLEFIN POLYMERIZATION”, edited
by Kazuo Soga, et al., KODANSHA SCIENTIFIC, 1990, p. 376). The
10  molecular weight at the maximum weight fraction in a molecular
- weight distribution curve may be controlled by increasing or
decreasing the hydrogen/ethylene ratio.
[0319]

Ethylene polymers (iii)

15 The ethylene copolymers according to the invention are
copolymers of ethylene and C4-10 o-olefins, preferably
copolymers of ethylene and C4-10 a-olefins (when bﬁtene-l is
used as a comonomer, an O-olefin of 6 to 10 carbon atoms is
always used together), and more preferably copolymers of

20 ethylene and C6-10 c-olefins. The C4-10 o-olefins
copolymerized with éthylene include 1-butene, 1-hexene,
4-methyl-l-pentene, 1-octene and l-decene.

[0320]

The ethylene copolymers of the invention have the
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following prpperties (I) to (VI).
[0321]

{I) The melt flow rate (MFR) is in the range of 0.1 to

100 g/10 min, preferably 1.0 to 50 g/10 min, and more preferably
S 4 to 30 g/10 min.
[0322]

With the melt flow rate (MFR) being 0.1 g/10 min or above,
the ethylene copolymers show a shear viscosity which is not
excessivelf high and permits excelient processability. With

10 the melt flow rate {MFR) being not more than 100 g/1C min, the
ethylene copolymers shéw good tensile strength or heat seal
strength. |
{0323.]

The melt flow rate (MFR) is heavily dependent on the

15 molecular weight. In detail, the smaller the melt flow rate
(MFR), the higher the molecular weight, and the larger the melt
flow rate {MFR}, the lower the molecular weight. The molecular
weight of ethylene copolYmers is known to be determined by the
composition ratio of hydrogen and ethylene (hydrogen/ethylene)

20 present in the polymerizatién.system (for example, “CATALYTIC
OLEFIN POLYMERIZATION”, edited by Kazuo Soga, et al., KODANSHA
SCIENTIFIC, 1990, p. 376). The melt flow rate (MFR) of the
ethylene copolymers may be controlled by increasing or

decreasing the hydrogen/ethylene ratio.

wpl e e
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[0324]

(II) The density (d) is in the range of 875 to 936 kg/m?,
preferably 885 to 930 kg/m®, and more pfeferably 903 to 930 kg/m*.
When the density (d)-is 875 kg/m’ or above, the ethylene

5 copolymers can give films having low surface tackiness. When
the density (d) is not more than 936 kg/m®, the ethylene
copoiymers show good mechanical strength such as heat seal
strength and pack breakage strength.

[0325]

10 The density is dependent on the a-olefin contént in the
ethylene copolymers. The lower the o-oclefin content, the
higher the density, and the higher the o-olefin content, the
l.ower the density. The a-olefin content in ethylene copolymers
is known to be determined by the composition ratioc of g-olefins

15 and ethylene (d-olefins/ethylene) present in the
polymerizationsystem{forexampie,WalterKﬂminsky,Makromol.
Chem. 193, p. 606 (1992)). Accordingly, the ethylene
copolymers that have auﬂenéity in the aforementioned range may
be produced by increasing or decreasing the -olefin/ethylene

20 ratio.

[0326]

(III) The ratio [MT/n* (g/Poise)} is in the range of 2.50

¥ 10™* to 5.00 x 10?, preferably 2.50 x 10™* to 7.00 x 107%, and

more preferably 3.00 x 10™* to 5.00 x 10°* wherein [MT (g)] is
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the melt tension and [n* (Poise)] is the shear wviscosity at
200°C and an angular velocity of 1.0 rad/sec.
[0327]

With MT/n*.being not less than 2.50 x 107*, the ethylene
copolymers have aéceptable neck-in.
[0328] |

(IV) The total of methyl branches [A (/1000 C)] and ethyl
branches EB(/IOOOC)],{(A%-B)(/1000C)},accordingto“jc—NMR
is not more than_l.8, preferably not more than 1.3, more

preferably not more than.O.B, and still more preferably not

- more than 0.5. The numbers of methyl branches and ethyl

15

20

branches in the invention are defined to be per 1000 carbon
atoms as will be described later.
[0329] |

If the ethylene copolymers have short-chain branches such
as methyl branches and ethyl branches, the short-chain branches
are incorporated in the crystal and the crystal plane spacings
are enlarged, resulting in lowered mechanical strength of the
resins (for example, KOUBUNSHI NO JUMYQOU YOSOKU TO CHOUJUMYQUKA
GIJUTSY (LIFETIME PREDICTION OF POLYMERS AND LIFETIME
BXTENDING TECHNOLOGY), edited by Zenjiro Osawa, et al., NTS,
2002, p. 481). Good mechanical strength of the ethylene
copolymers is ensured when the total number of methyl branches

and ethyl branches (A + B) is not more than 1.8.
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[0330]
The number of methyl branches and ethyl branches in the

ethylene copolymers is greatly dependent on how the ethylene

.copolymers are produced. Ethylene copolymers obtained by

high-pressure radical polymerization have a larger number of
methyl branches and ethyl branches than ethylene copclymers
cbtained by Ziegler-catalyzed coordination polymerization.
Inthecasecﬁfcoordinationpolymerizétion,thenumberofn@thyl
branches and ethyl branches in the ethylene copolymers is
greatiy dependent on the composition ratios among propylene,
1~buteneauuiethylene(propylene/ethyléne,1~butene/ethylene)
in the polyﬁerization system. Accordingly, the total number
of methyl branches and ethyl branches (A + B) in the ethylene
copolymers may be controlled by increasing or decreasing the
l-butene/ethylene ratio.
[6331]

(V) The zero-shear viscosity at 200°C [no (P)] and the
weight average molecular weight (Mw) measured by
GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below:

{0332]

0.01x10™ Mw™ S 45010 ™ — (B

[0333]

preferably satisfy Equation (Eg-2) below:
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00510 0w <0, 450410 - (B

more preferably satisfy Egquation (Eg-3) below:

5 [0336]

0.10¢10° XM S, 35010 ™" -~ [

[0337]
and particularly preferably satisfy Equation (Eg-4) below:

[0338]

015410 Mw** Sy SLY010™ ™ - (Bt

[0339]

10

_Acco#ding to literature (C. Gabriel, H. Munstedt, J.
Rheol., 47(3), 619 (2003)), when the zero-shear viscosity [N

(P)] 1s double-logarithmically plotted against the weight
15 average molecular weight (Mw}, the zero-shear viscosity is in
accordance with the 3.4 power law for resins such as long-chain
branch-free, linear ethylene copo.lymers in which elongation
viscosity does not show strain hardening characteristics, but
the zero-sheay viscosity [Ny {P)] is lower than the power law
20 for regins such as high-pressure low-density polyethylenes in

which elongation viscosity shows strain rate hardening
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characteristics. When the zero-shear viscosity [n, (P)] at
200°C is not more than 4.50 x 107" x Mw®*, the elongation
viscosity of the ethylene copolymers shows strain rate
hardening characteristics and conseqguently the ethylene
copolymers do not cause take-up surge.

[0340]

That the ethylene copolymers satisfy Equation (BEg-1)
above is synonymous with that log({n,) and log(Mw) that are
obtained by double-logarithmically plotting My and Mw of the
ethylene copolymers meet Equation (Eg-1’) described below:
[0341]

3.4log(Mw) - 15.0000 <€ log(my) < 3.4log(Mw) - 12.3468

(Eg-1")

(VI) The molecular weight at the maximum weight fraction
(peak top M) in a molecular weight distribution curve obtained
by GPC is in the range of 1.0 x 10*%° to 1.0 x 10%°°, preferably
1.0 x 102 to 1.0 x 10*%°, and more preferaﬁiy 1.0 x 10%3% o
1.0 x 10%4°.

[0342]

Themechanicalstrengthofethylenecopolymersisgreatly
affected by low molecular weight components. The presence of
low molecular weight components increéses molecular terminals
that are considered to be an origin of breakage, leading to

lowered mechanical strength (“Polyethylene Gijutsu Dokuhon
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(Polyefhylene Technology Reader)”, edited by Kézuo Matsuura
and Naotaka Mikami, Kogyo Chosakai Publishing, Iné., 2001, p.
45) . When the moleculéx‘weighz at the maximuﬁtWeight fraction
(peak top M) inaimolecular'weight distribution curve obtained
by GPC is not less than 1.0 x 10*?°, the ethylene copolymers
contain a small amount of low molecular weight components
adversely affecting mechanical strength and thus achieve
excellent mechanical strength.

[0343]

- The molecular weight at the méiimum weigilt fraction {peak
top M) in a molecular weight distribution curve obtained by
GPC is known to be determined by the composition ratio of
hydrogen énd ethylene (hydrogen/ethylene) present in the
polymerization system (for example, “CATALYTIC OLEFIN
POLYMERIZATION”, edited by Kazuo Soga, et al., KODANSHA
SCIENTIFIC, 1990, p. 376). The molecular weight at the maximum
weight fraction (peak top M) in a meolecular weight distribution
curve may be controlled by increasing or decreasing the
hydrogen/ethylene ratio.

[0344]

Ethylene polymers (iv)

The ethylene homopolymers or copolymers according to the
invention are homopolymers of ethylene or copolymers of

ethylene and C3-10 c-olefins, preferably copolymers of
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ethylene and C4-8 a-olefins, and more preferably copolymers
of ethylene and C4-6 o-olefins. The €3-10 a-olefins
copolymerized with ethylene include Prepylene, I-butene,
lwhex-ene, 4-methyl-l-pentene, l-octene and 1-decene.
[0345]

The ethylene polymers of the invention have the following

properties (I) to (V).

| [0346]

(I) The ratioc [Mye.ec/Ms11] is in the range of 0.30 to 1.00,
preferably 0.30 to 1.00, and more preferably 0.70. to 1.00
wherein Mue.g: 1S the content (mol%) of methyl branches and ethyl
branchesg according to “*C-NMR and Mai1 is the content (mol%) of
all the branches according to 2C-NMR. With Mue,.zt/Ma11 being
0.30 or above, the ethylene polymers have an appropriately weak
heat seal strength and thus have easy-opening properties.
[0347]

Branch structures in the ethylene polymers are mostly
formed by the copolymerization of ethylené with o-olefing.
Methyl branches result from copolymerization with propylene
as an o-olefin, ethyl branches from copolymerization with
l1-butene, butyl branches from copolymerization with 1-hexene,
isobutyl branches from copolymerization with
4-methyl-1-pentene, hexyl branches from copolymerization with

l-octene, and octyl branches from copolymerization with
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l-decene.
[0348]

The branch structures in the ethylene polymers may be
quantitatively determined by **C-NMR as will be described later.
However, because branch-structures longer than hexyl branches
cannot be separated and quantified individually by ¥C-NMR,
branch structures longer than hexyl branches are
guantitatively determined as a total of such long branch
structures. The Mye.s:/Ma11 15 substantially determined by the
composition ratio ¢f C3-4 @-olefins and C3-10 a-olefins
{C3.4/Ca.10) present in the polymerization system. Accordihgly,
the ethylene polymers having MM&gt/Man_in the above faﬁge may
be obtained by increasing or decreasing the C;-4/Ci.ip ratio.
[0349]

(IT) The melt flow rate (MFR) isg in the range of 0.1 to
100 g/10 min, preferably 1.0 to 50 g/10 min, and more preferably
4 to 30 g/10 min. With the melt flow rate (MFR) being 0.1 g/10
min or above, the ethylene poiymers show a shear viscosity which

is not excessively high and permits excellent processability.

_With the melt £low rate (MFR) being not more than 100 g/10 min,

the ethylene polymers show good tensile strength or heat seal
strength,
[0350]

The melt flow rate {(MFR) 1is heavily dependent on the
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molecular weight. In detail, the smaller the melt flow rate
(MFR), the higher the molecular weight, and.the larger the melt
flow rate (MFR), the lower the molecular weight. The molecular
weight of ethylene polymers is known to be determined by the
composition ratio of hydrogen and ethylene (hydrogen/ethylene)
present in the polymerization system (for example, “CATALYTIC

OLEFIN POLYMERIZATION", edited by XKazuo Soga, et al., KODANSHA

- SCIENTIFIC, 1990, p. 376). The melt flow rate (MFR) of the

ethylene polymers may be controlled by increasing or decreasing
the hydrogen/ethylene ratio. |
[0351]

(ITII) The density {(d) of the-ethylene homopolymers or
copolymérs of the invention is in. the range of 875 to $70 kg/m?,
preferably 885 to 945 kg/m’, and more preferably 900 to 936 kg/m?,
When the density (d) is 875 kg/m>® or above, the ethylens polyzﬁers
can give films having low surface tackineés. When the density
(d) is not more than 970 kg/m®, the ethylene polymers show good
low-temperature sealing propertieg.

[6352]

The density is dependent on the a-olefin content in the
ethylene polymers. The lower the a-olefin content, the higher
the density, and the higher the o-olefin cgntent, the lower
the density. The o-olefin content in ethylene polymers is

known to be determined by the composition ratio of g-olefing
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and ethylene (a-olefins/ethylene) present in the
polymerization system (for example, Walter Kaminsky, Makromol.
Chem. 193, p. 606 (1992)). Accordingly, the ethylene polymers
that have a density in the aforementioned range may be produéed
5 by increasing or decreasing the amolefin/ethylene ratio.
[0353]
(IV) The ratio [MT/n* (g/Poise)] .is in the.range of 1.50
% 107 £o 9.00 x 107%, preferably 2.00 x 10™* to 7.00 x 107*, and
more preferably 2.60 x 107 to 5.00 x 107, wherein MT (g)] is
10 the melt tensioﬁ and [n* {(Poise)] is the shear viscosity at
200°C and an angular veloéity of 1.0 rad/sec. With MT/n* being
not less than 1.50 x 107%, the ethylene pélymers have acceptable
neck-in. With MT/n* being not more than 9.00 x 107*, the
ethylene polymers show good extendability.
| 15 (V) The zero-shear viscosity at 200°C {ne (P)]l and the
weight average molecular weight (Mw) measured by |
GPC-viscometry (GP{f—VISCO} satisfy Equation (Eg-1l) below:

[0354]

D010 ™Sy 450000 - (B

20 [0355]
preferably satisfy Eguation (Eg-2) below:

[0356]
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0.05+10™Mw* <7, 45010 ™ - B

[0357]
more preferably satisfy Equation (Eg-3) below:

[0358]

01010 S0, 35000 ™ (B¢

[0359]
and particularly preferably satisfy Eguation (Eg-4) below:

[0360]

01510 < 18010 0™ - (B4

10 [0361]
According to literature (C. Gabriel, H. Munstedt, J.

Rheol., 47(3), 619 (2003)), when the zero-shear viscosity [N,
(P)] is double-logarithmically plotted against the weight
avérage molecular weight (Mw), the zero-shear viscosity is in

15 accordance with the 3.4 power law for resins such as long-chain
branch-free, linear ethylene polymers in which elongation
viscosity does not show strain hardening characteristics, but
the zero-shear viscosity [N (P)] is lower than the power law
for resins such as high-pressure low-density polyethylenes in

20 which eiongétion viscosity shows strain rate hardening

characteristics. When the zero-shear viscosity [n, (P)] at



17-q *xa *disco 15 0.0003 TL'T 8'01 1891 L89 StrZ 6-q*lca-dwoD 1-XS OZO'09'EC WIT
9Z6 E'ST E'E 90'0 ZO8Z C-Fl*xa *dwo3'EH 1000

160

200°C ig not more than 4.50 x 10 x Mw®'*, the elongation

viscosity of the ethylene polymers shows strain rate hardening
characteristics and consegquently the ethylene pelymers do not
cause take-up surge.

5 [0362]

That the ethylene polymers gatisfy Equation' (Eq—l) above
is synonymous with that log(n.) and log(Mw) that are obtained
by double—logarithmiéally plofting No and Mw of the ethylene
polymers meet Equation (Eg-1’) described below:

10 [0363] |

3.41log(Mw) - 15.0000 £ log{me) £ 3.4log(Mw) - 12.3468

(Eg-17)

In a preferred embodiment ,. the ethylene polymers of the
invention further have the following property (VI).

15 [0364]

(VI) The molecular weight at the maximum weight fraction
(peak top M) in a molecular weight distribution curve obtained
by GPC is in the range of 1.0 x 10*?® to 1.0 x 10*°°.

- [0365]

20 The mechanical strength of ethylene polymers is greatly
affected by low molecular weight components. The presence of
low molecular weight components increases molecular terminals
that are considered to be an origin of breakage, leading to

lowered mechanical strength (“Polyethylene Gijutsu Dokuhon
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{Polyethylene Technology Reader)”, edited by Kazuo Matsuura

and Naotaka Mikami, Kogyo Chosakai Publishing, Inc., 2001, p.
45} . When the moleculai'weight at the maximum weight fraction
{(peak top M) ine;molecular'weight distribution curve obtained
by GPC isnot less than 1.0 x 10%2°, the ethylene polymers contain
a small amount of low molecular weight components adversely
affecting mechanical strength and thus achieve excellent
meéhanical strength.
[0366]

| The molecular weight at the maximum weight fraction in
a molecular weight distribution curve obtained by GPC is known
to be determined by the composition ratio of hydrogen and
ethylene {(hydrogen/ethylene) present in the polymerization
system(forexample,“CATALYTICOLEFINE@LYMERIZATION”,edited
by Kazuo Soga, et al., KODANSHA;SCIENTIFIC, 1980, p. 376). The
molecular weight at the maximum weight fraction in a molecular
weight distribution curve may be controlled by increasing or
decreasing the hydrogen/ethylene ratio.
[0367]

Treatment methods and applications of ethylene polymers

To reduce variations in properties, particles of the

ethylene polymers obtained by the polymerization processes,

and other optional components may be molten, kneaded together

and pelletized by appropriate methods.

K-q *xa
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(03687
The ethylene pelymers of the inventionmay be blended with
other thermoplastic resins te give thermcplastic resin
compositions that have excellent processability and high
5 mechanical strength. The blending ratic of the ethylene
polymer and other thermoplastic resins may be in the range of
99.9/0.1 to 0.1/99.9.
[0369]
Examples of other thermoplastic resins include
10 c¢rystalline thermoplastic resins such as polyclefins,
polyamides, polyesters and polvacetals; and amorphous
thermoplastic resins such as polystyrenes,
acrylonitrile/butadiens/styrene {(ABS) copolymers,
polycarbonates, polyphenylene oxides and polyvacrylates.
15 Polyvinyl chloride may also be preferably used.
(03701
The polyolefins include ethylene polymers, propylene
polymers, butene polymers, 4-methyl-l-pentene polymers,
3-methyl-l-butene polymers and hexene polymers. Inparticular,
20 ethylene polymers, propylene polymers and 4-methyl-l-pentene
polymers are preferred, The ethylene polymers herein may be
the ethylene pclymers according to the invention or may be
conventional ethylene polymers or ethylene/polar

group~containing vinyl copolymers, and preferably
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conventional ethylene.polymers.
[0371]
The polyesters include aromatic polyesters such as
polyethylene terephthalate, polyethylene naphthalate and
5 polybutylene terephthalate; polycaprolactone and
_polyhydroxybutyrate. |
[0372]
The polyamides include aliphatic polyamides such as
Nylon-6, Nylon-66, Nylon-10, Nylon-12 and Nylon-46, and
10 aromatic polyamides produced from aromatic dicarboxylic acids
and aliphatic.diamines.
[0373]
The polyacetals include polyformaldehyde
(polyoxymethylene), pelyacetaldehyde, pelypropionaldehyde
15 and polybutylaldehyde. Of these, polyformaldehyde is
particularly preferred.
[0374]
The polystyrenes include styrene homopolymers and binary
copolymers of styrene with acrylonitrile, methyl methacrylate
20 or o-methylstyrene.
[0375]
The ABS copolymers preferably contain 20 to 35 mol% of
structural units derived from acrylonitrile, 20 to 30 mol% of

structural units derived from butadiene, and 40 to 60 mol% of
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strucﬁural units derived from styrene.
[0376]

The polycarbonates include polymers obtained from
bis {4-hydroxyphenyl)methane, 1,1-bis{4-hydroxyphenyl)ethane,
é,z—bis(4~hydroxyphenyl)§ropane and
2,2-bis{4-hydroxyphenyl}butane. In particular,
polycarbonates obtained front2,2;bis(4~hydroxyphenyl)propane
are preferred.

[0377]

Preferred examples of the polyphenylene oxides include
poly(2,6-dimethyl-1,4-phenylene oxide).
[0378] |

Preferred examples of the polyacrylates inclpde
polymethyl methacrylate and pelybutyl acrylate.
[0379]

The thermoplastic resins may be used singly, or two or
more kinds may be used in combination. Of the thermoplastic
resins, the polyolefins are particularly preferable, and
ethylene polymers are still more preferable.

[0380]

The ethylene polymers may contain additives in addition
to the above thermoplastic resins while still achieving the
objects of the inﬁention. Exemplary additives are weathering

stabilizers, heat stabilizers, antistatic agents, anti-slip
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agents, anti-blocking agents, anti-fogaing agents, lubricénts,
pigments, dyes, nucleating agents, plasticizers, anti-aging
agents, hydrochloric acid absorbers and antioxidants.

[0381]

The ethylene polymers of the invention, aﬁd the
thermoplastic resin compositions containing the ethylene
polymers may be processed with good processability into
articles having excellent mechanical strength. Preferred
shaped articles are films, and laminate films including the
films are more preferred..

[0382]

The ethylene polymers of the invention, and the
thermoplastic resin compositions containing the ethylene
polymers may be processed by usual film-forming processes,
sheet-forming processes, blow meolding processes, injection
molding processes or extrusion processes. The film-forming
proceéses include extrusion lamination, T-die extrusion and
blown-£film extrusion (air cooling, water cooling, muitistage
cooling, high-speed processing). The films thus obtained may
be used individually or may be used as multilayer structures
having various functions. Such multilayer structures may be
produced by co-extrusion according to the shaping methods
described above. Alternatively, the films may be laminated

with paper or barrier films (such as aluminum foils, deposited
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films angd coating films) that éré not sﬁited for co-extrusion,
by laminating processes such as extrusion laminating processes
or dry laminating processes. Multilayer structures having
higher functions may be manufactured by co-extrusion according

5 to blow molding processes, injection molding.processes or
extrusion processes similar to the co-extrusion according to
film-forming processes.
[0383]

The ethylene polymers of the invention, aﬁd the

10 thermoplastic resin compositions containing the ethylene
polymers may be shaped into articles such as films, sheets,
blow;moldedinfusionbags,blow-moldedtmttles,gasolinetanks,
extruded tubes or pipes, tear caps, injection molded articles
including everyday goods, fibers, and large articles

15 manufactured by rotational molding.
[0384]

The ethylene polymers of the invention, and the
thermoplastic resin compositions containing the ethylene
polymers may be processed into films that are suitably used

20 as water con;ent packaging bags, liquid soup packages,
liquid—péckaging paper containers, laminate raw fabrics,
special—shapedliquid;mckagebags(sudnasstandingpouches),
standardizedbags,heavy—dutybags,wrappingfilms,sugarbags,

oil content packaging bags, various packaging films such as
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food packaging films, protective filmse, infusion solution bags
and agricultural materials. The films may be laminated with
bases such as nylon films, polyester films or polyeclefin films
for use as multilayer films.

[0385]

[Examples]

Thé present invention will be described in detail
hereinbelow based on examples without limiting the scope of
the invention. Préperties were measured in thege examples by
the methods as described in the description.of the ethylene
polymers (i) to (iv).

(1) Synthesis of bridged metallocene compounds of Formula [1],

and olefin polymerization processes using olefin

polymerization catalysts (a)

[Synthetic Example 1]
[Synthegis of dimethyléilylene(cYclopentadienyl)
(3-ethylcyclopentadienyl)zirconium dichloride (Al)]

(Step 1) synthesis of chloro(cyclopentadienyl)dimethyisilane

THF in a volume of 100 ml was added to 14.3 g (110 mmol)
ofdimethylsilyléichloride,andthemixturewascooledto~78°C.
A 2 M THF solution of sodium cyclopentadiene in a volume of
38.7 ml (77.4 mmol) was added thereto dropwise over a period
of 30 minutes, and thé temperature was gradually increased.

The mixture was stirred at room temperature for 24 hours, and
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wasg coﬁcentrated under reduced pressure. Insolubles were
removed by filtration. The filtrate was washed with hexane,
land the hexane was distilled away from the filtrate under
reduced pressure, thereby obtaining
chloro{cycleopentadienyl)dimethylsilane. The compound was
used in the next step.

[0386]

(Step 2) synthesis of (3-ethylcyclopentadienyl)

(cyclopentadienyl)dimethylsilane

Ethylcyclopentadiene in an amount of 7.52 g (80 mmol) was
dissolved in 100 ml of THF, and the solution was cocled to -78°C.

A 1.58 M hexane solution of n-butyllithium in a volume of 56

‘ml (92 mmol) was added thereto dropwise. The mixture was

stirred at room temperature for 2 hours and was added dropwise
to 50 ml of TEF containing 110 mmol of the
chloro(cyclopentadienyl)dimethylsilane at -78°C. The
remperature was gradually increased, and the mixture was
stirred at room temperature for 24 hours and was concentrated
under reduced pressure. Inéolublaswereremovedknrfiltration.
The filtrate was washed with hexane and was distilled under
reduced pressure. The distillate was subjected to silica gel
column chromatography, and 0.86 g of
(3-ethylcyclopentadienyl) {cyclopentadienyl)dimethylsilane

was obtained. The compound was identified by GC-MS. GC-MS:



GPC Mw 86200 70100 78300 76000 Mn 15200 10600 12200 14700 Mw/Mn 5.7 6.6 6.4 5.2
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216 (MS).

(Step 3) synthesis of dimethylsilylene(cyclopentadienyl)

(3—ethylcyclopentadienyl)zirconium dichloride (A1)

The dimethyisilyl(cyclopentadienyl)

5 (3-ethylcyclopentadienyl) in an amount of 0.90 g (3.9 mmol)
.was'dissolved in 40 ml of diethyl ether, and the solution was
cooled to -78°C. A 1.57 M hexane solution of nvbutyllithium
in a volume of 5.09 ml (8.0 mmol) was added thereto dropwise.
The temperature was gradually increased, and the mixture was

10 stirred at room temperature for 24 hours and was-concentrated
under reduced pressure. The concentrate was washed with 13 ml
ofhexanethreefimes. Theresultahtwhitesolidwassuspended
in 50 ml of hexane. To the suspension, 820 mg (3.5 mmol) of
zirconium tetrachloride was added at -78°C. The temperature

15 was gradually increased, and the mixture was stirred at room
temperature for 24 hours. The mixture was then filtered and
washed with hexane to remove insolubles. The filtrate was
concentratedunderreducedpressureandwasvmshedwithpentane.
The resultant solid was dried under reduced pPressure to give

20 210 mg of dimethylsilylene(cyclopentadienyl)
(3-ethylcyclopentadienyl)zirconium dichloride (A1) (yield:
14%). The compound was identified by 'H-NMR and FD-MS.
[0387]

'H-NMR (CDCls;, based on TMS): 7.1-6.9 (m, 2H), 6.6 (s,
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1H), 6.0-5.8 (m, 3H), 5.5 (s, IH), 2.6 (m, QH), 1.2 (t, 3H),

0.8-0.7 ppm (d, 6H); FD-MS: 376 (MS)

[Synthetic Example 2]

[Synﬁhesis of dimethylsilylene(3—n—propylcyqlopentadienyl)
5 {cyclopentadienyl) zirconium dichloride (A2)]

(step 1) synthesis of chloro(cyclopentadienyl)dimethylsilane

THF in a volume of 100 ml was added to 14.3 g (110 mmol)
ofdimethylsily}dichloriae,andthemixturewascooledtof78°c.
:\ 2.M THF solution of sodium cycleopentadiene in a volume of
10 38.7 ml (77.4 mmol) was added thereto dropwise over a period
of 30 mihutes, and the temperature was gradually increased.
The mixture was stirred at room temperature for 24 hours, and
was concentfated‘under reduced presgsure. Sodium chloride was
removed by filtration. The filtrate was washed with hexane,
15 and the hexane was distilled away from the filtrate undex
reduced pressure, thereby obtaining
chloro(cyclopentadienyl)dimethylsilane. The compound was
used in the next step.
[0388]

20 (Step 2) synthesis of dimethylsilyl

(3-n-propylcyclopentadienyl) (cyclopentadienyl)

THF in a volume of 100 ml was added to 2.16 g (20 mmol)
of n-propylcyclopentadiene, and the mixture was cooled to -78°C.

A 1.57 M hexane soluticn of n-butyllithium in a volume of 13.3
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ml (22 mmol) was slowly added thereto dropwise. The mixture
was stirred at room temperature for 3 hours. The reactor was
cooled again to -78°C, and 3.97 g (25 mmol) of the
chloro(cyclopentadien&l)dimethylsilane dissolved in 20 ml of
5 THF was added dropwise to the reactor. The mixture was stirred
at room temperature for 18 hours, and the completion of the
reaction was confirmed by TLC. Water was added at 0°C to
terminate the reaction. The reaction liquidwas extracted.with
hexane. The organic layer was washed with a saturated saline
10 solution, was dried over magnesium sulfate, and was filtered.
The filtrate was concentrated under reduced pressﬁre. .The
conéentrate was pufified by silica gel column chromatography
(solvent: hexane/triethylamine = 98/2 (v/v)) and.diétillation
under reduced pressure to give 1.73 g of dimethylsilyl
i5 (3un—propylcyclopentadienyl)(cyclcpentadienyl) (vield: 38%).
The compound was identified by 'H-NMR and GC-MS.
[0389]
H-NMR (CDCls, based on TMS): 7.0-6.0 (br, 7H), 3.0 {s,
1E), 2.9 (s, 1H), 2.3 (m, 2H), 1.6 (m, 2H) 0.9 (¢, 3H), 0.1
20 {(t, 3H), -0.2 ppm (s, 3H); GC-MS: 230 (MS)

(Step 3) synthesgis of dimethylsilylene

{3-n-propylcyclopentadienyl) (cyclopentadienyl)zirconium

dichloride (A2)

The dimethylsilyl (3-n-propylcyclopentadienyl)
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(cyclopentadienyl)}) in an amcunt of 0.90 g (3.9 mmol) was
dissolved in 40 ml of diethyl ether, and the sclution was cooled
to -78°C. A 1.57 M hexane solution of n—bqtyllithium in a
volume of 5.09 ml (8.0 mmol) was added thereto dropwise. The
temperature was gradually inéreased, and the mixture was
stirred at room temperature for 24 hours and was concentrated
under reduced pressure. The concentrate was washed with 13 ml
of hexane three times. The resultant white solid was suspended
in 50 ml of hexane. To the suspension, 820 mg (3.5 mmol). of
zirconium tetrachloride was added at —78°C. The temperature
was gradually increased, and the mixture was stirred at room
temperature for 24 hours. The mixture was then filtered and
washed with hexane to remove salts. The filtrate was
concentrated under reduced pressure and was washed with pentane.
The resultant solid was dried under reduced pressure to give

210 mg of dimethylsilylene(3-n-propylcyclopentadienyl)

(cyclopentadienyl) zirconium dichloride (A2) (yield: 14%).

The compound was identified by 'H-NMR and FD-MS.
[0390]

'H-NMR (CDCl;, based on TMS): 7.1-6.9 (m, 2H), 6.6 (s,
H), 6.0-5.8 (m, 3H), 5.5 (g, 1H), 2.6 (m, 2H), 1.5 (m, 2H),
0.9 (t, 3H), 0.8-0.7 ppm (4, 6H); FD-MS: 388 (MS)
[Synthetic Example 3]

[synthesig of dimethylsilylene{cyclopentadienyl)
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(3-n-butvlcyclopentadienyl)zirceonium dichloride (AZ)]

{(Step 1) synthesis of (3-n-butylicyclopentadienyl)

chlorodimethylsilane

THF in a volume ¢f 20 ml was added te 30.1 g (1.5 rmmmol)
of a 25 wit% THF solution of butylcyclopentadiene, and the
mixture was cooled to 0°C. A 1.52 M hexane solution of
n—bgtyllithium in a volume of 38.4 ml (58.4 mmol) was added
thereto dropwise. The mixture was stirred at room temperature
for 2 hours and was added dropwise to 50 ml of THF containing
14.3 g (110 mmol) of dimethylsilyl dichloride at -78°C. The
température was gradually increased, and the mixture was

stirred at room temperature for 24 hours and was concentrated

under reduced pressure. Insolubles were removed by filtration.

The filtrate was washed with hexané and was distilled under
reduced pressure, thereby obtaining 8.0% g of
(3-n-butylcyclopentadienyl)chlorodimethylisilane (yieid:
64%;. The compound was identified by GC-MS., GC-MS: 214 (MS).

(Step 2) synthesis of dimethylsilyl

(3-n-butylcyvclopentadienyl) {cycliopentadienyl)

THF¥ in a volume of 50 ml was added to 8.8 ml (146.6 mmol)
of a 2 M THF solution of sodium cyclopentadienide, and the
mixture was cooled to ~78°C. The
{Z-n-butylcyclopentadienvl)chlorodimethylsilane in an amount

of 1.89 g (8.8 mmol} was dissolved in 20 ml of THF, and the
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sclution was added dropwise to the reactor. The mixture was
stirred at room temperature for 2 hours and at 50°C for 2 hours.
The completion of the reaction was confirmed by TLC, and water
was added at 0°Cto terfninate the reaction. The reaction liquid
5 was extracted with hexane. The organic layer was washed with
a saturated saline solution, was dried over magnesium sulfate,
and was filtered. The filtratelwas concentrated under reduced
pressure. The concentrate was distilled under reduced
pressure to give 1.07 gl of dimethylsilyl
10 (3-n-butylcyclopentadienyl) (cyclopentadienyl) (yield: 50%).
The compound was identified by *H-NMR and GC-MS.
[0391]
'H-NMR (CDCl;, based on TMS): 7.0-6.0 (br, 7H), 3.2 (d,
18), 2.9 (4, 1E), 2.3 (t, 2H), 1.4 (m, 4H), 0.9 (¢, 3H), 0.1

15  (t, 3H), -0.2 ppm (s, 3H); GC-MS: 244 (MS)

(Step 3) synthegis of dimethylsilylene(cyclopentadienyl)

{(3-n-butyleyelopentadienyl) zirconium dichloride (A3)

The dimethylsgilyl (3-n-butylcyclopentadienyl})
{cyclopentadienyl) in an amount of 0.58 g (2.38 mmol) was
20 dJdissolved in 30 ml of diethyl ether, and the sclution was cooled
to -78°C, A 1.57 Mn-BuLi sclution in a volume of 3.16 ml (4.99
mmol) was added thereto dropwise. The temperature was
gradually increased, and the mixture was stirred at room

temperature for 24 hours and was concentrated under reduced
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pressure. The concentrate was washed with ¢ ml of hexane three
times. The resultant white solid was suspended in 60 ml of
hexane. Tc the suspension, 500 mg (2.15 mmol) of zirconium
tetrachloride was added at -78°C. The temperature was

5 gradually increased, and the mixture was stirred at room
temperature for 24 hours. The mixture was then filtered and
washed with hexane to remove salts. The filtrate was
concentrated under reduced pressure to give 510 mg of a crude
purified product. The crude product was washed with diethyl

10 ether and pentane, and the sclid obtained was dried under
reduced pressure to give 190 mg of
imethylsilylene{cyclopentadienyl)
(3—n—butylcyclopentadienyl)zirconiunidichloride {A3) (yield:
20%). The compound was identified by *H-NMR and FD-MS.

15 0392

'"H-NMR (CDCl;, based on TMS): 6.9 (d, 2H), 6.6 (s, 1H),

5.9 (¢, 3H), 5.5 (s, 1H), 2.6 {(m, 2H}, 1.4 (m, 2H), 1.3 (m,
2H), 0.9 (t, 3H), 0.8 pom (m, 3H); FD-MS: 404 (MS)
[Synthetic Example 4]

20 [Synthesis of dimethylsilylene{cyclopentadienyl)
(3-n-octvylcyclopentadienyl)zirconium dichloride (R4)]

{(Step 1) synthesis of n-octylcyclopentadiene

THFE in & volume of 100 ml was added to 50 ml (100 mmcl)

of a 2 M THF solution of scdium cyclopentadienide, and the
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mixture was cooled to -78¢C. A THF sclutionocf18.3 g (100 mmol)
of l-bromooctane was added thereto dropwisé. Further, 11.4 g
{100mol}of1,3~dimethy1-2—imiéazolidinonewasaddeddxopwise,
The mixture was stirred at -78°C. The mixture was I{urther
stirred atlroou\temperature for 24 hours and was cooled to 0°C.
The reaction was terminated by adding 1 N hydrochloric acid,
and hexane was added to the reaction liguid. The organic layer
was washed with a saturated agueous soéium.hydrogen,carbonate
solution and theﬁ with & éaturated agqueous sodium chloride
soiution. The organic iayer was dried.ovex“magnesiUHisulfate,
wasfiltered,andwasconcéntratedunderreducedpressﬁre. The

concentrate was purified by distillation under reduced

pressure to give 6.7 g (37.5 mmol) of target

n-octylcyclopentadiene. The compound was identifiedby GC-MS.

GC-MS: 178 (MS).

(Step 2) synthesis of dimethvlsilyl (cyclopentadienyl)

EB—n~octylcyclopentadienyl)

THF in a volume of 100 ml was added to 5.34 g (30 mmol)
of the n-octylcyclopentadiene, and the mixture was cooled to
~78°C. A 1.58 M hexane sclution of n-butyllithium in a volume
of 18.9 ml {30 mmol) was added thereto dropwise. The mixture
was stirred at room temperature for 2 hours and was added
dropwise to 50 ml of THF containing 14.3 g (110 mmol)} of

dimethylgilyl dichloride at -78°C. The temperature was
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gradually increased, and the.mixture was stirred at room
temperature for 24 hours. The mixture was concentrated under
reduced pressure, and insolubles were removed by filtration.
The filtrate was washed with hexane, and the hexane was
distilled away from the filtrate under reduced pressure,
thereby obtaining
chlorodimethyl(3*n—octylcyclopentadienyl)silane. The
compound was identified by GC-MS. Thereafter, 100 ml of THF
was added to the reactor, and the temperature was lowered to
-78°C. A 2 M THF solution of sodium cyclopentadienide in a
volume of 15 ml (30 mmol) was added dropwise. The temperature
was gradually increased, and the mixture was stirred at room
temperature for 24 hours. After the reaction was confirmed to
haveproceededsufficiently,waterwasaddedatO°Ctoterminate
the reaction. The reaction liguid was extracted with hexane.
The organic layer was washed with a saturated agueous sodium
hydrogen carbonate sclution and then with a saturated saline
solution, was dried over magnesium sulfate, and was filtered.
The filtrate was concentrated under reduced pressure. The
concentrate was.purified by silica gel column chromatography
(solvent: hexane/triethylamine = 98/2 (v/v)) to give 3.5 g of
dimethylsilyl(cyclopentadienYl){3-n~octylcyclopentadienyl)
(yield: 39%). The compound was identified by GC-MS. GC-MS:

300 (MS).
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(Step 3) synthesis of dimethylsilylene{cyclopentadienyl)

{3—n—octylcyclopentadienyi)zirconium dichloride (A4)

The dimethyisilyl-(cyclqpentadieny}.)
{3—n-octylcyclopentadi.enyl) in an amount of 3.1 g (10 mmol)
5 was dissolved in 80 ml of diethyl etherxr, and the solution was
‘cooled to -78°C. A 1.57 M hexane solution of n-butyllithium
in a volume of 13.1 ml {(20.5 mmol) was added thereto dropwise.
The temperatu.fe was gradually increaséd, and the mixture was
stirred at room temperature for 24 hours and was concentrated
10 under reduced pressure. The concentrate was washed with hexane.
The golid obtained was suspended in 80 ml of hexane.: To the
suspensgion, 1.96 g (8.4 mmol} of zirconium tetrachloride was
added at -78°C. The temperature was gradually increased, and
the mixturé. wag stirred at room temperature for 24 hours. The
15 mixture was then filtered and washed with hexane to remove salts.
The filtrate was concentrated under reduced pressure and was
washed with a solvent mixture consisting of diethyl ether and
pentane. The resultant solid was dried under reduced pressure
to give 240 mg of dimethylsilylene(cyclopentadienyl)
20 (3-n-octylcyclopentadienyl) z:i..rcon:i.um dichloride (yield: 5%).
The compound was identified by *H-NMR and FD—MS.
[0393]
'H-NMR (CDCl;, based on TMS): 7.0 (s, 1H), 6.9 (s, zﬁ),

6.5 (s, 1H}), 5.9-5.8 (m, 3H), 5.5 (s, 1H), 2.7 (m, 2H), 1.5
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(m, 2H}, 1.2 (m, 10H), 0.8 (t, 3H), 0.7 ppm (m, 6H); FDuMS:.
458 (MS)
[Synthetic Example 5]
[Synthesis of dimethylsilylene

5 [3-(4,4,4 -trifluorobutyl) cyclopentadienyl]
(cyclopentadienyl) zirconium dichleride (A5} ]

(Step 1) synthesis of [3—(4,4,4~trif1u0robutyl)]

(cyclopentadienyl) chlorodimethffl silane

THF in a volume of 150. ml was added to 1.5 g (8.5 mmol)
10 of (4,4, 4—trifluorobuty1) cyclopentadiene, and the mixture was
cooled to 0°C. A 1.52 M hexane solution of n-butyllithium in
a volume of 6.2 ml (1.5 mmol) was added thereto dropwise. The
mixture was stirred at room temperature for 2 hours and was
added dropwise to 50 ml of THF containing 0.29 g (2.3 mmol)
15 of dimethylsilyl dichloride at -78°C, The temperature was
gradually increased, and the mixture was stirred at room
temperature for 24 hours to give a transparent solution. The
solution was concentrated under reduced pressure, and
insolubles were removed by filtration. The filtrate was washed
20 with hexane, and the hexane was digtilled away from the filtrate
under reduced pressure. Dimethylsilyl dichloride was removed
by distiliation under reduced pressure. Thereafter, 100 ml of
THF wag added, and the mixture was cooled to -78°C. A 2 M THF

solution of sodium cycliopentadiene in a volume of 4.7 ml (9.4
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mmol) was gradually added dropwise. The mixture was stirred
at room temperature for 24 hours; and water was added at 0°C
to terminate the reacticn. The organic layer was extracted
withhexane,wasdriedovermagnesiumsuifaté,andwasfiltered.
5 The filtrate was concentrated under reduced pressure. The
concentrate was purified by silica gel cclumn chromatography
(solvent: hexane/triethylamine = 98/2 (v/v)) to give 1.5 g of
[3-({4,4,4-trifluorobutyl)}]
(cyclopentadienyi)chlorodimethylsilane. The compound was
10 didentified by GC-MS. GC-MS: 298 (MS).

{Step 2) synthesgis of dimethylsgilylene

[3-(4,4,4-trifluorobutyl)cyclopentadienyl]

{(cyclopentadienyl) zirconium dichloride (AS5)

The [3-(4,4,4-trifluorcbutyl)]

15 {(cyclopentadienyl)chlorodimethylsilane in an amount of 0.69
g (2.3 mmol) was dissolved in 30 ml of diethyl ether, and the
solution was cooled to -78°C. A 1.57 M hexane solution of
n—butyllithhxnhnavolumeof3.0rml(4.8mmol)wasaddedthereto.
dropwise. The temperature was gradually increased, and the

20 mixture was stirred at room temperature for 24 hours. The
mixture was concentrated under reduced pressure, and the
concentrate was washed with 6 ml of hexane three times. The
resultant white scolid was suspénded.in 60 ml of hexane. To the

suspension, 410 mg (1.8 mmol} of zirconium tetrachloride was
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added at -78°C. The temperature was gradually increased, and
the mixture was étirred;at room temperature for 24 hours. The
mixture was then filtered and washed with hexane to remove
inscolubles. The filtrate was concentrated under reduced

5 pressure to givé 30 mg of dimethylsilylene
IBw(4,4,4~trifluorobutyl)cyclopentadiényl}
(cyclopentadienyl)zirconium diéhloride (A5). The compound
was identified by *H-NMR and FD-MS.
[0394]

10 "H-NMR (CDCl;, based on TMS): 7.2-5.5 (m, 7H), 2.6 (m,
2H), 2.3-1.8 (m, 4H), 1.4-0.6 ppm (m, 6H);.FD-MS: 458 (MS)
[Synthetic Example 6]

{Synthesis of dimethylsilylene
(3mbuty§~2,4,S—trimefhylcyclopentadienyl)
15 {cyclopentadienyl) zirconium dichloride (A6)]

{(Step 1) synthesis of 2-butyl-1,3,4-trimethylcyclopentadiene

To a reactor, 259 g of polyphesphoric acid was added. At
40°C, 50.7 g of gec-butyl methacrylate was added dropwise with
stirring. The mixture was stirred for 1 hour. The temperature

20 was increased to 80°C, and the mixture was stirred at the
temperature for 1 minute and was thereafter cooled. The
reaction ligquid was slowly rendered alkaline by addition of
an aqueous sodium hydroxide solution. The reaction liquid was

extracted with hexane and diethyl ether. The organic layer was
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dried over sodium sulfate, was .concentrated under reduced
pressure, and was purified by distillation under reduced
pressure. To 6.8 g of 2,3,5-trimethylcyclopent-Z~enone thus
obtained, 75 ml of diethyl ether was added, followed by cocling

5 to -78°C. A 0.84 M THF solution cof n-butylmagnesium chloride
in a volume of 72 ml was added thereto dropwise over a period
of 25 minutes. The temperature was gradually increased te room
temperature, and the mixture was stirred for 24 hours.
Thereafter, a saturated agueous ammonia chloride solution was

10 added dropwise at -10°C. Themixturewas stirred for 10 minutes,
and a 20% aqueous sulfuricacidsolution was added. The organic
layer was extracted with diethyl ether, was washed with a
saturated agueous sodium hydrogen carbeonate solution, and was
concentrated under reduced pressure. The concentrate was

15 purified by distillation under reduced pressure and silica gel
column chromatography {(solvent: hexane) to give 5.2 g of
Z-putyl-1,3,4-trimethylcyclopentadiene. The compound was
identified by GC-MS. GC-MS: 164 (M3).

{Step 2) synthesis of

20 (Z-butyl-2,4,5~-trimethylcyclopentadienyl)

(cyclopentadienyl)dimethylsilane

THF in a volume of 100 ml was added to 2.6 g {12.9 mmol)
of the 2-butyl-1,3,d-trimethvlcyclopentadiene, and the

mixture was cooled to 0°C. A 1.57 M hexane solution of
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n-butyllithium in a volume of 8.6 ml (13.5 mmol) was added
thereto dropwise. The mixture was stirred at room temperature
for 2 hours. AL -78°C, 50ml of THF containing 2.0 g (15.5 mmol)

of dimethylsilyl dichloride was added dropwise. The

n

temperature was gradually increased, and the mixture was
stirred at room temperature for 8 hours to give a transparent
solution. The solution was concentrated under reduced
pressure, and the concentrate was filtered to remove insclubles.
The filtrate was washed with hexane, and the hexane was
10 distilied away from the filtrate under reduced pressure.
Dimethylsilyl dichloride was removed by distillation under
reduced pressure. Thereafter, 100 mi of THE was added, and the
mixture was cooled to -~78°C. A 2 M THF solution of sodium
cyclopentadienide in a veolume of 4.7 ml (9.4 mmol) was gradually
15 added dropwise. The mixture was stirred at room temperature
for 24 hours, and water was added at 0°C to terminate the
reaction. The organic layer was extracted with hexane, was
washed with a saturated aguecus sodium chloride solution, was
dried over magnesium sulfate, and was filtered. The filtrate
20 was concentrated under reduced pressure. The concentrate was
purified by silice gel column chromatography (solvent:
hexane/triethylamine = 98/2 (v/v)y) to give 4.6 g (16.1 mmol)
of (3-butyl-2,4,5-trimethylcyclopentadienyl)

{cyclopentadienyl)dimethylsilane. The compound was



Cmpnt.(A)/ cmpnt.(B) Molar ratio 80/20 70/30 70/30 70/30 Prepolymerized catalyst component No.
Polymerization conditions Polymer Ethylene/ h(—:-1x8e£1e Ethylene/ hexene Ethylene/

identified by GC-MS. GC-M3: 286 (M3) .

tep 3) synthesis of dimethyvlsilylene

€3]

{

(3-butyl-2,4,5-trimethylcyclopentadienyl)

(cyclopentadienyl)zirconium dichloride (AB)

5 The (3-butyl-2,4,5-trimethylcyclopentadienyl)
{cyclopentadienyl)dimethylsilane in an amount of 0.53 ¢ (1.9
mmol) was dissolved in 50 ml of diethyl ether, and the solution

was cooled to ~78°C., A L1.57 Mhexane solutionocfn-butyllithium

in a volume of 0.76 ml (1.7 mmol) was added thereto dropwise.

=
L

The temperature was gradually increased, and the mixture was
stirred at room temperature for 24 hours and was concentrated
under reduced pressure. The concentrate was washed with © mi
of hexane three times. The resultant solid was suspended 1in
50 mli of hexane. To the suspension, 400 mg (1.7 mmcl) cf
15 zirconium tetrachloride was added at -78°C. The temperature
was gradually increased, and the mixture was stirred at room
temperature for 24 hours. The mixture was then filtered and
washed with hexane to remove salts. The residue was dissolved
in diethyl ether, and pentane was added thereto with stirring
20 to cause gradual precipitation. The precipitate was washsd
with pentane, and the solid was dried by concentration under
reducsd pressure to give 30 mg of
dimethylsilylene (3-butyl=-Z,4,5-trimethylcyclopentadienyl)

(cyclopentadienyl)zirconium dichloride (A6). The compound



hexene Ethylene/ butene Hydrogen amount volt 0.1 0 0.1 O Polymerization results ‘Solid catalyst
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was identified by 'H-NMR and FD-MS.
[0395]

"H-NMR (CDCls;, based on TMS): 6.9 (s, 2H), 5.6 (s, 2H),
5.6 (2H), 2.4-2.2 (m, 2H), 2.0-1.8 {(m, 9H), 1.5-1.2 {(m, 4H) ,

5 0.9-0.7 {(m, 9H); FD-MS: 444 (MS)

[Synthetic Example 7]
[Synthesis of dibutylsilyiene{3—n—butylcyclopentadienyl)
(cyclopentadienyl) zirconium dichloride (A7) ]' ‘

(Step 1) synthesis of dibutylchloro'(cyclopentadienyl)silane

10 THF in a volume of 100 ml was added to 100 ml (200 mmol)
of a 2 M THF solution of sodium cyclopentadienide. The mixture
was cooled to -78°C, and 100 ml of THF was added thereto.
Further, 21.3 g (100 mmol) of dibutyldichlorosilane was
gradually added dropwise. The mixture was stirred at room

15 temperature for 24 hours and was concentrated under reduced
pressure, and unreacted ma.terials were distilied away. The
residue was used. in the next step without further purification.
[0396]

(Step 2) synthesis of dibutylisilyl

20 (3 -n-butylcyclopentadienyl) (cyclopentadienyl)

The n-butylcyclopentadiene in an amount of 6.3 g (51.5
mmol) was dissolved in 120 ml of THF, and the solution was cooled
to 0°C. A 1.58 M hexane solution of n-butyllithium in a volume

of 32.8ml (51.5 mmol) was added thereto dropwise over a period



80.33 51.57 Activity g/g-cat/h 1880 1690 1780 920 Polymer analysis results MFR (9/10 min) 14.5 9.1
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of 30 minut.es . The mixture was stirred at room temperature for
2 hours and was cooled to -78°C. |
Dibut?lchloro(cyclopentadienyl)silane in an amount of 20.3 g
(95.2 mmol} dissolved in 100 ml of THF was gradually added
5 dropwise. The mixture was stirred at room temperature for 8
hours and at 45°C for 8 hours. The mixtﬁre was then coocled to
0eC, and water was'added“to terminate the reaction. The
realction liquid was extiacted with ethyl acetate. The organic
layer was washed with a saturated agueous sodium carbonate
10 solution and then with a saturated saline solution, was dried
over magnesium sulifate, and was filtered. The filtrate was
concentrated under reduced pressure. The concentrated liguid
wag purified by neutral silica gel column chromatography
(solvent: hexane/triethylamine = 98/2 (v/v)) to give 1.42 g
15 of dibutylsilyl(3-n-butylcyclopentadienyl)
{cyclopentadienyl) (yield: 8%). The compound was identified
by 'H-NMR and GC-MS.
[0397]
“H-NMR (CDCl;, based on TMS): 7.0-5.5 (s, 7H), 3.1-2.3
20 (m, 2H), 1.940.9 {m, 25H); GC-MS8: 328 (MS)

(Step 3) synthesgis of dibutylsilylene

(3-n-butylcyclopentadienyl) (cyclopentadienyl) zirconium

dichloride (A7)

The dibutylsilyl{3-n-butylcyclopentadienyl)
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(cyclepentadienyl) in an amount of 1.4 g (4.3 mmol) was
dissolved in 50 ml of diethyl ether, and the solution was cooled
to -78°C. A 1.58 M hexane solution of n-butyllithium in a
volume of 5.6 ml (8.8 mmol) was added thereto dropwise. The
temperature was gradually increased, and the mixture was
sﬁirred at room temperature for 24 hours and was concentfated
under reduced pressure. TheconcentratewasWashedwithhexane
and was filtered. The solid obtained was suspended in 80 ml
of hexane. To thé suspension, 0.95 g (4.1 mmol) of zirconium
tetrachloride was added at -78°C. The teﬁperature was
gradually increased, and the mixture was stirred at room
temperature for 24 hours. The mixture was then filtered and
washed with hexane to remove salts. The filtrate was
concentrated under reduced.pressure to give 1.2 g of
dibutylsilylene(3—n—butylcyclopentadienyl)
(cyclopentadienyl)zirconium dichloride (A7) (yield: 57%).
The compound was identified by 'H-NMR and FD-MS.
[0398]

'H-NMR (CDCl;, based on TMS): 7.0-5.5 {s, 7H), 2.7 (m,
2H), 1.8-0.9 (m, 25H); FD-MS: 486 (M3) |
[Synthetic Example 8]
[Synthesis of (pentyl) (methyl)}silylene
(3~nubutylcyclopentadienyl)(cyclopentadienyl)zirconium

dichloride (A8)]
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(Step 1) synthesis of chloro{chloromethyl)

(3-n-butylecyclopentadienyl) (methyl)siiane

THF in a volume of 100 ml was added to 6 ¢ (49 mmol) of
n-butylcyclopentadiene, and the mixture was cooled to -78°C. A 1.65
M hexane solution of n-butyllithium in a volume of 29.6 ml (48.8
mnol) was added thereto dropwise. The mixture was stirred at room
temperature for 2 hours and was cooled again to -78°C.

Dichloreo (chloromethyl) (methyl)silane in an amount of 8.0 g (49 mmol)
dissolved in 50 ml of THF was added dropwise. Themixture was stirred
at room temperature for 3 hours and was concentrated under reduced
pressure. Hexane was added, and the mixture was filtered. The
filtrate was distilled under reduced pressure togive 3.43 gof target
chloroi{chloromethyl) (3-n-butylcyclopentadienyl) (methyl)sllane.
103991

{(step 2) synthesis of (pentyl} {methyl}silyiene

(3—nmbutylcyclepentadienyl)(cyclopentadienyl)zirconium

dichloride (A8)

THF in a volume of 100 ml was added tc
chloro(chloromethyl)(3—n—butylcyclopentadiemyl}(methyl}silaﬁe,
and the mixture was cooled to -78°C. R 2 M THF scluticn of sodium
cyclopentadienide in a volume of 6.9ml (13.8 mmol) was added thereto
dropwise. The mixture was stirred at room temperature for 24 hours

and was cooled to 0°C. Water was added to terminate
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the reaction. The reaction ligquid was extracted with hexane.
The organic layer was extracted with a saturated agueous sodium
hydrogen carbonate solution and then with a saturated saline
solution, was dried over magnesium sulfate, and was purified
5 by silicé gel column chromatography (Solvent:

hexane/triethylamine = 98/2 (v/v)). The resultant ligand in
an amount of 1.6 g (5.74 mmoi) wa;s;. dissolved in 50 ml of diethyl
ether, and the solution was cooled to -78°C. A 1.58 M hexane
solution of nnbutyllithiﬁm in a volume of 7.12 ml (8.8 mmol)

10 was added thereto dropwise. The temperature was increased
gradually. The mixture was stirred at room temperature for 24
hours,wasconcentrateduﬁderreducedpressure,waswashedwith
hexane, and was filteredf The solid.obtaiﬁed.was suspended in
60 ml of hexane. To the suspension, 0.88 g (5.2 mmol) of

15 zirconium tetrachloride was added at -78°C. The temperature
was gradually increased, and the mixture was stirred at room
temperature for 24 hours. The mixture was then filtered and
washed with hexane to remove salts. The filtrate was
concentrated under reduced pressure to give 0.15 g of

20 (pentyl)(methyl)silylene(3—n—butylcyclopentadienyl)
(cyclopentadienyl) zirconium dichloride (AB) {yield: 6%). The
compound was identified by 1H—ﬁMR and FD-MS.
[0400]

'H-NMR (CDCl;, based on TMS): 7.0-6.8 (m, 2H), 6.5 (m,
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1H), 5.9-5.7 {(m, 3H), 5.5 (s, 1H), 2.6 {m, 2H), 1.6-0.6 (m,
21H) ; FD-MS: 458 (MS)

[Synthetic Example 9]

[synthesis of (chloromethyl} (methyl)silylene
(3-n-butyleyclopentadienyl) (cyclopentadienyl) zirconium

dichloride (A%} ]

{(Step 1) synthegis of (chloromethyl} (methyl)silylene

(3-n-butyleyclopentadienyl) (cyclopentadienyl)zirconium

dichloride (A3%)

(3 —nuButylcyclopentaaieny}.) {chloromethyl)
(cyclopentadienyl) (methyl)si'lane in an amount of 1.3 g (4.7
mmol} wag dissolved in 60 ml of diethyl ether,r and the sclution
wasg cooled to -78°C. A 1.65Mhexane solution of n-butyllithium
in a volume of 5.7 ml (9.3 mmol) was added thereto dropwise.
The temperature was gradually increased, and the mixture was
stirred at 10°C for 3 hours and was concentrated undef reduced
pressure. The concentrate was suspended in 60 ml of hexane.
To the suspension, 0.97 g (4.2 mmol) of zirconium tetrachloride
was added at -78°C. The temperature was gradually increased,
and the mixture \#as stirred at room temperature for 24 hours.
The mixture was then filtered and washed with hexane to remove
insolubles. The filtrate was concentrated under reduced
pressure and was re-slurried with diethyl ether and n-pentane.

The supernatant was removed, and the residue was washed with
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n-pentane. The solid obtained was concentrated to give 200 mg
of (chloromethyl)(methyl)silylene
(3-n—butylcyclopentadienyl)(cyclopentadienyl)zirconium
dichloride (A9) (y:l.eld 4.8%) . The compound was identified by
5 'H-NMR and FD-MS.
[0401]
"H-NMR (CDCls;, based on TMS): 7.1-5.5 (m, 7II-I), 3.4 (d',
2H), 2.6 (m, ZH), l.G;E.Q (m, 4H), 0.9-0.7 (m, 6H), 1.6-0.6
(m, 21H); FD-MS: 436 (MS)
10 [Synthetic Example 10]
[Synthesis of dimethylmethylene
(3~n—butylcyclgpentadienyl)(cyclopentadienyl)zirconium

dichloride (A10)]

{(Step 1) synthesis of dimethylmethylene

15 (3—n-butylcyclopentadienyl)(cyclopentadienyl)

1,2—Dimethoxyethane in a volume of 100 ml was added to

5g {(40.9 mmol) of n-butylcyclopentadiene, and the mixture was
cooled to 0°C. Potassium hydroxide in an amount of 2.8 g (50
mmol) wéé.added. The temperature was gradually increased, and

20 the mixture was stirred under reflux for 1 hour. At 0°C, 4.34
g (41 mmol)} of 6,6-dimethylfulvene was added, and the mixture

was stirred under reflux for 3 hours. The reaction ligquid was
cooled to 0°C, and the reaction was terminated by adding 1

N-hydrochloric acid. The organic layer was extracted with
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hexane and was washed with.a saturated agqueous sodium hydrogen
carbonate gclution and a saturated saline solution. The
" reaction product was purified by siliica gel column
chromatography (solvent: hexane/triethylamine = 98/2 (v/v)}
5 to give 3.2 g (14 mmol) of dimethylmethylene
(3-n-butyleyclopentadienyl) (cyclopentadienyl). The
compound was identified by 'H-NMR and GC-MS.
[0402]
H-NMR (CDCl;, based on TMS): 6.6-5.5 (m, 7H), 3.0-2.7

10 (d, 2H), 2.6-2.4 {m, 2H), 1.6-0.9 {m, 13H}; GC-MS: 228 (MS)

(8tep 2) synthesis of dimethylmethylene

{(3-n-butylcyclopentadienyl) (cyciopentadieny'i) zirconium

dichloride (A10)

The ligand in an amount of 1.3 g (4.66 mmol) was dissolved
15 in 60 ml.of diethyl ether, and the solution was cooled to -78°C.
A 1.65 M n-BulLi sclution in a velume of 5.7 mi (9.3 mmol) lv}as
added thereto dropwise. The temperature {nras gradually
increased, and the mixture was stirred at 10°C foxr 3 hours and
was concentrated under reduced pressure. Tﬁe concentrate was
20 suspended in 60 ml of hexane. 'fo .the suspension, 0.97 g (4.2
mmol) of zirconium tetrachloride was added at -78°C. The
temperature was gradually increased, and the mixture was
stirred at room temperature for 24 hpurs . The mixture was then

filtered and washed with hexane to remove insolubles. The
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filtrate was concentrated uncder reduced pressure and was washed
with diethyl ether and n-pentane. The supernatant was removed,
andxthe residue was washed with pentane. The insoluﬁie portion
obtained was concentrated te give 200 mg of
5 dimethylmethylene (3-n-butylcyclopentadienyl)
{cyclopentadienyl)zirconium dichloride (A10}) (yield: 4.8%).
The compound was identified by 'H-NMR and FD-MS.
[0403]
'H-NMR (CDCls, based on TMS): 7.1-5.5 (m, 7H), 3.4 (4,
16 2H), 2.6 {(m, 2H), 1.6-1.2 {m, 4H), 0.95-0.7 (m, 6H), 1.6-0.6
(m, 2Z1H); FD-MS: 436 (MS)
[Example L-1]

Polymerization

A 500 mL glass vessel thoroughly purged with nitrogen was
15 chargedwith 400 mL of purified toluene, and ethylene was passed
through the vessel to saturate the liguid phase and the gas
phase with ethylene. Under the stream of ethylene, the
temperature was increased to 75°C and methylaluminoxane (1.0
mmel in terms c¢f Al) was added. Further, a toluene solution
20 of the metallocene compound (Al) {(0.0005 mmol in terms of Zr)
was added. Polymerization was performed while supplying
ethylene at 100 L/hr at 75°C for 10 minutes. The polymer
obtained was deashed with hydrochloric acid/methanol and was

dried under vacuum for 10 hours to afford 2.41 g of an ethylene
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homopolymer. Results of analysis of the polymer are set forth
in Table 1.

{0404}

[Examples L-2 to L-10]

5 The procedures of Example L-1 were.repeated, except that
the metallocene compound (Al) used in Example L-1 was replaced
by the metallocene compounds (A2 to AlQ) in varied amounts.
Results of analysis of the pclymers obtained in Examples L-2
to'Lflo_are éet forth in Table 1 togethér with ﬁhe results of

10 Example L-~-1.
[0405] .
[Example L-111]

Preparation of solid component (8)

Ina 260 L reactor equipped with a stirrer, 10 kgof silica
15 (810;: average particle diametér: 60 um) that had been dried
at 2590°C for 10 hours was suspended in 9%0.5 L of toiuene in
a nitrogen atmosphere. The suspension was cooled to 0 to 5°C.
A toluene solution of'methylalumoxane {3.0 mmol/mL in terms
of Al atom} in a volume of 45.5 L was added dropwise to the
20 .suspension over a period of 30 minutes. During the dropwise
addition, the temperature in the system was maintained at 0

to 5°C. After the dropwise addition, the reaction was
continuously performed at 0 to 5°C for 30 minutes. Thereafter,

the temperature was increasgsed to 95 £o0 100°C in about 1.5 hours,
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and the reaction was conducted at 95 to 100°C for 4 hours. The
temperature was then lowered to ambient, and the supernatant
was removedknrdécantation. The solid component thus obtained
waswashedwithtoluenetwotimes,andtoluenewasaddedthereto

5 to a total volﬁme of 129 L, thereby preparing a toluene‘slurry
of the solid component (8). A portion of the solid component
was sampled and the concentrations were determined, resulting
in a slurry concentration of 96.5 g/L and an Al concentration
of 0.489 mol/L.

10 fo406}

Preparation of solid catalyst component (X-1)

A 200 mL glass flask purged with nitrogen_ was charged with
50 mL of foluene, and the toluene slurry of the solid component
(§) (1.0 g in terms of the so;id component) was added thereto.
15 Further, 12.7 mL of a toluene solution of the metallocene
compound (Al} (0.002 mmol/mL.in terms of Zr atom) was added
dropwise. Reaction was performed at room temperature for 1
ﬁour. The supernatant was removed by decantation. The
residue was washed with heptane two times and was slurried into
20 100 mL of a heptane slurry (solid catalyst component X-1). A
portion of the heptane slurry of the solid catalyst component
{X-1) was sampled and the concentrations were determined,
resulting in a Zr concentration of 0.023 mg/mL and an Al

concentration of 1.3 mg/mlL.



985

10

.15

20

00 1.011.151.35 1 903902935 S.D9/m1 GPO Mw 52800 64100 102000

196

[0407]

Polymerization

A 1 L 8Us aufoclave thoroughly purged with.nitrogen was
charged with 500 ml of purified heptane, and ethylene was passed
through the autoclave to saturate the liguid phase and the gas
phas.e with ethylene. PFurther, 10 mL of 1—héxane an& 0.375 mmol
of triisobutylaluminum were added, and 40 mg in terms of the
sclid component of the solid catalyst component (X-1) was added
to the autoclave. The température was increased to 80°C, and
polyme-riz.ation was performed at 0.78 MPa-G for 90 minutes. The
polymer obtained.was dfied under vacuum for 10 hours to afford
24 .61 g of an ethylene/l-hexene copolymer. Results of GPC
analysis and properties of the polymer are gset forth in Table
1. |
{0408]

[{Examples L-12 to L-20]

Preparation of solid catalyst components (X-2 to X-10)
Solid catalyst components (X-2 to X-10) were prepared in

the same manner as for the solid catalyst component (X-1) in

Example L-11, except that the metallocene compound (Al)‘ was

replaced by the metallocene compounds (A2 to AlQ).

[0409]

Polymerization

Polymerization was performed in the same manner as in
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Example L-11, except that the solid catalyst component (X-1)

was replaced by the solid catalyst components (X-2 to X-10})

with varied amounts of the solid catalyst. Results of GPC

analysis and properties of the polymers are set forth in Table
5 1.

[0410]

[Example L-21]

Polymerization

A 2 L 8US autoclave thdrcughly purged with nitrogen was
10 charged with 250 g of NaCl, and the content was dried.under
vacuum at 100°C for 90 minutes. SUbsequently,.the pressure
inside the autoclave was returned to nermal pressure by
supplying l-butene/ethylene mixture gas (1—butené
concentratim1:4vol%),andtheinsidetemperaturewasadjusted
15 at 75°C. Under a stream of the mixture gas, 0.75 mmol of
triisobutylaluminum was added, and 25rm;in terms of the solid
.component of the solid catalyst component (X-2) was added to
the autoclave. Polymerization was performed at 0.78 MPa-G and
80°C for 90 minutes. The product was washed with sufficient
20 amounts of water to remove NaCl completely. The polymer was
dried under vacuum for 10 hours to afferd 39.5 g of an
ethylene/l-butene copolymer. Results of GPC analysis and
properties of the polymer are set forth in Table 2.

[0411]
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[{Example L-22]

Polymerization

Polymefization was performed in the same manner as in
Example i-21, exce?t that-the sclid catalyst component (X-2)
was replaced by the solid catalyst component (X-3) with a varied
amount of the solid catalyst. Results of GPC analysis and

properties of the polymer are set forth in Table 2.

’IO412]

[Example L-23]

Polymerization

Eolymerization was performed in the same manner as in
Example L-21, except that the solid catalyst component (X-2)
wasreplacedlnrthesolidcatalystcbmponent(X-é)withzavaried
amount of the solid catalyst. Results of GPC analysis and
properties of the polymer are set forth in Table 2.

[0413]
[Example L-24]

Polyvmerization

Polymerization was performed in the same manner as in
Example L-21, except that the solid_cataiyst component (X-2)
was replaced by the solid catalyst component (X-6) with a varied
amount of the solid catalyst. Results of GPC analysis and
properties of the polymer are set forth in Table 2.

[0414]



MT/R* 0.00043 0.00037 0.00027 LogM060.1,11 4.94 5.00 5.19 GPO peak analysis Fracol r-
Cray:mt.A 65.7 64.5 85.5 Cmpnt. B 31.9 32.7 14.5

199

[Comparative Example L-1]

Polymerization
Polymérization was performed in the same manner as in
Example L-1, except that the metallocene compound (A1) was
5 replaced by a metallocene compound (El). Results of GpC
analysis and properﬁies of the polymer are set forth in Table
3. The metallocene compound (E1) used in Comparative Example
ig illustrated belowr

El: dimethylsilylenebis(cyclopentadienyl)zircdnium

18 dichloride

Q
Zr< -

o
-qu‘E

[Comparative Example L-2]

[0415]
\S,
!
-/
[0416]

15 Polyvmerization

Polymerization was performed in the same manner as.in
Example L-1, except that the metallocene compound (Al) was
replaced by a metallocene compound {E2) and thé amount of the
catalyst was chénged. Results of GPC analysis and properties

20 of the polymer are set forth in Table 3. The metallocene

compound(EZ)usedincxm@arativeExampleisillustratedbelow,



3rd cmpnt. 3.1 3.6 14.1 Loolvs", 4.32 4.34 B,, 0.021 0.020 LoOMfloond 5.55.46 0.0021 0.0030
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E2: dimethylsilylenebis(3-n-butylicyclopentadienyl)
zirconium dichloride

[0417]

mBu

O
Zr<
3

nBu

N
/Sr

HIHEZ

5  [0418]
[Comparative Example L-3]

Polymerization

Polymerization was performed in the same manner as in
Example L-1, except that the metallocene compound (Al) was
i0 replaced by a metallocene compound (E3}. Results of GPC
analysisg and properties of the polymér are set forth in Table
3. The metallocene compound (E3) used in Comparative Example
is illustrated below.
E3: dimethylsilylenebis(3~tert?butylcyclopentadienyl)
15 zirconium dichloride

[0419]



awnilise.." 10.2 6.7 [0568] [Table 6] Example M-15 M-16 M-17 M-18 No. Y-7 Y-8 7-9 Y-10 Solid
catalyst Metallocene compound Cmpnt. A
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tBu
Nai !
Si
ol
[N ]
tBu E3
[0420]
[Comparative Example L-4]
Polymerization
5 Polymerization was performed in the same manner as in

Example L-1, except that the metallocene compound (Al) was
replaced by a metallocene compound {(E4) and the amount of the
catalyst was changed. Results of GPC analysis and properties
of the polymer are set forth in Table 3. The metallocene
10 compound(Eé}usedin(km@arativeExampleisiilustratedbelow.
E4: dimethylsilylenebis(2,4~dimethylcyclopentadienyl)
zirconium dichloride

[0421]



A2 A3 A3 A3 Cmgat.6.13 132 134 35 126 component Cmpnt.(A)/ cmpnt.(13) Molar ratio 70/20 60/40
55/45 55/45 Prepoiymerized catalyst .component NO.
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[0422]

[Comparative Example L-5]

Polymerization

5 Polymerization was performed in the same manner as in
Example L-1, except that the metallocene compound {(Al) was
replaced by a meﬁallocene compound {(E5}. Résults of GPC
analysis and properties of the polymer are set forth in Table

3. The metallocene compound (E3) used in Comparative Example

10 is illustrated below.
E5: dimethylsilylenebis:

(2,3,5—trimethchyclopeﬁtadienyl)zirconium dichloride

[0423]



- Polymerization conditions P olymer Ethylene/ hexene Ethylene/ hexe_ne Ethylene/ hexene Ethylene/
hexene Hydrogen amount von 0 0 O O Polymerizeon results Solid cataiyst component
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Cl

N, S
~

Cl
B

[0424]

[Comparative Example L-§]

Prepa:aticn of solid catalyst component (EX-1)

5 .Asolidcatalystcompcnent(EX—l)wasprepared:hzthesame
manner as for the solid catalyst component (X-1) in Example
L-11, except that the metallocene compound (Al).was replaced
by the metallocene compound (E1).

[C425]

10 Polymerization

Polymerization was performed in the same manner as in
Example L-11, except that the solid catalyst component (X-1)
was replaced‘by the solid catalyst component (EX-1) with a
varied amount of the solid catalyst. Results of GPC analysis
15 and properties of the polymer are set.forth in Table 3.
[C426]
{Comparative Examples L-7 to L-12]

Preparation of solid catalyst components (EX-2 to EX-7)




amount 0.030 0.030 0.045 0.030 Yield q 121.34 75.51 113.72 116.03 Activity g/g-cat/h 2670 1660
1670 2550 Polymer analysis results (g/l0 min) MFR 15.8 7.6
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Sclid catalyst components (EX-2 to EX-7) were prepared
in the same manner as for the solid catalyst component (X-1)
in Example L-11, except that the metallocene compound (Al) was
replaced by the metallocene compounds (E2 to E7). The

5 metallocene compounds (E6 and‘E?) used in Comparative Exampies

are illustrated below.

E6: bis (cyclopentadienyl)zirconium dichloride
[0427]
@Z

K.
N,
Cl

we s =65

i0 [0428]

E7: bis(n-butylcyclopentadienyl)zirconium dichloride
[0429]
_ ’?Eglj\\\K:i:i;>
\,Z /
nBu

r
N
Cl

l&lE?

[0430]

15 Polymerization




6.614.8 (a; 1.161.321.381.17 D 939985938916 3.17¢g/M1  GPC Mw 76100

10

15

20
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Polymerization was performed in the same manner as in
Example L-11, except that the solid catalyst component (X-1)
was replaced by the solid catalyst components (EX-2 to EX-7)
with varied amounts of the solid catalyst. Results of analysis
of the polymérs.obtained in Comparative Examples L-7 to L-12
are set forth in Table 3 together with the results in Comparative
Example. L-6.

[0431]

The results of Examples and Comparétive Examples show
that the bridged metallocene compounds (the components (A))
according to the invention can afford polymers having a lower
molecular-weight and a larger number of terminal vinyl bonds
witklhigher'catalytic:activity'than.the conventional.symmetric
metallocene compounds.

(2) Olefin polymerization processes uéing clefin

polymerization catalysts (b)

[Synthetic Example 11]
A compound (B1) represented by the following formula was
synthesized by a method described in JP-A-H04-69394 .

[0432]



81000 82000 69300 Mn 14200 15900 16300 15900 Mw/Mn 5.3 5.1 5.0 4.4 GPOn Mw 120800
148900 154300 92900 Mn
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sesf3

[0433]
[Synthetic Example 12]
| A compound {B2) represented by the following formula was
5 synthesized by a method described in EP351392.

[0434]

B2

[0435]
[Synthetic Example 13}

10 A compound (B3} represented by the following formula was
synthesized by a method described in JP-A-2000-212194.

[0436]



16900 22000 23000 21800 Mw/Mm 7.1 6.8 6.7 4.3 Loefal 0.0645 0.1206 0.1359 0.0682 MT g26
454.81.88
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IIIBS

[0437]
[Synthetic Example 14]

A compound (B4) re?resented by the following formula was
> synthesized by a method described in EPS55305.

[0438]

eaafd A

[0439]
[Synthetic Example 15]

10 A compound (B5) represented by the following formula was

synthesized by a method described in JP-A-2005-200451.

[0440]



8400 15000 17000 6061 110 17666 35000 40000 11634 mT/n* 0.00031 0.00030 0.00028 0.00031
LogMal.c.h.) 5.08 5.17 5.19 4.97 GPO peak
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;a-BS

[0441]
[Synthetic Example 16]
A compound (B6) represented by the following formula was

5 synthesized by a method described in JP-A-2004-168744.

[0442]

[0443]

[Example M-1]
10 [Preparation of solid catalyst component (Y-1)]
A 200 mlL glass flask purged with nitrogen was charged with
50 mL of toluene, and the toluene slurry of the solid component

(8) (1.0 g in terms of the solid component) prepared in Example



analysis Fraction ratio Ompnt. A 85.3 84.0 84.3 87.7 nt.B 14.7 16.0 15.7 12.3 =put. 6.1 7.56.14.5
LogM,.. -
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L-11 was added thereto. Further, 7.6 mL of a toluene solution
of the metallocene compound {dimethylsilylene
(cyclopentadienyl)(3~n—propylcyclopentadienyl)zirconium
dichloride (A2)) (0.002 mmol/mL in terms of Zr atom) and 5.1

5 mLof a toluene gsolution of the metallocene compound (B1) (0.002
mmol/mL in terms 6f Zr atom) were added dropwise as a mixture
((A2) /(Bl) molar ratio = 60/40). Reaction was performed at
room temperature for 1 hour. After the reaction for 1 hour,
Zr was not detected in the supernatant toluene. The

10 supernatant was removed by decantation. The residue was washed
with heptane two times and was slurried into 50 mL of a heptane
slurry (solid catalyst component Y-1). A portion of the
heptaneslurryofthesolidcatalystcomponent(le)wassampled
and the concentrations were determined, resulting in a 2Zr

15 concentration of 0.046 mg/mL and an Al concentration of 2.6
mg/mL.'
[0444]

Poiymerization

A-1 L SUS autoclave thoroughly purged with nitrogen was

20 chargedwithSGOtm;ofpurifiedheptane,andethylenewaspassed
through the autoclave to saturate the liquid phase and the gas
phase with ethylene. Thereafter, 10 mlL of l-hexene and 0.375
mmol of triisobutylaluminum were added, and 20 mg in terms of

the solid component of the solid catalyst component (Y¥Y-1) was



. Hi..

10

15

20
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added to the autoclave. The temperature was increased to 80°C,
and polymerization was performed at 0.78 MPa-G for 90 minutes.
The polymer obtained was dried under vacuum for 10 hours to
afford 76.3 g of an ethylene/I-hexene copolymer. Results of
GPC analysis and properties of the polymer are seﬁ forth in
Table 4, and a GPC chart is shown in Fig. 1.

[0445]

[Example M-2]

Polymerization

Polymerization was carried out in the same manner as in
Example M-1, except that the ethylene gas was replaced by
hydrogen/ethylene mixture gas (hydrogen concentration: 0.1
vo},.%) . The polymer cbtained was dried under vacuum for 10 hours
tb afford 75.5 g of an ethylene/l-hexene copolymer. Results
of GPC aﬁalysis and properties of the polymer are set forth
in Tablé 4.

[0446]
[Example M-3]

Polymerization

A 2 L 8US autoclave thoroughly'purged with nitrogen was
charged with 250 g of NaCl, and the content was dried under
vacuum at 100°C for 90 minutes. Subsequently, the pressure
inside the autoclave was returned to normal pressure by

supplying l-butene/ethylene mixture gas {(l-butene



- [Table 6] (continued) Example M-19 M-20 M-21 Solid catalyst component No. X-2/X-11 X-3/X-11
Y-11 Metallocene compound Cmpnt. A A2 AS
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concentration: 4 vol%), and the inside temperature was adiusted
at 75°C. Under a stream of the mixture gas, 0.75 mmol of
triisobutylaluminumwas added, and 34.4 mg in terms of the solid
component of the solid catalyst component (Y-1) was added to
5 the autoclave. Polymerization was performed at 0.78 MPa-@ and
80°C for S0 minutes. The product was washed with sufficient
amounts of water to remove NaCl completely. The polymer was
dried under vacuum for 10 hours to afford 68.9 g of an
ethylene/l;butene copolymer. Results of GPC analysis and
10 properties of the polymer are set forth in Table 4 . Properties
measured with respect to a sample of this polymer are indicated
in Table 13.
[0447]
[Example M-4]
15 [Preparation of solid catalyst component (Y-2)]
A 200 mL glass flask purged with nitrogen was charged with
>0 ml of toluene, and the toluene slurry of the solid component
(S) (1.0 g in terms of the solid component) prepared in Example
L-11 was added thereto. Further, 7.6 mL of a2 toluene solution
20 of the metallocene compound {(dimethylsilylene
(cycioéentadienyl)(3~n—butylcyclopentadienyl)zirconium
dichloride (A3)) {0.002 mmol/mL in terms of Zr atom} and 5.1
mLofaitoluenesolutimnofthen@tallocenecompound(81)(0.002

mmel/mL in terms of Zr atom) were added dropwise as a mixture



Cmpnt.13 81 1211 81 Cmpnt.(A)/ cmpnt.(B) Molar ratio 40/60 25/75 44/56 epolymerized catalyst
component No. YP-11 olymerization condition§ ]fé)lymer Ethylene/ hexene Ethylene/ hexene
Ethylene/

((A3)/({B1l} molar ratio = 60/40). Reaction was performed at
room temperature for 1 hour. After the regction for 1 hour,
Zr was not detected in the supernatant toluene. The
supernatant was removed by decantation. The residue was washed
5 with heptane two times and was slurried into 50 mL of a heptane
slurry (solid catalyst component Y-2). A portion of the
heptane slurry of the sclidcatalyst component (Y-2) was sampled
and the concentrations were determined, resulting in a Zr
concentration of 0.034 mg/mL and an Al concentration of 2.1
10 mg/mL.
[0448]

Polymerization

' Polymerization was carried out in the same manner as in

Example M-1, except that the solid catalyst component (¥-1)
15 was replaced by 15 mg of the sclid catalyst component (Y-2).

The polymer obtained was dried under vacuum for 10 hours to

afford 60.2 g of an ethylene/l-hexene copolymer. Results of

GPC analysis and prcoperties c¢f the polymer are set forth in

Table 4, and a GPC chart is shown in Fig. 2. Properties measured
20  with respect to a sample of this polymer are indicated in Table

16.

[0449]

[Example M-5]

Polymerization




hexene Hydrogen amount vol.% O O Polymerization results Activity Solid catalyst component amount
9 0.020 0.020 0.019 Yield q 79.67 48.65 64.33
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Polymerization was carried out in the same manner as in
Example M-4, except that the ethylene gas was replaced by
hydrogen/ethylene mixture gas (hydrogen concentration: 0.05
vol%) . | The polymer obtained was dried under vacuum for 10 hours
5 to afford 55.1 g of an ethylene/l-hexene copolymer; Results
of GPC analysis and properties of the polymer are set forth
in Table 4, and a GPC chart is shown in Fig. 3. Properties
measured with respect to a sample of this polymer are indicated
in Table 16.
10 [0450]
[Example M-6]

Polymerization

Polymerization was carried out in the same manner as in

Example M-3, except thatkthe so0lid catalyst component (¥Y-1)
15 was replaced by 34.4 mg of the solid catalyst component (¥Y-2).

The polymer obtained was dried under vacuum for 10 hours o

afford 41.6 g of an ethylene/l-butene copolymer. Results of

GPC analysis and properties of the polymer are set forth in

Table 4, and a GPC chart is shown in Fig. 4. Properties measured
20 with respect to a sample of this polymer are indicated in Table

13.

[o4a51]

[Example M-7]

[Preparation of solid catalyst component (¥Y-3)]



g/g-cat/h 2660 1620 2210 Polymer aralysis results NPR le/10 min) 21.1 7.6 7.6 ITO 1.07 1.28 1.36
937 533 934 8.D g/ml
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A solid catalyst component (Y-3) was synthesized in the
same manner as for the solid catalyst component (¥Y-1) in Example
M-1, except that the metallocene compound {A2) was replaced
by the metallocene compound (A4), and the reaction molar ratio

5 of the metallocene compound (A4) and the metallocene compound
(B1) was (A4)/(Bl) = B0/20 {(molar ratio). After the ieaction
for 1 hour, Zr was not detected in the supernatant toluehe.
A portion_ of the heptane slurry of the solid catalyst component
(Y~3)lwas sampled and the conéentrations were determined,

10 resulting in a Zr concentratiocn of 0.0489 mg/mL and an Al
conceﬁtfation of 3.2 mg/mL.
[0452]

Polymerization

Polymerization was carried out in the same manner as in

15 Example M-1, except that the solid catalyst component (Y-1)

was replaced by 30 mg of the solid catalyst component (Y-3).

The polymer obtained was dried under vacuum for 10 hours to

affeord 80.0 g of an ethylene/l—hexene copolymer. Results of

GPC analysis and properties of the polymer are set forth in
20 Table 4, and a GPC chart is shown in Fig. 5.

[0453]

[Example M-8]

Polymerization

Polymerization was carried out in the same manner as in



0,330 0.335 0.405 GPC Mw 68200 83500 99800 Mn 15700 17900 15500 Mw/Mn 4.4 4.7 6.4
GPC-(11] Mw 110400 126000 18200

10

15

20
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Example M-7, except that the ethylene gas was replaced by
hydrogen/ethylene mixture gas (hydrogen concentration: 0.1
vol%). The polymer obtained was dried under vacuum fcor 10 hours
to afford 84.7 g of an ethylene/l-hexene copolymer. Results
of GPC analysis and properties of the polymer are set forth
in Table 5.

[0454]

[Example M-9]

[Preparation of sclid catalyst component (Y-4)]

A solid catalyst component (Y-4) was synthesized in the
same manner as for the solid catalyst component (Y-1) in Example
M~-1, except that the metallocene compound (AZ) was replaced
by the metallocene compound {(A6), and the reaction molar ratio
of the metallocene compound (A6} and the metallccene compound
(B1) was {A6)/{(Bl) = 70/30 (meclar ratic). After the reaction
for 1 hour, Zr was not detected in the supernatant toluene.
A portion of the heptane slurry of the sclid catalyst compornent
(Y~4) was sampled and the concentrations were determined,
resulting in a Zr concentration of 0.038 mg/mL and an Al
concentration of 2.1 mg/ml.

04551

Polymerization

Polymerization was carried out in the same manner as in

Example M~1, except that the solid catalyst component (Y-1}



Mn 20500 22200 158088 Mw/Mn 5.4 5.7 8.7 Log[H) 0.0294 0.1072 0.1335 MT (4 1.8 3.7 3.5
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was replaced by the éolid catalyst component (Y-4). The

polymer obtained was dried under vacuun1fox'10 hours to afford

76.0 g of an ethylene/l-hexene copoclymer. Results of GPC

analysis and properties of the polymer are set forth in Table
5 5, and a GPC chart is shown in Fig. 6.

[0456]

[Exampie M-10]

Polymerization

Polymerization was carried out in the same manner as in

10 Example M-9, except that the ethylene gas was replaced by

hydrogen/ethylene mixture gas (hydrogen céncentration: 0.1

vol%). The polymer obtained was dried under vacuum for 10 hours

to afford 80.3 g of an ethylene/l-hexene copolymer. Results

of GPC analysis and properties of the polymer are set forth
15 in Table 5.

[0457]

[Example M-11]

Polymerization

Polymerization was carried out in the same manner as in
20 Example M-3, except that the solid catalyst component (Y-1)
was replaced by the solid catalyst component (¥-4). The
polymer obtained was dried under vacuum for 10 hours to afford
51.6 g of an ethylene/l-butene copolymer. Results of GPC

analysis and properties of the polymer are set forth in Table



4456 11172 1E528 HO 6875 24115 54569 MT/H* 0.00041 0.00073 0.00021 LogMflp.A.7) 5.04
5.105.20 Fraction Cmont. A 63.9 76.1 75.7
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5. Propertiesmeasufedwithrespecttx>asamphaofthispolymer
are indicated in Table 13.
[0458]
[Example M-12]
5 [Preparation of solid catalyst component (Y-5)]

A solid catalyst component (Y-5) was synthesized in the
samemannarasforthesolidcatalystcomponent(Y~1)inEmample
M-1, except that the reaction molar ratio of the metallocene
compound (A2) and the metallocene compound (Bl) was changed

10 from(AZ)/(Bl)::SO/éG(molarratio)to(Az)/(Bl}245/55(moiar
ratio). After the reaction for 1 hour, Zr was not detected in
the supernatant toluene. A portion of the heptane slurry of
the solid catalyst component (Y-5) was sémpled and the
concentrations were determined, resulting in a Zr

15 concentration of 0.038 mg/mL and an Al concentration of 2.1
mg/mL.

[0459]

Polymerization

Polymerization waé carried out in the same manner as in
20 Example M-3, except that the solid catalyst component (Y-1)
was replaced by the solid catalyst component (Y-5) and the
1ubutene/ethylenendxturegas(1—buteneconcentration:¢zvol%)

was replaced by l-butene/ethylene mixture gas (l-butene

concentration: 7 vol%). The polymer cbtained was dried under



ratio Cmpnt, B 12.9 20.4 18.1 3rd cmpnt. 2.8 4.4 7.5 GPO peak 10g8l, 4.28 4.4 4.34 analysis Rn.
0.023 0.022 0.021 LogMflc,"d
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vacuum for 10 hours to afford 46.7 g of an ethylene/i-butene

éopolymer. Results of GPC analysis and properties of ﬁhe

polymer are set forth im Table 5. Properties measured with

respect to a sample of this polymer are indicated in Table 13.
5 {0460]

[Example M-13]

Polymerization

Polymerization was carried dut in the éame manner as in
Example M-6, except that the l-butene/ethylene mixture gas
10 (1-butene concentration: 4 vol%) was replaced by
1-butene/ethylene mixture gas (l-butene concentration: 7 vol%).
The polymer obtained was dried under vacuum for 10 hours to
afford 51.9 g of an ethylene/l-butene copolymer. Results of
GPC analysis and properties of the polymer are set forth in
15 Table 5. Properties measured with respect to a sample of this
polymer are indicated in Table 13.
[0461]
[Example M-14]
[Preparation of solid catalyst component (Y-6)]
20 A solid catalyst.component (Y-6) was synthegized in the
gsame manner ag for the solid catalyst component (Y~-2) in Example
M-4, except that the metallocene compound (Bl) was replaced
by the metallocene compound (B2), and the reaction molar ratio

of the metallocene compound (A3} and the metallocene compound



5.16 5.52 5.6 24..."4 0.0023 0.0029 0.0030 H.01-4"cts 10.0 7.7 7.1 [0569] [Table 7] Example Solid
catalys component 1111.1.111111111.1111111]231.%110 No. Metallocene coound Cmpnt.(A)/
cmnnt.08) Clalla

10

15

20

(B2) was {A3)/{(B2) = 30/70 (molar ratio}. After the reaction
for 1 hour, Zr was not detected in the supernatant Tcluene.
A portion of the heptane slurry of the sclid catalyst component
(Y-6) was sampled and the concentrations were determined,
resulting in a Zr concentration of 0.036 mg/mlL and an Al
concentration of 2.3 mg/mL.

[0462]

Polymerization

Polymerization was carried out in the same manner as in
Example M-1, except that the scolid catalyst component (Y-1)
was replaced by the solid catalyst component (Y-6). The
polymer obtained was dried under vacuum for 10 hours to affexd
74.4 g of an ethylene/l-hexene copolymer. Results of GPC
analysis and properties of the polymer are set forth in Table
5.

[0463]
[Example M-15]
[Preparation ¢f solid catalyst component (Y-7}]

A solid catalyst component (Y-7} was synthesized in the
same manner as for the solid cataliyst component (Y-2) in Example
M-~4, except that the metallocene compound (Bl) was replaced
by the metallocene compound (B3}, and the reaction melar ratio
of the metallocene compound (A3} and the metallocene compound

(83) was {A3}/(B3) = 70/30 {molar ratio). After the reaction



Y-12 M-22lllanniellill inOt-0t 12 12 13 lIHMeallallila B1 epolymerized
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for 1 hour, Zr was not detected in the supernatant tciuene.
A portion of tﬁe heptane slurry of the éolid catalyst component
(Y-7) was sampled and the concentrations were determined,
resultihg in a Zr concentration of 0.035 mg/mL and an Al

5 concentration of 2.2 mg/mL.
[0464]

Polymerization

Polymerization was carried out in the same manner as in
Example M-1, except that the solid catalyst component (Y-1)
10 was replaced by the solid catalyst component (Y-7). The
polymer cbtained was dried under vacuum for 10 hours to afford
121.3 g of an ethylene/l-hexene copolymer. Results of GPC
analysis and properties of the polymer are set forth in Table
6.
15 [0465]
[Example M-16]
[Preparation of sclid catalyst component (¥-8)]
A s0lid catalyst component (¥Y-8) was synthesized in the
samemannerasékn:thesolidcatalystcomponent(Y~2)inExample
20 M-4, except that the metallocene compound (Bl) was replaced
by the metallocene compound (B4). After the reaction for 1 hour,
Zr was not detected in the supermatant toluene. A portion of
the heptane slurry of the solid catalyst component (Y-8) was

sampled and the concentrations were determined, resulting in



catalyst component .11.1111 YP-12 fl-13 MI Polymer 1111111 Ethylene/ Ethylene/ Ethylene/
Polymerization hexene hexene hexene conditions 00 0 Solid
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a Zr concentration of 0.034 mg/mL and an Al concentration of
2.3 mg/mL.
[0466]

Polymerization

5 Polymerization was carried out in the same manner as in
Example M-1, except that the solid catalyst component (Y-1)
was replaced by the solid catalyst component (Y-8). The
polymer obtained was dried under vacuum for 10 hours to afford
75.5 g of an ethylene/l—hexehe copolymer. Results of GPC

10 analysis and properties of the polymer are set forth in Table
6.

[0467]
[Example M-17]
[Preparation of solid catalyst component (Y-9)]

15 A solid catalyst cbmponent (¥Y-9) was synthesized in the
samemannarasforthesolidcatalystcomponent(Y—2)inExample
M-4, except that the metallocene compound (Bl) was replaced
bﬁ'the ﬁetai}ocene compound (B5), and the reaction molar ratio
of the metallocene compound (A3) and the metallocene compound

20 (B5) was (A3)/(B5) = 55/45 (molar ratio). After the reaction

- for 1 hour, Zr was not detected in the supernatant toluene.
A portion of the heptane slurry of the solid catalyst component
(Y-2) was sampled and the concentrations were determined,

resulting in a Zr concentration of 0.034 mg/mL and an Al



catalyst MI 0.020 MN Polymera zation results component amount 9  Yield 81.86 59.57 80.28
Activit g/ -cat/b 2456 1990 2320 555

concentration of 2.3 mg/mlL.
[0468]

Polymerization

Polymerization was carried out in the same manner as in
5 Example M-1, except that the solid catalyst component (Y-1)
was replaced by the solid catalyst component (¥Y-9). The
polymer cbhbtained was dried under vacuum for 10 hours toc afford
113.7 g of an ethylene/l-hexene copolymer. Results of GPC
analysis and properties of the polymer are set forth in Table
106 6.
[0469]
[Example M-18]
[Preparation of solid catalyst component (Y-10)]
A solid catalyst component (Y~-10) was synthesized in the
15 same manney as for the solid catalyst component (Y-2) in Example
M—-4, except that the metallocene compound (Bl} was repiaced
by the metallocene compound (B6), and the reacticon molar ratio
of the metallocene compound (A3) and the metallocene compound
(B6) was {A3)/{(B6) = 55/45 (molar ratio). After the reaction
20 for 1 hour, Zr was not detected in the supernatant toluene.
A portion of the heptane slurry of the sclid catalyst component
(Y-10) was sampled and the concentrations were determined,
resulting in a Zr concentraticon of 0.036 mg/mL and an Al

concentration of 2.3 mg/mL.
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[0470]

Polymerization

Polymerization was carried cut in the same manner as in
Example M-1, except that the solid catalyst component (Y-1)
5 was réplaced by the solid catalyst component (Y-10), and the
polymerization temperature and the l-hexene amount were
changed from 80°C and 10 mL to 70°C and 30 mL. The polymer
obtained was dried under vacuum for 10 hcours to afford 116.0
g of an ethylene/l-hexene copolymer. Results of GPC analysis
10 and preperties of the polymer are set forth in Table 6.
[0471]
[Example M-19]
[Preparation of solid catalyst component {¥X-11)]
A 200ml glass flask purged with nitrogen was charged with
15 50 mlL of toluene, and the toluene slurry of the solid component
{8y (1.0 g in terms of the solid component} was added thereto.
Further, 12.7 mlL of a toluere sclution of the metallocene
compound {(B1) (0.002 mmol/mL in terms of Zr atom) was added
dropwise. Reaction was performed at room temperature for 1
20 hour. After the reaction, the supernatant was removed by
decantation. The residue was washed with heptane two times and
was slurried into 100 mL of a heptane slurry (solid catalyst
component ¥X-11). A portion of the heptane slurry of the sclid

catalyst component (X-11l) was sampled and the concentrations
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were determined, resulting in a Zr concentration of 0.023 mg/mL
and an Al concentration of 1.3 mg/mL.

Polymerization

A 1 L 8SUS autoclave thoroughly purged with nitrogen was
5 cﬁargedwithsoorﬂ;ofpurifiedheptane,andethylenewaspassed
through the autoclave to saturate the liquid phase and the gas
phase with ethylene. Further, 10 mL of 1-hexene and 0.375 mmol
of triiscbutylaluminum were added, and 8 mg and 12 mg in terms
of the solid component of the solid catalyst component (X-2)
10 and the solid catalyst component (X-11), respectively,
((a2)/(Bl) melar ratio = 40/60) were added to the autoclave.
The temperature was increased to 80°C, and polymerization was
performed at 0.78 MPa*G for 90 minutes. The polymer cbtained
was dried under vacuum for 10 hours to afford 79.7 g of an
15 ethylene/l-hexene copolymer. Results of GPC analysis and
properties of the polymer are set forth in Table 6.
[0472] |
[Example M-20]

Polymerization

20 A 1 L SUS autoclave thoroughly purged with nitrogen was
charged with 500 mL of purified heptane, and ethylene was passed
through the autoclave to saturate the liguid phase and the gas
phase with ethylene. Further, 10 mL of 1-hexene and 0.375 mﬁ§l

of triiscbutylaluminum were added, and 5 mg and 15 mg in terms
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of the solid component of the solid catalyst component (X-3)
and the solid catalyst component (X-11), respectively,
((AB}/(Bl) molar ratio = 25/75) were added to the autoclave.
The temperature was increased to 80°C, and polymerization was
performed at 0.78 MPa:G for 90 minutes. The polymer obtained
was dried under vacuum for 10 hours to afford 48.7 g of an
ethylene/l-hexene copolymer. Results éf GPC analysis and
properties of the polymer are set forth in Table 6. |
[0473]

[Example M-21]

[Preparation of solid catalyst component (Y-11)]

A 200 mL glass flask purged with nitrogen was charged with
50 mL of toluene, and the toluene_slurry'of'the solid component
(8) (1.0 gin terms of the solid component) prepared in Example
L-11 was added thereto. Further, 5.6 mL of a toluene solution
of the metallocene compound (dimethylsilylene
(cyclopentadienyl)(3—n—propylcyc10pentadienyl)zirconium
dichloriae (A2)) (0.002 mmol/mL in terms of Zr atom) and 7.1
mL of a toluene solution of the metallocene compound (B1) (0.002
mmol/mL in terms of Zr atom) wefe added dropwise as a mixture
((A2}/(B1) molar ratio = 44/56). Reaction was performed at
room temperature for 1 hour. After the reaction for 1 hour,
Zr was not detected in the supernatant toiuene. The

supernatant was removed by decantation. The regidue was wagshed
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with heptane two times and was slurried into 50 mL of a heptane
slurry (solid catalyst component Y-11).
[Preparation of prepolymerized catalyst component (YP-11)]
The heptane slurry of the solid catalyst component (Y-11)
5 was cocled to 10°C.. Under a stream of nitrogen, 2.0 mmol of
diisobutylaluminum hydride (DiBAl-H) and 0.13 mL of l-hexene
were added. After the addition of l-hexene, the supply of
ethylene was initiated. The solid catalyst component was:
polymerized with a three-fold weight of ethylene relative to
10 the solid catalyst component at a temperature of 35°C
(prepolymerization). The supernatant was removed by
decantation. The golid catalyst component was washed with
heptane three times and was slurried into 50 mL of a heptane
slurry.
15 [0474]
Subsequently, 10 mg of Chémistat 2500 (manufactured by
Sanyo Chemical Industries, Ltd.) was added to the slurry, and
the Chemistat 2500 was reacted with the prepolymerized catalyst
component by keeping the temperature in the system at 34 to
20 36°C for 1 hour. The supernatant was removed by decantation.
The prepolymerized catalyst component was washed with hexane
three times.
[0475]

The hexane slurry was transferred toa 100 mL glass Schlenk
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flask, and hexane was distilled away under reduced pressure
at 25eC, Thus,-410 g of a prepolymerized catalyst compeonent
(Yp-11) wés obtained which was polymerized with 3 g of the
polyme# per 1 g of the solid catalyst compoﬁent.

[0476]

The prepoclymerized catalysﬁ component (YP-11}) was
analyzed for composition and was found to contain 0.50 mg of
Zr atom per 1 g of the solid catalyst component.

[0477]

Polymerization

Polymerization was carried out in the same manner as in
Example M-1, except that the solid catalyst compeonent (Y-1)
wasxeplacedtnrtheprepolymerizedcatalystcomponent(YP—lz).
The polymer obtained was dried under vacuum for 10 hours to
afford 64.3 g of an ethylene/l-hexene copolymer.. Resulits bf
GPC analysis and properties of the polymer are set forth in
Table 6. |
[0278]

[Example M-22]
[Preparation of solid catalyst component (Y-12)]

A solid catalyst component (Y-12) was synthesized in the
same manner as for the solid catalyst component (¥Y-11) in
Example M-21, except that the reaction molar ratio of the

metaliocene compound (A2) and the metallocene compound (B1)
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was changed from (A2)/{(Bl) = 44/56 (molar ratib) to (A2} /(B1)
= 47/53 {(molar ratio}. After the reaction for 1 hour, Zr was
not detected in the supernatant toluene.
[0479]
[Preparation of prepolymerized catalyst component (YP-12)]
A solid catalyst component (YP-12) was prepared in the
same mannexr as for the prepolymerized catalyst component
(YP-11) in Example M~21; except that the solid catalyst
component (Y-11) was replaced by the solid catalyst component
(Y-12). The prepolymerized catalyst component (¥YP-12) was
analyzed for compesition and was found to conﬁéin 0.50 mg of
Zr atom per 1 g of the solid catalyst component.

{0480]

Polymerization

Polymerization was carried out in the same manner as in
Example M-1, except that the solid catalyst component (Y-1)
was replaced by the solid catalyst component (YP-12). The
polymer obtained was dried under vacuum for 10 hours to afford
81.9 g of an ethylene/l-hexene copolymer. Results of GPC
anaiysis'and properties of the polymer are set forth in Table
7.
[0481]
[Example M-23]

[Preparation of solid catalyst component (Y-13)]
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A s0lid catalyst component (Y-13) was synthesized in the
same manner as for the solid catalyst component {(Y¥-11) in
Example M-21, except that the metallocene compound (A2) was
replaced by the metallocene compound (A3}, and the reaction

5 mélarratioofthen@tallocenecompound(A3)andthenetallocene
compound (Bl) was (A3)/(B1) = 37/63 (molar ratio).. After the
reaction for 1 hour, Zr was not detected in the supernatant
toluene.

[0482]
10 [Preparation of prepolymerized catalyst component (YP-13)]

A solid catalyst component (YP-13) was prepared in the
same manner ag for the.prepolymerized catalfst component
(YP-11) in Example M-21, ‘except that the solid catalyst
component (Y-11) was replaced.by the solid catalyst component

15 {(Y-13). The prepolymerized catalyst component (YP-13) was
analyzed for composition and was found to contain 0.50 mg of
4r atom per 1 g of the solid catalyst compornent.

[0483] |

Polymerization

20 Polymerization was carried out in the same manner as in
Example M-1, except that the solid catalyst component (Y-1)
was replaced by the solid catalyst component (YP-13). The
polymer obtained was dried under vacuum for 10 hours to afford

59.6 g of an ethylene/l-hexene copolymer. Results of GPC
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analysis and properties of the polymer are set forth in Table
7. |
[0484]
[Example M-24]
5 [Preparation of solid'catalyst component (¥Y-14)]

A solid catalyst component (¥Y-14) was synthesized in the
same manner as for the solid catalyst component (Y-lB}_in
Example M-23, except that the reaction molar ratio of the
metallocene compound (A3) and the metallocene compound (Bl)

10 was changed from.(AB)/(Bl) = 37/63 (molar ratio) to {(A3)/(B1l)
= 45/55 {molar ratio). After the reaction for 1 hour, Zr was
not.det@cted in the supérnatant toluene.
§04851
[Preparation of prepolymerized catalyst component (YP-14)]
15 A golid catalyst component {¥YP-14) was prepared in the
same manner as for the prepolymerized catalyst component
(YP-11) in Example M-21, except that the sclid catalyst
component (Y-11) was replaced by the solid catalyst component
{(¥y-14). The prepolymerized catalyét component (YP-14) was
20 analyzed for cbmposition and was found to contain 0.50 mg of
Zr atom per 1 g of the solid catalyst component.
[0486]

‘Polymerization

Polyvmerization was carried out in the same manner as in
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Example M-1, exéept that the solid catalyst component (Y-1)
was replaced by the solid catalyst component (YP-14). The
polymer obtained was dried under vacuum for 10 hours to afford
80.3 g of an ethylene/l-hexene copolymer, Eesults of GPC

analysis and properties of the polymer are set forth in Table

7.

[0487]

[Exampie M-25]

[Preparation of solid catalyst component (Y-15)]

A solid cétalyst component (Y-15) was synthesized in the
same manner as for the solid.catalyst component (¥-13} in
Example M-23, except that the reaction molar ratio of the
metallocene compound (A3) and the.metallocene compound (B1)
was changed from (A3)/{Bl) = 37/63 (molar ratio) to (A3)/{(B1)
= 49/51 (molar ratio). After the reaction for 1 hour, Zr was
not &etected in the supernatant toluene.

[0488]
[Preparation of prepolymerized catalyst component (YP-15)]

A solid catalyst component (YP-15) was prepared in the
same manner as for thé prepolymerized catélyst cqmpogent
(YP-11} in Example M-21, except that the solid catalyst
component {Y-11) was replaced by the solid catalyst component
(Y-15). The prepolymerized catalyst component (YP-15) was

analyzed for composition and was found to contain 0.50 mg of
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Zr atom per 1 g of the solid catalyst component.
[0489]

Polymerization

Polymerization was carried out in the same manner as in
5 Example M-1, except that the solid catalyst component {(y-1)
was replaced by the solid catalyst component (YP-15). The
polymer obtained was dried under vacuum for 10 hours to afford
94.1 g of an ethylene/l-hexene copolymer. Results of GPC
analysis and propextiés of the polymer are set forth in Table.
10 7.
[0490]
EExamplé M-26]
[Preparation of solid catalyst component (Y¥-16)]
A solid catalyst component (Y-16) was synthesized in the
15 same manner as for the solid catalyst component (¥Y-13) in
Example M-23, except'that the reaction molar ratio of the
.metallocene compound (A3) and the metallocene compound (B1)
was changed from (A3)/(Bl} = 37/63 (molar ratio) to (A3)/ (B1l)
= 55/45 {(molar ratio). After the reaction for 1 hour, Zr was
20 not detected in the supernatant tocluene.
[0491]
[Preparation of prepolymerized catalyst component (YP-16)]
A solid catalyst component (YP-16) was prepared in the

same manner as for the prepolymerized catalyst component
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(YP-11) in Example M-21, except that the solid catalyst

component (¥-11) was replacedfby the solid catalyst component

(Y-16) . The prepolymerized catalyst component (YP-16} was

analyzed for composition and was found to contain 0.50 mg of
5 Zr atom per 1 g of the solid catalyst component.

[0492]

Polymerization

Polymerization was carried out in the same manner asg in
Example M-1, except that the solid catalyst component (Y-1)
10 wasreplacedknrtheprepolymerizedcatalystcomponent(YP?lﬁ).
The polymer obtained was dried under vacuum for 10 hours to
afford 63.6 g ¢of an ethylene/l—hexene.copolymer. Results of
GPC analysis and pfoperties of the polymer are set forth in
Table 7.
15 [Example M-27]
[Preparation of prepolymerized catalyst component (YP-17)]
.Aprepolymerizedcatalystcomponent(YP-E?)wasprepared
in the same manner as for the prepolymerized catalyst'component
(YP-11) in Example M-21, except that the amount of the Chemistat
20 2500.was increased from 10 mg to 40 mg. The prepolymerized
catalyst component (YP-17) was analyzed for composition and
was foﬁnd to contain 0.50 mg of Zr atom per 1 g of the solid
cataiyst component.

[0493]
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Polymerization

Polymerization was carried out in the same manner as in
Example M-1, éxcept that the solid catalyst component (¥Y-1)
was replaced by the prepolymerized catalyst component (YP-17).
5 The polymer obtained was dried under vacuum for 10 hours to
afford 59.6 g of an ethylene/l-hexene copolymer. Results of
GPC analysis and properties of the polymer are set forth in
Table B.
[0494]
10 [Example M-28] |
[Preparation of solid catalyst component (¥-18)]
A 200 ml glass flask purged with nitrogen was charged with
50 mL of toluene, and the toluene slurry of the solid component
{S) (1.0 g in terms of the solid component) prepared in Example
15 L-11 was ladded thereto. Further, 5.3 mlL of a toluene solutiocn
of the metallocene compound (dimethylsilylene
(cyclopentadienyl)- (3-n—propyicyclopentadienyl) zirconium -
dichloride' (A2)) (0.002 mmol/mL in terms of Zr atom) and 7.4
mL of a toluene soclution of the me’talldcene compound (B-1)
20 (0.002 mmol/mL in terms of Zr atom) were added dropwise as a
mixture .( (p2)/(B1) molar ratio = 42/58) at room temperature.
After the dropwise addition, the temperature was increased to
75°C. Reactionwag performedat 75°C for 2 hourg. The reaction

product was washed with heptane two times and was slurried into
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50 mL of a heptane slurry (solid catalyst component Y-18).
After the reaction for 2 hours, Zr was not detected in the
supernatant toluene.
[0495]
5 [Preparation of prepolymerized cétaiyst component (YP-18)]
Theheptaneslurrycﬁfthesolidcataiystcomponent(Y-18)
was cooled to 18°C. Under a stream of nitrogen, 10 mg of
Chemigtat 2500 was'added, and reaction was performed for 5
minutes. Subsequently,2.0nmxﬂ.ofdiisobutylalumiﬁumhydride
10 (DiBAl-H) and 0.13 mL of l-hexene were added in this order.
~ After the addition of 1-hexene, the supply of ethylene was
initiated. The solid catalyst compeonent was polymerized with
a three-fold weight of ethylene relative to'the_solid catalyst
component at a teﬁperature of 35°C (prepolymerization). The
15 supernatant was removed by decarntation. The solid catalyst
component was washed with heptane three times and was slurried
into 50 mL of a heptane glurry.
[0496]
Subsequently, 40 mg of Chemistat 2500 was added to the
20 slurry, and the Chemistat 2500 was reacted with the
prepolymerized catalyst component by keeping the temperature
in the system at 34 to 36°C for 1 hour. The supernatant was
removed by decantation. Theprepolymerizedcatalystcomponent

was washed with hexane three times.
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[0497]
Thehexaneslurrywastransferredtx:alOOnglassSchlenk
flask, and hexane was distilled away under reduced pressure
at 25°C.'.Thus, 4.0 g of a prepolymerized catalyst component
(YP-18) was obtained which was polymerized with 3 g of the
polymer per 1 g of the sclid catalyst component.
fo498]
The prepolymerized catalyst com@onent (YP-18) was
analyzed for composition and was found to contain 0.50 mg of
Zy atom per 1 g of the solid catalyst component.

[0499]

Polymerization

folymerization was carried out in the same mannér ags in
Example M-1, except that the solid catalyst component (Y-1)
was replaced by the prepeolymerized catalyst component (YP-18).
The polymer obtained was dried under vacuum for 10 hours to
afford 102.2 g of an ethylene/l-hexene copolymer. Results of
GPC analysis and properties of the polymer are set forth in
Table 8.
[0500]
[Example M-29]
[Preparation of.solid catalyst component (Y¥-19)]

A solid catalyst component (Y-19) was synthesized in the

same manner as for the solid catalyst component (¥-18) in
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Example M-28, except that the reaction meolar ratio of the
metallocene compound (A2) and the metallocene compound (Bl)
was changed from (A2)/(B1l} = 42/58 (molar ratio) to a reaction
molar ratioof themetallocene compound (AZ) and themetallocene
5 compound (B1l) of (A2)/(Bl) = 24/76 {(molar ratic). After the
reaction for 1 hour, Zr was not detected in the supernatant
toluene.
[0501]
[Preparation of prepolymerized catalyst component (YP-19)]
10 A solid catalyst component (YP-19) was prepared in the
gsame manner as for the prepolymerized catalyst component
(YP-11) in Example M-21, except that the solid catalyst
component (Y-11) was replaced by the solid catalyst component
(Y=19). The prepolymerized catalyst component (YP-19) was
15 analyzed for ccomposition and was found teo contain 0.50 mg of
Zr atom per 1 g of the solid catalyst component.
[0502]

Polymerizatiocn

Polymerization was carried out in the same manner as in

20 Example M~1, except that the solid catalyst compangnt (Y-1}
was replaced by the solid catalyst component (YP-19). The

polymer cbtained was dried under vacuum for 10 hours to afford
75.9 g of an ethylene/l-hexene copolymer. Results of GPC

analysis and properties of the polymer are set forth in Table
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[0503]
[Example M-30]
Polymerization
5 Polymerization was carried out in the same manner as in

Example M-1, except that the solid catalyst component (Y-1)

was replaced by the prepolymerized cataiyst component (YP-11)

and the polymerization temperature was changed from 80°C fo

70°C. The polymer obtained was dried.u.nder vacuum .for 10 hours
10 to afford 59.1 g of an ethylene/l-hexene copclymer. Results

of GPC analysis and properties of the polymer are set forth

in Table §.

A{osaé]

[Exémple M-31]

15 Polymerization

A 1 L 8US autoclave thoroughly purged with nitrogen was
chargedwithSOGrm;ofpurifiedheptaﬁe,andethylenewaspassed
through the autoclave to saturate the liguid phase and the gas
phase with ethylene. Further, 10 mL of 1-hexene and 0.375 mmol

20 of triisobutylaluminum were added in this oider, and 35 mg in
terms of the golid catalyst component of the prepolymerized
catalyst component (¥YP-19) was further added to the autoclave.
Subsequently, 1.7 mg of Cﬁemistat 2500 was added. The

temperature was increased to 80°C, and polymerization was
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- performed at 0.78 MPa-G for 90 minutes. The polymer obtained

was dried under vacuum for 10 hours to afford 49.3 g of an
ethylene/l-hexene copolymer. Results of GPC analysis and
properties of the polymer are set forth in Table 8,

[0505]

[Exxample M-32]

Polymerization

Polymerization was carried out in the same manner as in
Example M-31, except that 1.7 mg of Chemistat 2500 was reélaced
by 3.3 mg of PLURONIC L71 (manufactured by ADEKA CORPORATION) .
The polymer obtained was dried under vacuum for 10 hours to
afford 52.6 g of an ethylene/1~hexene copolymer. Results of
GPC analysis and properties of the polymer are set forth in
Table 8.

[0506]
{Comparative Ekample M-1]
[Preparation of solid catalyst component (EY-1)]

A solid catalyst component (EY-1) was gynthesized in the
samemannarasforthesolidcatalystcomponent(Y-2)inExample
M-4, exceét that the metallocene compound (A3} was replaced

by the metallocene compound (E1l), and the reaction molar ratio

of the metallocene compound (E1l) and the metallocene compound

(B2) was (E1)/({B2) 80/20 {molar ratio). After the reaction

H

for 1 hour, Zr was not detected in the supernatant toluene.
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‘A portion of the heptane slurry of the solid catalyst component
(EY-1) was sampled and the concentrations wefe determined,
resulting in a Zr concentration of 0.037 mg/mL and an Al
concentration of 2.3 mg/mL.

5 [0507]

Polymerization

Polymerization was carried out in the same manner as in
.Example M-1, except that the solid catalyst component (¥-1)
was replaced by the solid catalyst component (EY-1), and the
10 ethylene gas was replaced by hydrogen/ethylene mixture gas
(hydrogen concentration: 0.45 vol%}. The polymer obtained was
dried under vacuum for 10 hours to afford™87.4 g of an
ethylene/l-hexene copolymer. Results of GPC analysis and.
properties bf the polymer are set forth in Table 9.
15  [0508]
The clefin polymerization catalysts according to the
presen‘t invention, in com;_oafizon with Comparative Example M-1,
were demonstrated to afford the ethylene polymers claimed in
the invention with high productivity. This result was because
20 the metallocene compounds (the components A} used in the
invention afforded polymers having a low molecular weight and
a large number of terminal vinyl bonds with high catalytic
activity. (

f05089]
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[Comparative Example M-2]
[Preparation of solid catalyst component (EY-2)]
A.solid catalyst component (EY-2) was synthesized.iﬁ ﬁﬂe

same manner as for the solid catalyst component (Y-2) in Example
5 M-4, except that the metallocene compound (A3) was replaced

by the metallocene compound (ES5), and the reaction molar ratio

of the metalilocene compound (E5) and the metallocene cémpound

(B2) was (E5)/(B2) = 35/65 (molar ratio). After the reaction

for 1 hour, Zr was not detected in the supernatant toluene.
10 A portion of the heptane slurry of tﬁe solid cataiyst component

(EY-2) was sampled and the concentrations were determined,

resulting in a Zr concentration of 0.033 mg/mL and an Al

concentration of 2.1 mg/mL.

[0510]

15 Polyvmerization

Polymerization was carried out in the same manner as in
Example M-1, except that the solid catalyst component (Y-1)
was replaced by the solid catalyst component (EY-2), and the
ethylene gas was replaced by hydrogen/ethylene mixture gas
20 (hydrogen concentration: 0.65 vol%). The polymer obtained was
dried uhder vacuum for 10 hours ﬁo afford 47.9 g of an
ethylene/l-hexene copolymer. Results of GPBC analysig and
properties of the polymer are set forth in Table 9.

[0511]
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The polymer obtained in Comparative Example M-2
substantially did not have long-chain branches and did not meet
the preferred requirement for the ethylené polymers produced
according to the processes of the invention. This result was

5 because metallocene compounds such as that used in Comparative
Example M-2 having substituent groups on both the
cyclopentadienyl rings afforded polymers having a high
molecular weight and a small number of terminal vinyl bonds.
[0512]

10 [Comparative Example M-3]
[Preparation of solid catalyst component (EY-3)]

A solid catelyst component (EY-3) was synthesized in the
same manner as for the solid catalyst component (Y-2} in Example
M~4, except that the metallocene compound (A3} was replaced

i5 by the metallocene compound (E2), and the reaction molar ratio
of the metallocene compound (EZ) and the metallocene compound
(B2) was (E2)/{(B2) = 10/90 {moclar ratio}). After the reaction
for 1 hour, Zr was not detected in the supernatant tcluene.
A portion of the heptane slurry of the solid catalyst component

20 (EY-3) was sampled and the concentrations were determined,
resulting in a Zr concentration cf 0.030 mg/mL and an Al
concentration of 2.4 mg/ml.
[0513]

Folymerization




Metallocene compound Cmpnt. A A2 A2 A2 Cmpnt.B E1 E1 81 Cmpnt.(A)/ cmpnt.(B) Molar ratio
44/56 24/76 24/76 Prepolymerized catalyst com%%%ent No. XP-I1 YP-19

Polymerization was carried out in the same manner as in
Exémple M-1, except that the sclid catalyst component (Y-1)
was replaced by the sclid catalyst compeonent (EY-3). The
polymer obtained was dried under vacuum for 10 hours to afford

5 77.8 g of an ethylene/l-hexene copolymer. Results cf GPC
analvais and properties of the polymer are set forth in Table
9.
[0514]
[Comparative Example M-4]

19 [Preparation of solid catalyst component (EY-4)]

L solid catalyst cemponent (EY-4) was synthesized in the
same manner as for the solid catalyst component (Y-1) in Example
M~1, except that the metallocene compound (AZ) was replaced
by the metallocene compound (EZ2), and the reaction molar ratio

15 of the metallccene compound (EZ) and the metallocene compound
(BLY was (E2)/{Bl) = 30/70 (molar ratio). After the reaction
for 1 hour, Zr was not detected in the supernatant toluene.
A portion of the heptane slurry of the solid catalyst component
(EY-4) was sampled and the concentrations were determined,

20 resulting in a Zr concentration of 0.035 mg/mL and an Al
concentration of 2.0 mg/mL.

[0515]

Polymerization

Polymerization was carried out in the same manner as in



YP-19 Polymerization conditions Polymer Ethylene/ hexene Ethylene/ hexene Ethylene/ hexene
Hydrogen amount volt 0 0 0 Polymerization results Solid catalyst component amount 0.050 0.035
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Example M-1, except that the solid catalyst component (Y-1)
was replaced by the solid catalyst component (EY-4}. The
polymer obtained was dried under vacuum for 10 hours to afford
91.6 g of an ethylene/i-hexene copolymer. Results of GPC
5 analysis and properties of the polymer are set forth in Table
9.
[0516]
From the compariéon with Comparative Examples M-3 and M-4,
the olefiﬁ polymerization catalysts according to the present
10 invention were demonstrated to afford more preferred ethylene
polymers (for example, having properties 1l and 2) than prodﬁced
wi.th the catalysts used in Comparative Examples M-3 and M-4.
This result was because the metallocene compounds (the
components A) used in the invention afforded polymers having
15 a lower molecular weight and a larger number of terminai vinyl
bonds with higher catalytic activity than the metallocene
compound (E2) used in Comparative Examples M-3 and M-4 which
had substituent groups on both the cycl.opentadienyl rings.
[0517]
20 [Preparation of prepolymerized catalyst components]
[Preparation of solid catalyst component (Y-20)]
A 150 L reactor equipped with a stirrer was charged in
a nitrogen atmoesphere with 50..1 L of toluene, and the.toluene

slurry of the solid component (8) (1265 g in terms of the solid '



0.054 Yield 4! 59.09 449.31 52.64 Activity gig-cat/h 1330 940 1030 Polymer analysis results MFR
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component) prepared in Exaﬁple L-11 was added thereto.
Separately, 5.72 g of the metallocene compound (A2} {(14.65 mmol
in terms of Zr atom) and 9.00 g of the metallocene compound
,(Bl) (16.52 mmol in terms of Zr atom) ({(A2)/(B1) molar ratio
5 = 47/53) were placed in a 2 L glass reactor in a nitrogen
atmosphere. The compounds were dissolved in 2.0 L of toluene,
and the solution was injected to the above reactor. After the
injection, reaction was performed at an inside temperature of
20 to 25°C for 1 hour. .The supernatant was removed by
| 10 decantation.‘ The seolid cataly.st component obtained was washed
with hexane two times, and hexane was added thereto to a total
volume of 50 L, thereby preparing a hexane slurry of the solid
catalyst component (Y-20).
[0518]
15 [Preparation of prepolymeriéed catalyst component (YP-20)]
The hexane slurry of the solid catalyst component (Y—ZO)
was cooled to 10.0°C. Ethylene was continuously supplied to
the system under atmospheric pressure for several minutes.
During the supply, the temperature in the system was maintained
20 at 10 to 15°C. Subsequently, 2.7 mol of diisobutylaluminum
hydride (DiBAl-H) and 84 mL of l-hexene were added. After the
addition of i-hexene, the supply of ethylene was initiated at
1.82 kg/hour and prepolymerization was carried out at 32 to

37°C in the system. After 58 minutes from the initiation of
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the prepolymerization, 43.0 mL of 1-hexene was added. Another

43 .0 mL of i-hexene was added after the passage of 111 minutes.

After 153 minutes fromthe initiation of the pi‘epolymerization,

the ethyl\ene supply was terminated at a total supply of 3827
5 g. Tﬁe supernatant was removed by decantation. The solid

catalyst component was washed with ‘hexane three times, and

hexane was added thereto to a total volume of 66 L. .

[0519]

Subsequently, a hexane solution of Chemistat 2500 (13.1

10 g) was injected at a température in the system of 34 to 36°C,

anci ﬁhe temperature was maintainéd at 34 to 36°C for 1 hour

to cause the Chemistat 2500 to be supported on the |

prepdlymerized catalyst component. The supernatant was

removed by decantation. The prepolymerized catalyst component
15 was washed with hexane four times.

[0520]

Thereafter, 25 L of the hexane slurry of the
prepolymerized catalyst component (5268 g in terms of the
prepolymerized solid catalyst component) was transferred to

20 a 43 L evaporator equipped with a stirrer in a nitrogen
atmosphere. After the transfer, the evaporator was evacuated
to -65 kPaG in about 3.5 hours. After the pressure reached -65
kPaG, the slurry was dried under vacuum for about 4.0 hours

to remove hexane and volatile components of the prepolymerized



5.55.6 6.3 GPC peak analysis Fraction ratio Cmpnt. A 79.1 76.41 72.8 Cmpnt. 8 17.9 18.6 21.4 3rd
cmpnt. 4.96.1 7.2 LogM.fl 4.36 547

catalyst component. The evaporator was further evacuated to ~-100
kPaG. After the pressure reached -100 kPaG, the component was
dried under vacuum for & hours. Thus, a prepolymerized catalyst
component (YP-20) was obtained which was polymerized with 3 g of
5 the polymeyr per 1 g of the solid catalyst component.
[0B21]
Aporticnof the prepolymerized catalyst component was dried
and analyzed for composition and was found to contain 0.50 mg of
Zr atom per 1 g of the solid catalyst component.
10 [0522]
[Preparation of solid catalyst component (Y-21)]
A hexane slurry of a solid catalyst compenent (Y-21) was
synthesized in the same manner as for the solid catalyst component

(Y-20), except that the reaction ratio of the metallocene compound

15 (A2} and the metallocene compound (B1l} was changed from (AZ}/(Bl)
= 47/53 (molar ratie) to (AZ)/{(Bl) = 42/58 {(molar ratio).
(05231

[Preparation of prepeolymerized catalyst component (YP-Z21)]
A prepolymerized catalyst component (YP-21}) was obtained
20 in the same manner as for the prepolymerized catalyst component
(YP-20), except that the solid catalyst component (Y-20) was
replaced by the solid catalyst component (Y-21). The

prepolymerized catalyst component was analyzed for composition
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and was found to contain 0.50 mg of Zr atom per 1 g of the solid
catalyst component.

[0524]

[Preparation of solid catalyst component (Y-22)]

A hexane slurry of a solid catalyst component (Y-22) was
synthesized in the same manner as for the solid catalyst
component (Y~2(}) , except that the reaction ratio of the
metallocene compound- (A2} and the metallocene compound (B1)
was changed from (AZ2)/ (B1) = 47/53 (molar ratio) to (A2)/(B1)
= 39/61 {molaxr ratio).

[0525]
[Preparation of prepolymerized catalyst component (YP-22)1

A prepolymerized catalyst component (YP-22) was obtained
in the same manner as for the prepolymerized catalyst component
(YP-20), except that the solid catalyst component (¥Y-20) was
replaced by the sclid catalyst cémponent (Y-22}. The
prepolymerized catalyst component was analyzed for composition
and was found to contain 0.50 mg of Zr atom per 1 g of the solid
catalyst component.

{0526]
[Preparation of solid catalyst component (¥-23)]

A hexane slurry of a solid catalyst component (Y-23) was
gynthesized in the same manner as fdr the solid catalyst

component (Y-20), except that the metallocene compound (A2)
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was repiaced by the metallocene compou_nd' (A3), and the reaction
ratio _éf the metallocene compound (A3) and the metallocene
compound (Bl) was (A3)/(Bl) = 45/55 (molar ratio) .
[0527]

5 [Preparation of prepolymerized catalyst component (YP-23)]

A prepolymerized catalyst component (YP-23) was obtained
in the same manner as for the prepolymerized catalyst component
(YP-20)}, except that the solid catalyst component (Y-20) was
replaced by the solid catalyst component (Y-23). The

10 prepolymerized catalyst component was analyzed for composition
and was found to contain 0.50 mg of Zr atom rer 1 g of the solid
catalyst component.

[0528]
[Preparation of solid catalyst component (¥Y-24)]

15 A hexane slurry of a solid catalyst component (Y-24) was
synthegized in the same manner as for the solid catalyst
component (Y-23), except that the reaction ratio of the
metallocene compound (A3) and the metallocene compound (B1)
was changed from (A3)/(Bi) = 45/55 (molar ratio) to (A3)/(R1l)

20 = 40/60 (molar ratio).

[0B29]
[Preparation of prepolymerized catalyst component (YP-24}]

A prepolymerized catalyst component (YP-24) was obtained

in the same manner as for the prepolymerized catalyst component
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(¥P-20), except that the solid catalyst component (Y-20) was
replaced by the solid catalyst component (Y¥Y-24}). The
prepolymerized catalyst component was analyzed for composition
and was found to contain 0.50 mg of Zr atom per 1 g cf the solid
catalyst component.
[0530]
[Preparation of solid catalyst component (Y-25)]

A 150 L reactor equipped with a stirrer was charged in
a nitrogen atmosphere with toluene and the toluene slurry of
the solid component (S) (1575 g in terms of the sclid component)
prepared in Example L-11. The total volume was adjusted to 33
L. Separately, 3.58 g of the metallocene compound (AZ) {9.18

mmol in terms of Zr atom} and 15.83 g of the metallocene compound

(B1) (29.06 mmol in terms of Zr atom) ((A—z)/(B—l) molar ratio

.= 24/76) were placed in a 2 L glass reactor in a nitrogen

atmosphere. The compounds were dissolved in 2.0 L of toluene,
and the solution was injected to the above reactor. After the
injection, reaction was pérformed at an inside temperature of
73 to 76°C for 2 hours. The supernatant was removed by
decantaticon. The solid catalyst component obtained was washed
with hexane three times, and hexane was added thereto to a total
volume of 25 L, thereby preparing a hexane slurry of the solid
catalyst component (Y-25).

[0531]



Polymerization conditions Polymer Ethylene/ hexene Ethylene/ hexene Ethylene/ butene Ethylene/
hexene Hydrogen amount volt 0.45 0.65 0 O Polymerization results Solid catalyst component amount

g
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[Preparation of prepolymerized catalyst component (YP-25)]
The hexane slurry of the solid catalyst component (Y-25)
was cooled to 10.8°C. A hexane solution of Chemistat 2500 (15.9
g) was injected té the reactor, and 1.4 mol of
5 diisobutylaluminum hydride (DiBAl-H) was added. Ethylene was
continuously supplied to the system under atmospheric pressure
for several minutes. D.uring the supply, the temperature in the
system was maintained at 10 to 15°C. Subsequently, 103 mL of
l~hexené was added. After the addition of 1-hexene, the supply
10 of ethylene was initiated at 1.5 kg/hour and prepolymerization
was carried out at 32 to 37°C in the system. After 85 minutes
from the initiation of the prepolymerization, 52 mL of 1-hexene
was added. Another 52 mlL of l1-hexene was added after the
passage of 155 minutes. After 217 minutes from the initiation
15 of the prepclymerization, the ethylene supply was terminated
at a total supply of 4643 g. The supernatant was removed by
decantation. The solid catalyst component was washéd with
hexane four times, and hexane was added thereto to a total volume
of 25 1.,
20 [0532]
Subsequently, a hexane solution of Chemistat 2500 (63.8
g) was injected at a temperature in the system. of 34 to 36°C,
and the temperature was maintained ai; 34 to 36°C for 2 hours

to cause the Chemistat 2500 to be supported on the
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prepélymerized catalyst component. The supernatant was
removed by decantati.on. The prepolymerized catalyst component
was washed with hexane four times.

[0533]

5 .‘I'hereafter, 25 I, of the hexane slurry of the
preﬁolymerized catalyst component (6456 ¢ in terms of the
prepolymerized solid catalyst component) was transferred to
a 43 L. evaporator equipped with a stirrer in a nitrogen
atmosphere. After the transfer, the evaporator was evacuated

10 to -68 kPaG in about 60 minutes. After the pressure reached
-68 kPa@, the slurry was dried under vacuum for about 4.3 hours
to remove hexane and volatirle components of the prepolymerized
catalyst component. The evaporator was furthef evacuated to
-100 xPaG. After the pressure reached -100 kPaG, the component

15 was dried under vacuum for 8 hours. Thus, a prepolymerized
catalyst component (YP-25) was obtained which was polymerized
with 3 g of the polymer per 1 g of the solid catalyst component.

A portion of the prepolymerized catalyst component was
dried and analyzed for compesition and was found to contain

20 0.5 mg of Zr atom per 1 g of the solid catalyst component.
{0534]

{Examples M-33 to M-46]

Polymerization

Ethylene polymers were produced ina 1.7 m® fluidized-bed
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gas-phase polymerizer using the prepolymerized catalyst
components (YP-20 to YP-25).
[0535]
The prepolymerized catalyst component was continuously
5 supplied to the reactor, and copolymerization was carried out
at a total pressure of 2.0 MPa-G, an ethylene partial pressure
of 1.2 MPa-A, a gas linear velocity of 0.8 m/sec in the reactor,
and a polymerization temperature of 80°C. The gas composition
wag maintained constant by continucusly supplying nitrogen,
10 ethylene, and l~butene or l1-hexene. The supply amounts of the
prepolymerized catalyst component and the gas are described
in Tableg 10 to 12. The ethylene polymer was continuously
withdrawn from_the polymerizer and was dried in a drying
apparatus.
15 [0536]

To the ethylene polymer, 0.1 wt¥% of IRGANOX 1076
{(manufactured by Ciba Specialty Chemicals, Inc.) and 0.1 wt$
of IRGAFOS 168 (manufactured by Ciba Specialty Chemicals, Inc.)
were added as heat stabilizers. The mixture was melt-kneaded

20 in a single-screw 65 mm-diameter extruder {(Placo Co., Ltd.)
at a preset temperature of 180°C and a screw rotation of 50
rpm and was extruded into a strand. The strand was pelletized
with a cutter to give specimens. The results of properties
measurement of the specimens from Examples 33 and 34 (comonomer:

25
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1-butene) are get forth in Table 13, and the results of extrusion
lamination are shown in Table 14. The results of properties
measurement of the specimens from Examples 35 to 46 (comonomer:
l-hexene) are set forth in Tables 15 and 16, and the results
5 of extrusgion lamination from Examples 35 Lo 45 are shown in
Table 17.
[0537]
[Comparative Example M-5]
Pellets of ethylene/4—metﬁyl—l—pentene copolymer
10 obtained by solution polymerization, purchased from Prime
Polymer Co., Ltd. (ULTZEX 20100J}, were used as a specimen for
properties evaluation and extrugion lamination. The results
are set forth in Tables 18 and 19.
[0538] |
15 Comparative Example M-5 resulted in large neck-in and a
smaller MT/n* ratio than Examples.
[053¢9]
[Comparative Example M-6]

Preparation cof solid catalyst component (EY-5)

20 A 114 L reactor equipped with a stirrer was charged in
a nitrogen atmogphere with the tcluene slurry of the solid

component (S) (1000 g in terms of the solid component). With
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stirring, 14.7 L of a toluene solution of

ethylenebis (indenyl)zirconium dichloride {0.0017 mm.ol/mL in
terms of Zr atom) was added dropwise at 78 to 80°C over a period
of 30 minutes. Reaction was performed at the temperature for
2 hours. The supernatant was removed. The solid catalyst
component obtained was washed with hexane two times, and hexane
was added thereto to a total volume of 25 L, thereby preparing
a hexane slurry of the solid catalyst component (EY-5).
[0540]

Preparation of prepolymerized catalyst component (EYP-5)

The hexane slurry of the solid catalyst component (EY-5)
was cocled to 5°C. Ethylene was continuously supplied to the
system under atmospheric pressure. During the supply, the
Cemperature in the system was maintained at 10 to 15°C.
Subsequently, 1.9 L of a hexane solution of triisobutylaluminum
(40.0 mmol/L in terms of Al atom) and 65.3 mL of 1-hexene were
added, thereby initiating prepolymerization. The temperature
in the system was increased to 35°C in 1 hour and was thereafter
maintained at 34 to 35°C. After 70 minutes from the initiation
of the prepolymerization, 65.3 mL of 1-hexene wag added.
[0541] |

After 4 hours from the initiation of the
prepolymerization, the system was purged with nitrogen and the

prepolymerization was terminated. The supernatant was removed.
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The catalyst component was washed with hexane four times. Thus,
- a prepolymerized catalyst component was obtained which was

polymerized with 3 g of the polymer per 1 g of the solid catalyst
component. Thereafter, the temperature in the system was

5 increased to 34 to 35°C, aﬁd 10 L of a hexane solution of EMULGEN
108 (polyéxyethylene lauryl ether, manufactured by Kao
Cofporation) {EMULGEN concentration: 1.0 g/L) was added. The
system was stirred at the temperature for 2 hours, and a
prepolymerized catalyst component (EYP-5) was obtained in

19 which EMULGEN was supported on the prepolymerized catalyst
component.

Polymerization

In a continuous fluidized—bed gas¥§hase polymerizer,

ethylene and l-hexene were copdlymerized at a total'pressure

15 of 2.0 MPa-G, a polymerization temperature of 70°C, and a gas
linear velocity of 0.8 m/sec. The prepolymerized catalyst
component (EYP-5) prepared above was dried and was continuously
supplied at a rate éf 25 to 30 g/hour. During the
polymerization, the gas composition was maintained constant

20 by continucusly supplying ethylene, l-hexene, hydrogen and
nitrogen (gas comﬁosition: l1-hexene/ethylene = 1.1-1.3 x 1072,
ethylene concentration = 71.4%). The yield of the ethylene
polymer was 5.3 kg/hour.

[c542]
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The ethylene polymer obtained was formulated into
specimens in the same manner as in Example M-33. The specimens
were used for properties evaluation and extrusion lamination.
The results are set forth in Tables 18 and 19.

[0543]

Comparative Example M-6 resulted in large neck-in and a
small MT/m* ratio. The polymer caused take-up surge, and the
zero-shear viscosity (n,) did not meet Equation (Eg-1}.
[0544]

[Comparative Example M-7]

Pellets of ethylene/l-octene copolymer obtained by
solution polymerization, purchased from The Dow Chemical
Compahy (AFFINITY PF1140), were used as a rspecillnen for
properties evaluation. The results are set forth in Table 18.
[0545]

Comparative Example M-7 resulted in a small MT/n* ratio,
and the zero-shear viscosity (1,) did not meet Equation (Eg-1).
Based on these results, the polymer was assumed to cause large
neck-in and take-up surge.

[0546]
[Coméarative Example M-8]

Preparation of solid component (S2)

Ina 260 L reactor equipped with a stirrer, 10 kg of gilica

(8i0;: average particle diameter: 12 Hm) that had been dried
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at 250°C for 10 hours was suspended in 90.5 L of toluene in
a nitrogen atmdsphere. The suspension was cooled to 0 to 5°C.
A toluene solution of methylalumoxane (3.0 mmol/mlL in terms
of Al atom) in a volume of 45.5 L was added dropwise to the
5 sruspension over a period of 30 minutes. During the dropwise
addition, the temperature in the system was maintained at 0
to E°C. After t;he dropwise addition, the reaction was
continuously perférmed at 0 to 5°C for 30 minutes. Thereafter,
the température wag increased to 85 Lo J_,GO"Crin about 1.5 hours,
10 and the reaction was conducted at 95 to 100°C for 4 hours. The
temperature was thén lowered to ambient, and the supernatant
was removed by decantation. The_ solid component thus cbtained
was washed with toluene two times, and toluene was added thereto
to a total volume of 129 L, thereby preparing a toluene slurry
15 of the solid component (S2)}. A portion of the solid component
was sampled and the concentrations were determined, resulting
in a slurry concentration of 137.5 g/L and an Al concen.tration
of 1.1 mol/L.
[0547]

20 Preparation of solid catalyst component (EY-6)

A 114 L reactor equipped with a stirrer was charged in
a nitrogen atmosphere with 21.0 L of toluene and 15.8 L of the
toluene slurry of the solid component (S2) (2400 g in terms

of the solid component). Separately, a 100 L reactor equipped
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with a stirrer was charged in a nitrogen atmosphere with 31.0
L of toluene. With stirring, 10.0 L of a toluene solution of
the metallocene compound (E1) (8.25 mmol/L in terms of Zr atom)
was added and subsequently 2.0 L of a toluene solution of the
5 metallocene compound (B2) (2.17 mmol/IL in terms of Zr atom)

wés added, followed by mixing for several minutes ((E1)/ (B2)
molar ratio = 95/5). The mixture solution thus prepared was
injected to the reactor tontaining the toluene slurry of the
solid component (S2). After the injection, reaction was

10 performed at an inside temperature of 20 to 25°C for 1 hour.
The supernatant was removed by decantation. The solid catalyst
component thus obtained was washed with hexaﬁe three times,
and hexane was added thereto to a total volume of 56 L. Thus;
a hexane slurry of the solid catalyst component (EY-6) was

15 prepared.
[6548]

Preparation of prepolymerized catalyst component (EYP-6)

The hexane slurry of the solid catalyst component (EY-6)
was cooled to 10°C. Ethylene was continuously supplied to the
20 systmnunderatmosphericpressu:efbrseveralndnutes. During
the supply, the temperature in the syétem was maintained at

10 to 15°C. Subsequently, 2.8 mol of triisobutylaluminum
(TiBAl) and 157 mL of 1-hexene were added. After the addition

of 1-hexene, the supply of ethylene was initiatedat 1.8 kg/hour
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and prepolymerization was initiated. The temperature in the
system \‘nras increased to 24°C in 40 minutes after the initiation
of the prepolymerization, and was thereafter maintained at 24
to 26°9C. After 70 minuﬁes from the initiation of the
5 prepolymerization, 79.0 mL of 1-hexene was added. Another 79.0
mL of lwhéxene was added after the passage of 140 minutes.
[0549]
After 220 minutes from the initiation of the -
prepolymerization, the ethylene supply was terminated. The
10 system was purged with nitrogen, and the prepolymerization was
terminated. The supernatant was removed by decantation. The
prepolymerized catalyst component was washed with hexane six
times, and a prepolymerized catalyst component (EYP-6) was
obtained which was polymerized with 2.87 g of the polymer per
15 1 g of the sclid catalyst component.
[0550]
A portion of the prepolymerized catalyst component was
dried and analyzed for composition and was found to contain
. 0.72 mg of Zr atom per 1 g of the solid catalyst component.

20 Polymerization

An ethylene polymer was produced in a 290 L complete
stirring-mixing polymerization reactor using the
prepolymerized catalyst component (EYP-6).

[0551]
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To the polymerization tank, there were continuously
supplied solvent hexane at 45 L/hour, the prepolymerized
cétalyst component at 0.32 mmol/hour in terms of Zr atom,
triisobutylaluminum at 20.0 mmol/hour, ethylene at 8.0 kg/hour
and l-hexene at 700 g/hour.. At the same time, the polymer
slurry was continuouély discharged from the polymerization
tank such that the volume of the solvent in the polymerization
tank was constant. The polymerization was carried out at a
total pressure of 0.8 MPa-G, a polymerization temperature of
80°C and a retention time 6f 2.6 hours. The polymer slurry
continuously discharged from the polymerization tank was fed
to a flush drum where unreacted ethylene was substantially
removed. The hexane in the polymer slurry was removed with a
solvent separation apparatus, and the reéidue was dried to
afford an ethylene polymer at 5.6 kg/hour.

[6552] |

The ethylene polymer obtained was formulated into
specimens in the same manner as in Example M-33. The specimens
were used for properties evaluation and extrusion lamination.
The results are set forth in Tables 18 and 19.

[0553]

Comparative Example M-8 resulted in a low molecular

weight at the maximum weight fraction (peak top M) in the

molecular weight distribution curve by GPC, and the heat seal



m. r. (x10-4) 8.45 15.7 Gas phase: 1-butene/ethylene ratio m.r. 0.0314 0.0334 Polymer yield kg/h 2.4
2.5 282 1017-w ITZ-A 3117-- 8s/z17 17727 I6'120é)2 5.5 lozs F,1)7C

strength was low compared to Examples.
(0554}
[Comparative Example M-9]
An ethylene/hexene copolymer was produced in the same
5 manner as in Example M-37.

The ethylene polymer obtained was formulated into
specimens in The same manner as in Example M-23. The specimens
were used for properties evaluation and extrusicn lamination.
The results are set forth in Tables 18 and 19.

10 [0555]
[Comperative Example M-10]

Pellets of polykethylene obtained by high-pressure
radical polymerization, purchased from Prime Polymer Co., Ltd.
(MIRASCN 11}, were used as a gspecimen for properties evaluation

15 and extrusion lamination. The results are set forth in Tables
18 and 19.
05561

Comparative Example M-10 resulted in poor heat seal

strength. The total of methyl branches [A (/1000 C)] and ethyl
20 branches [B (/1000 C)], (A + B), was large compared to Examples.

[0557]

[Comparative Example M-11]

Preparation of solid catalyst component (EY-7)

A200mL glass £lask purged with nitrogen was charged with
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100 mL of toluene and the content was stirred. Further, the
toluene slurry of the solid component (§) (2.0 g in terms of
the sclid component) was added thereto. Fufthermore, 32.1 mL
of a toluene solution of dimethylsilylene bisindenyl zirconium

5 dichlofide (0.0015 mmol/mL in terms of Zr atom) was added
dropwise. Reaction was performed at room temperature for 1
hour. The supernatant was removed by decantation. The
residue was washed with decane two t;imes and was slurried into
100 mL of a decane slurry (solid catalyst component EY-7). A

10 portion of the decane slurry of the solid catalyst component
(EY-7) was sampled and the concentrations were determined,
resulting in a Zr concentration of 0.043 mg/mL and an Al
concentration of 2.49 mg/mL. |

Polymerization

i5 A 1 L 8US autoclave thoroughly purged with nit.rogen was
charged with 500 mL of purified heptane, and ethylene was passed
through the autoclave to saturate the liguid phase and the gas
phase with ethylene. Further, the system was purged with
hydrogen/ethylene mixture gas (hydrogen concentration: 0.54

20 wvol%). .Subsequently, 15 mL of l-hexene and 0.375 mmol of
triisobutylaluminum were added in this order, and 0.5 g of the
solid catalyst component (EY-7) was added to i:he autoclave.
The temperature was increased to 80°C, and polymerization was

performed at 0.78 MPa-G for 90 minutes. The polymer obtained



PTO'0 T'S0173 0803 Z'T 17." 'TT 0.0076 '3 LE-14 03-A 311 TBis/LT7 03-dA. W100 09 0017 08
03ZT9 0.00745'3 9E-14

264

was dried under vacuum for 10 hours to afford 86.7 g of an
ethylene polymer.
[0558]
The ethylene polymer obtained was formulated into
5 specimens in the same manner as in Example M-1. The specimens
were used for properties evaluation. Theresultsaresetfortﬂ
in Table 18.

[0559]

Comparative Example M-11 resulted in a small MT/n* ratio,
1¢ and the zero-shear viscosity (n¢) did not meet Equation (Eg-1).
Based on these fesults, the polymer was a'ssumeci to cause large
neck-in and take-up surge.
[0560]
[Comparative Example M-12]
15 [Preparation of solid catalyst component (EY-8)]

A sclid catalyst component (EY-8) was prepared in the s.ame
manner as for the solid catalyst component (EY-6) in Comparative
Example M-8, except that the reaction molar ratioc of the
metallocene compound (El) and the metallocene compound (B2)

20 was changed from (El)/(B2) = 95/5 (molar ratio) to (E1)/(B2)
= 85/15 (molar ratio).
[0561]
[Preparation of prepolymerized catalyst component (EYP-8)]

The hexane slurry of the solid catalyst component (EY-8)
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was cooled to 10°C. Ethylene was continuously supplied to the
system under atmospheric pressure for several minutes. During
the supply, the temperature in the system was maintained at
10 to 15°C. Subsequently, 1.6 mol of triisobutylaluminum and
5 80 mL of l-hexene were added. After the addition of l-hexene,
‘the ‘supply of ethylene was initiaﬁed at 1.8 kg/hour and
prepolymerization was initiated. The temperature in the
system reached 24°C in 25 minutes after the initiation of the
prepolymerization. The temperature in the system was

10 thereafter maintained at 24 to 26°C. After 35 minutes from the
initiation of the prépolymerizat:ion, 39.0 mL of 1-hexene was
added. Anéther 39.0 mL of 1-hexene was added after the passage
of 60 minutes.

[0562]

15 After 85 minutes from the initiation of .the
prepolymerization, the ethylene supply was terminated and the
system was purged with _nitrogen to terminate the
prepolymerization. The supernatant was removed by decantation.
The prepolymerized catalyst component was washed with hexane

20 four times. Thus, a prepolymerized catalyst component (EYP-8)
was obtained which was polymerized with 2.93 g of the polymer
per 1 g of the solid catalyst compenent. A portion of the
prepolymerized catalyst component was dried and analyzed for

composition and was found to contain 0.72 mg of Zr atom per
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‘1 g of the scolid catalyst component.
[Polymexizationi
Ah ethylene/l-hexene copolymer was produced in the same
manner as in Comparative Example M-8, except that the ethylene
5 . supply rate and the l-hexene supply rate were changed from 8.0
kg/hour and 700 g/hour to S.O'kg/hour and 1900 g/hour,
respectively. After the density of the polymer reached below
935 kg/m®, the supernatant of the polymer slurry discharged from
the polymerization tank became white turbid. After 8 hours
10 after the polymer’s density reached.920lkg/uﬁ, the polymgr-was
no longer separated from the solvent and the slurry properties
became very bad. With these results, the continubus operation
was cancelled. The ethylene/l-hexene copolymer obtained
beforethecancellétianoftheoperationwasusedforproperﬁies
15 evaluation and extrusion lamination. The results are set forth

in Tables 18 and 19.
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[0566]
[Table 4]
Example M-3 M-2 M-3 M-4
No. Y-1 Y-1 ¥-1 Y2
Solid catalyst Metallocene Cmpnt. A A2 A2 A2 A3
compound Cmpnt. B Bl Bl Bl Bi
component Cmpnt. {(A}/ Molar
empat. (B) ratio 6D/40 60/40 60/40 60/40
Prepolymerized
catalyst No. - - - -
component
Polymer Ethylene/ Ethylene/ | Ethylene/ | Ethylene/
Polymerization hexene hexene butene hexene
conditicons Hydrogen volk o 0.1 o s
amount
Selid
catalyst
Polymerization component ' g 0.02 ¢.02 0.0¢ 6.018
results amount )
Yield g 76.25 75.45 68.86 60.22
Aotivity g/g-cat/h 2540 2510 1150 2680
MER {g/10 min) 16.9 22.1 25.7 13.3
I 1.20 1.68 1.05 1.28
D 937 938 g21 - 935
B.D g/l 0.332 0.345 0.388 0.378
Mw 86200 70100 78300 76000
GPC Mn 15200 10600 12200 14700
Mw /Mn 5.7 6.6 6.4 5,2
Polymer Mw 17800 13600 14800 18100
analysis @pC - 4] Mn 143000 124000 113400 149000
results Mw /b §.0 9.9 7.7 8.2
Log(n] ¢G.0792 0.0334 0.0212 0.1072
MT g 3.0 2.4 3.2 3.0
n* 7883 7483 5244 9483
no 19244 19462 7657 24398
MT/n* 0.00038 0.00032 0.00061 0.00631
LogMepe. 1) . 5.16 5.13 5.065 5.17
Frac;ion Cmont. B 8% . 1 BO.2 78.4 7% .6
ratio Cmpnt. B 2.8 12.6 15.1 16,0
3rd cmpnt. 8.0 7.2 6.5 B.4
GPC peak L OOM oy 4.34 4,24 4.28 4,36
analysis Hnax 0.022 0.021 0.021 0.021
L0gMaecone 5.58 5.54 5.6 5.58
Boecona 0.0027 0.0023 0.00286 0.0035
Hm—ax/ngcond B.3 g.0 B.1 6.0
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{Table 4] (continued)
Example M-5 M-6 M-
No. Y-2 Y2 Y3
solid catalyst Metallocene Cmpnt. A A3 A3 LY
component C;gﬁfouzg/ C?ﬁi;;-s Bl BL Bi
- 1
cmpnt. (B) ratic 60/40 60/40 80/20
Prepolynerized
catalyst No. - - -
component
Polymer Ethylene/ Ethylene/ | Bthylene/
Polymerization hexene butene hexene
conditions Eydrogen volk 5.05 o o
amount
Solid
catalyst
Polymerization camponent g .015 C.0344 .03
results amount
Yield g 55,08 41.59 80.02
Activity g/g-cat/h 2450 810 1780
MFR {(g/10 min} 7.7 24.5 11.4
inl 1.16 1.04 1.23
D 836 521 336
B.D g/mi 0.386 0.313 0.342
Pw 70800 67400 74600
GPC Mn 13800 13500 14400
Mw/Mn 5.1 5.0 5.2
Polymer . . Mw 16100 16000 17800
analysis GBC - [m] ¥n 112500 105000 132500
results Mw/Mn 7.6 6.6 7.4
Logini 0.0645 6.0170 0.0898%
MT g 2.6 2.7 3.8
n* 6811 4131 11483
no 16589 6896 37781
MT/M* 0.00038 0.00064 0.00033
LOgMspe. tn3 5.05 5.02 5.12
Fraction Cmpnbt. A 8.7 8C¢.7 85.3
ratio Cmpnt. B 12.5 15.2 5.5
3rd cmpnt. 5.7 4.1 5.2
@rC peak LEGMnay 4.32 4.35 4.34
analysis Hrax 06.023 0.022 0.022
LOgMeecons 5.56 5.58 5.52
Haecona 0.0025 D.0023 0.0026
Hoax/ Heecona 2.2 8.6 8.6
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[0567]
[Table 5]
Example M-8 M-8 M-10 M-11
NoO . Y-3 Y-4 ¥-4 Y~-4
Solid catalyst Metallocene tmpnt. A B4 Ab A& A6
compoung Cmpnt. B Bl Bl Bl Bl
component Cmpnt. (A}/ Molar a
cmpnt . (B) ratio BG/20 70/30 78/30 70/30
Frepolymerized
catalyst No. - - - -
component
polymer Ethylene/ Ethylene/ | Ethylene/ | Ethylene/
Polymerization hexene hexene hexene butene
conditions Hydrogen vold 0.1 o 6.1 5
amount
solid
catalyst
Polymerization compon}:ant g .03 C.03 0.03 t.056
regults amount
Yield 1 B4 .69 76.04 B0.33 51.57
Activity g/g-cat/h 1880 1630 1780 520
M¥R {g/10 min) 14.5 5.1 21.7 10.3
[n] 1,11 1.33 1.09 1.27
D S3B 839 543 S21
B.D g/ml 0.365 0,388 0.376 0.312
Mw . 68200 77500 64300 67800
GrC ¥Mn L1800 19400 14000 17600
Mw/Mn 5.8 4.0 4.6 3.9
Polymer _ Mw 14760 22600 15400 20810
analysis @rc - [1] Mo 106700 112000 B2300 106500
results Mw/Mn 7.2 5.0 z.3 5.1
Loginl 0.0453 0.1239 0.0374 c.l038
MT g 2.8 2.1 1.6 2.0
n* 10247 8249 5004 BB37
no 25682 12940 4717 14293
MT/ 1+ 0.00027 0.00025 £.00032 0.00023
LogMepe- i 5.03 5,05 4.82 5,03
Fraction Cmpnt. A B2.6 86.5 8'_7.6 B7.3
ratio Copnt. B 10.5 10.0 8.1 8.5
3zd cmpnt. 6.9 3.5 4.3 3.8
GPC peak LOgMnay 4,22 4.5 4.38 4.46
analysis Hyax 0.022 0.021 0,021 0.021
Lo tMypnona 5.12 E.6 5.52 5.42
Beecong 0.0028 0.0018 0,.0017 0.0021
H,_,‘;&,/ng,ﬁ 7.8 11.9 12,0 10.1
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[Table 5] (continued)
Example M-12 M-13 M-14
NG, ¥-5 ¥-2 Y-6
; ; Metallonene Ompnt. A B2 A3 £3
Holid catalysr | ™% O ird sznt. B B1 5L B2
component -
LCaput. {A)/ Molar 45785 §0/40 26/70
cmpnt . {B) ratic -
Prepolymerized
catalyet No. - - -
component
Ethylene/ Ethylsne thylene
Polymerization Polymer bxftene bé’tena / he};{ene /
‘conditions Hydrogen volk o o o
amount :
Solid
catalyst
Polymerization compcrf;nt g 0.058 0.039 0.045
results amount
Yield g 46 .65 51.8% 74 .38
Activity g/g~cat/h EBQ 8O0 1080
MFR (2/10 min) 20,6 g B.5
Ini 1.01 115 1.35
D 803 262 535
B.D g/ml - - -
Mw S52B0C 64100 102800
GpC Mn 13800 18500 16700
Mw /Mn 3.8 4.1 5.1
Polymer M 15000 18808 156000
aralysis GPC - iw] Mn - 87300 BORE O 18200
results Mw /5 1.6 5.0 5.6
Log Inl 0.0043 0.0507 0.1303
MT g 1.7 3.5 3.1
i 3953 iQ726 J1i€18
no EEL 24168 28797
M‘.'Ef‘l‘i* £.,000643 0.00037 0.00027
LogMarc. 10y 4.54 5.00 5.19
Fraction Cmpnt. A 65,7 64,5 85,5
rstio Cmpnt. B 31.5 32,7 14.5
ird copnt., 3,1 3.6 14,31
GP{ peak LOoGMa,, 4.32 4.24 -
analysisg Hpnsx 0.8621 0.020 -
BOgMescong 5.5 5.46 -
Huecsnd 0.0021 0.9030 -
wnFrax/Byscens 20.2 £.7 -
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{05681
[Table 6]
Example M~15 M-16 M-17 M-18
No. Fu Y-8 Y-§ ¥-10
. Metallocene | . Cmpnt, A A3 A3 A3 A3
folid catalyst compound Cmgnt. B B3 B4 B5 BE
component Cmpnt. (A}/ Molar
copnt. (B} ratio 70/30 §0/40 E5/48 EE/45 7
Prepolymerized
catalyst Mo, - - - -
somponent
Polymer Echylene/ | Bthylene/ | Bthylene/ | Ethylene/
Polymerization hexansa hexens hexene hexene
conditicns Hﬁiziﬂin vol% o s o 3
Solid
.| Gateiyst g 0.630 6.030 0.045 0.030
Polymerization comporient
resulta amount
Yield . - 121.34 TE, EL 113,72 114,03
Activity g/g-cat/h 2670 1660 1670 2550
MER (g/ib min} 15.8 7.6 6.6 14,8
(] 1.16 1.32 1.38 1.17
D 939 935 238 216
B.D g/mi - - - -
Mw 76100 81000 82000 59300
a3t M 14240 15800 162400 1E800
Mw/Mn 5.3 5.1 5.0 4.4
Folymer Mw 120800 148000 154308 §2880
analysis gre - 1] M 16900 22000 22000 21800
results Mw/Mp 7.1, €.8 .7 5.3
Loy inl o.08645 g.12086 0.1358% 0.0682
uT . o 2.6 4.5 4.8 1.88
= B400 15000 17600 6061
N 17666 35800 40008 11634
WTin 0.00031 0.o0b30 2.00028 a.00031
LogMsss - i 5.08 5.17 5.19 2.57
Frac-‘;ion Cepnt. A 5.3 54.0 84.3 §7.7
vatio Cmpnt. 8 14,7 15.0 18,7 12.3
3rd ompnt. 6.5 7.5 6.3 4.5
GRC peak Leiti My x - - - -
analysis Hax - = t t
LogMeacens - - - -
Hsecnnﬂ - = - -
Hmax/ﬂmzzona - = " -




285 [0576] [Table 14] Example M-33 M-34 Neck-in Take-up speed 50 m/min MM 45 43 Take-up

speed 80 m/min MM 42 Take-up speed 120 m/min MM

Take-up speed 200 m/min MM

275
{Table 6] (continued)
Example M18 Mw20 M-21
No . X-2/%-11 X-3/%31 ¥-1%
o Metallocene Cmpnt., A A2 Al 2.2
"’01;0"2‘@‘?::;?35“ compeund Twpnt. B R B B2
Cupat . {A) / Molar 40/60 25/75 44/56
ompnt . {B) ratio
Prepolymerized
cabtalyat No. - - YP-11
CoRponeany
Ethylene/ Bthylene Ethylena
Polymarization Folymer helzcene hsg;cena / ha{tene /
conditions Hydrogen '
amount voly & o 1]
Bolid
catalyst
Polymerization component g €020 ¢.020 0.018
rasults amount
Yield - o 75, £7 48.65 £4.33
Aotivity g/g-cat/h 2660 1628 2210
MER {9/10 min) 22.1 7.6 7.6
[y 1.07 1,28 1.36
o] 537 533 934
2.0 g/mi 0,330 G.335 (.408
Mw 683060 83500 29800
GPC ¥Mn 15700 17900 15500
M /Moy 4.4 4,7 6.4
Polymer . Mo 110400 136600 18200
analysis GPC - ] Mn 20500 22200 158088
results M /Mn 5.4 57 8.7
Loginl 0.02%84 0.1072 0.13358
MT o 1.8 3.7 3.5
ik 4453 11172 LE528
no &5875 24118 SAGED
MT /7 ¥ 0.00041 C.00023 0.00021
* LogMuze. 1oy 5.04 5.10 5.20
Fraskion Cmpnt. A B3.9 T6, 1 75.7
ratio Cmpnt, B 12.% 20.4 18.1
3rd cmpnt, 3.8 4.4 7.5
GPC peak LogMuay .38 4.4 4.34
analysisg Hygy 0.033 ¢.622 0.021
LiOGM wp cama 5.1€ 5.582 5.8
Houcong D.0023 2.042% C.0030
Hauw/ Honoond 16.0 7.7 7.1




Take-up surge m/min Did not occur Did not Occur Take-up speed at break m/min 70 80 Resin
pressure MPa 8.3 5.1 Heat seal strength 100C N/15 mm width  110C N/15 mm width 0.3
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[Table 7]
Example M-22 M-23 M-24
Ko, Yol2 Y-13 Yuid
: Metallocene Cmpnt. A Lz A3 . A3
Bolid catalyet compouns Cfm}P;\m:.. B BL B1 Bl
component Tmeat. A1/ MoTag -
cmpnt . (B) ratio 47/53 37/63 45/58
Prepolymerized
catalyst No. YP-12. YP-13 YP-14
component
) ) Polymer Ethylene/ Et:lhyl ene/ | Ethylena/
Polymerization hexene nesgene hexene
conditions Hg;zzg:n vk o o g
Solid
catalyst
Polymerization com.pcxz:nt g ¢.022 0.020 ©.023
results anount )
vield ) 8%.86 59, E7 80,28
Activity g/g-cat/hn 2450 1990 2320
MFR {g/10 min) S i1.2 2.48 4.4
ml 1.30 1.59 1.58
D 838 932 S35
B.D o /ml 0.393 0.408 0,378
Mw 100500 119400 108300
GpPC Mn 14700 16600 18500
Mw /M 6.8 7.2 £.6
Polymex Mw 17580 19400 13100
analysis GPC - 7] Mr 153168 206043 158271
TeFults M/ Mo 8.6 i6.6 8.3
Log [yl 3.113% 0.2014 0.i887
MT g 3.2 5.6 3.5
Ei 17128 29667 27375
no 5h610 283897 12465¢
M/ 06.00019 0.00014 0.00013
LOOMasc. in: 5.18 5.31 5,20
. Cmprt. & 77.3 €78 71.2
Frx;cttil:’n Cmpnt. B 16.0 25.1 22.0
ird cmpnt., B.1 5.1 8.7
GPC peak LOgMmax 4.32 4,36 4,36
analysip Hoay 0.021 0.01% 0.020
LogMancena 5.6 5.58 5.58
Haccond 5.0028 5.06038 0.C037
Huer/ Boecons 7.6 4.9 5.3




120C N/15 mm width 2.7 130C N/15 mm width 30.3 140C N/15 mm width 31.7 150C N/15 mm

width 32.5 160C N/15 mm width 33.2
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[Table 7] (continued)
Examnple M-25 W26
HNo . ¥-15 T-lé
: Metallocane Cmpnt. A B3 A3
soiiimiiéii?sc compound Cmpot, B B Bl
Cmpnt. (A)/ Molar 45/81 55/45
cmpnt.. (B} ratio ~
Prepolymerized
catalyst No. ¥p-15 YE~16
component
Ethyiene/ Ethylene
Polymerization Folymer hé;ene hg;ene/
conditions Bydrogen ol o a
amount
Soilid
catalyst
Polymerization compogént g ©.033 0.019
resulte amount
Yielid g 94,11 £2.63
Aotivity g/og~car/h 1820 2243
MER (g/10 min) S.2 14 .7
[n3 1,30 1.23
v 37 825
B.D g/ml - -
Mw 93700 S0LG0H
GpL Mn 16000 LE200
Mw/Mn 6.2 5.8
Polymer Mw 1.81 17700
analysis GeC - I[n] o 13.58 125673
resulis M 7 Mo 7.5 7.1
Log [1] 0.1139 0.0888
T < 3.3 3.4
bk 14082 8500
70 43845 24593
MT/n* 0.00624 - 0.0003¢8
Logtore. 1) £.13 5.10
, Cmpnt. A 5.6 7.8
¥ r:a"tti*:“ Capnt . B 17.9 16.0
3rd copnt. 7.9 7.4
GPC peak LOGMpax 4.%4 4.34
analysis B G.021 $.022
Loghencens 5.88 5.6
[ —— G.0032 0.0027
Hﬂ/asecond 6.7 8.0
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[Table 8]
Exanple M-27 M-28 M-25
e, ¥-17 ¥-18 ¥-19
" Metallocene Smpnt . A AZ B2 A2
$olid catalyst compound Cmgnt . R Bl Bl B1
component Cupnt. {(A)/ Molar .
cmpnt ., {B} ratio 44/56 42/58 24/76
Prepolymerized
catalyst Ho. ¥p-17 Yp-i8 YP-1i8
companant
Bthylens/ Bthyliene/ | Ethylene/
Polymerization Polymer heyxene hgx&ne he};cane
conditions Hydrogen vols o 5 0
amosunk
Soliid
catalyst
Polymerization conponent g ¢.020 0.048 g.037
results ameunt
Yield g 58.62 102.2 75 .86
Activity g/g-cat/h 198C 1500 1370
MEFR {g/10 min) il.2 B.6& 0.8
) 1] 1.31 1.4 -
Polymer o 935 836 B35
analysis B.D ¢.390 0.443 G.417
results Mt 87100 110400 133500
@pc Mn 1E500 16000 20400
Mw /Mn 8.3 €.5 5.5
Praction Cmpnt. A 78.7 a4 60 .8
ratio Cmpnt . B 15_3 1.7.7 2%, 9
‘ 3rd tmpnt. 7.3 9.9 3.7
GFC peak LoaM,,. 4. 34 4, 34 4,38
analysis Hoaw 0.022 0.021 0.018
LogMausond 5.6 5.58 5.08
Heecons o.00z28 0.0035 0.0061
Hmtgl‘geecnnd 787 %,98 2.96
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[Table 8] (continued)
Example M3 M-31, M-32
o, Y-11 Y-1% Y19
: Metalliocene {mpnt. A AZ a2 A2
Solid catalyst compound Cmgnt. B Bl Bl 21
component Cmpnit., {AY /S Molar
copnt . (8) ratio 44/56 24/718 24/78
Prepolymerized
catalyst No. ¥e-11 ¥P-13 YF-18
component .
Polymer Ethylene/ Bthylene/ | Ethylene/
Polymerization hexene hexene hexene
condicions Hydrogen voly o 5 o
amount
solid
catalyst
Polymerization compogént E ¢.030 8.0 b.o3e
resulcs amount
Yield o 59.08 40,31 32.64
Accivity g/g-cat/h 1330 940 1030
MFR (/10 min) 5.3 5.4 3.5
I} 1.35 1,25 1.52
Dolymer D 835 534 835
analysis 2.0 {.445 C.389 0.404
resulte My BE2DO 100400 106800
GPC Mz 1ES00 18600 17008
Mw /HMn 5.5 5.6 6,3
Praction Cmpnt. A 78.1 76,4 72.8
catio Cmpnt . B 17.9 18.6 21.4
ird cwmpnt. 4.8 6.1 7.2
GPC peak LOOMus 4,36 4.38 4.4
analysis Floye G.021 0.022 G.020
LOOManconas 5.54 5.58 5.56
Hescons 0.0627 G. 0033 0.0034
e/ Hoocons 7.83 5,89 5.85
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[Table 9]
Comparative Comp . Comp . Comp . Comp .
Example Ex. M-1 BEx., Ms2 Ex. M-3 Ex. M-4
- No, E¥-1 EY-2 EY-3 EY-4
. Metallocene Cmpnt. A El ES E2 E2
Solid catalyst | = o .und Cmgnt. B B2 B2 B2 BY
component Cmpnt . (A}/ Molaz §0/20 35/65 16/80 30/70
cmpnt. (B) ratic s
Prepolymerized
catalyst No. - - - -
component
Pol.ymer Ethylene/ Ethylene/ | Ethylens/ | Ethylene/
Polymerization nexene hexene butene hexene
conditions Hydrogen vols 0.45 0.55 6 6
amount
So0lid
catalyst g 0.5 0.086 0.04 .92
polymerization component
results amount
Yield g B7.44 47 .8 77.81 91.57
Aoctivity g/g-cat/h 120 530 1300 3050
MFR (g/10 26.3 12.6 2.52 2.87
min)
) 0.9% 1.06 1.67 1.59
D 549 942 934 93%&
B.D g/ml 0,31 0.323 0.36 0.345
Mw 55300 61000 114700 BE600
GeC Mn 6300 5500 18400 18000
Polymer ) Mw /Mn 5.4 1i.1 6.2 4.8
analysis Mw 79300 89000 113273 185000
esults GPC - 1] Mn 2074 7620 8748 21100
Mw /Mo 1.5 11.7 12.8 2.0
Log [ni ~0.04025B608 | 0,025305865 | ©.222716471 | 0.201397124
MT = 1.8 1.94 4.81 7.01
n* 6288.9 143490 40321 32738
no 11057 44250 204947 215895
MT/n* C.0D0286 0.000135 0.0001I1% C.C0023%4
LogMspe- ) 4.8553 4.9454 5.3032 5.2765
Cmpnt., A 67,3 70.7 70.9 78.4
Fraction Cmpnt. B 26.9 17.4 1i5.5 14.7
ratico 3rd 5.8 11.9 13.5 6.9
cmpat .
gigﬁ:ig LoTMpas 3.58 3.98 2. 40 4.42
Hyan 0.016 0.015 0.019 0.021
L0GMyecons 4.70 4.68 5. 56 5.52
Hyecond 0.0062 0,0068 0.0041 0.0031
Hyan/ Hoeoond 2.7 2.2 4.7 .8
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[Table 10]
Example M~33 M-34
NG, ¥-20 Y~20
1
Solid catalyst Metallocene Cmpnt. A A2 AZ
compound Cnpnt. B Bl Bl
component Cmpnt (nYy/ Molar
Cmpnt (B) ratio 47/53 47/33
Frepolymerized
.catalyst No. YE-20 YP-20
compeonent
Catalyst amount mol/h 0.023 0.023
Ethylene kg/h 5.5 5.5
1-Butens g/h 450 500
Polymerization o 80 80
temperature
Polymerization MDa- G 5 0 50
pressure
Polyme%i?atlon Ethylene partial MDa- A 1.2 1.2
conditions pressure
Retention time hr 10.1 9.5
Gas phase: —
hydrogen/ethylens (x iG:ﬂ 8.45 15.7
ratio
Gas phase:
l-butene/ethylene m.r 0.0314 0.0334
ratio
Polymer vield kg/h 2.4 2.5
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width N/15 mm width N/15 mm width N/15 mm width Take-up speed 50 m/min Take-up speed BO
m/min Take-up speed 120 m/min Take-up speed 200 m/min Take-up surge Take-up speed at break

Resin pressure DoOOT Do Ott Do Ott DoOEI DoOVI Do 051 Do 091
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[Table 141}
Example M-33 M-34
Take-up speed mm 45 43
50 m/min
Take-up speed o 42
. 80 m/min
Neck-in
Take-up speed am
120 m/min
Take-up speed
200 m/min i
Take-up surge m/min Did not Did not
, occur ocour
Take-up speed at break m/min 70 ' 80
Resin pressgure MPa ) 8.3 5.1
l100eC N/15 mm width
110¢C N/15 mm width 0.3
Heat seal 120°C N/15 mm width 2.7
Stron eth 130°C N/15 mm width T 30.3
g 140°C N/15 mm width 31.7
150°C N/15 mm width 32.5
160°C N/15 mm width 33.2
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width N/15 mm width Take-up speed 50 m/min Take-up speed 80 m/min Take-up speed 120 m/min

Paw N/15 mm width N/15 mm width N/15 mm width alflm mu! ST/N M1PTm mm ST/N IN/15 mm
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291 INDUSTRIAL APPLICABILITY [0582] The olefin polymerization catalysts (b) containing the

bridged metallocene compound of Formula [1] and the bridged 5 metallocene compound of Formula
[14] can catalyze olefin polymerization to afford etlene polymers having excellent processability and

a large number of |Ong-(}5]b.ln branches. A%c,o rding to thie polymerization processes using the catalysts,
such ethylene polymers;afe pfodudced effigiently. 10The ethylene pplymers according to the present
invention have sufficientlylhigh melt tensi )31 spinpared [dc )m/enzic n?l eih_ﬂene polymers produced
. . el PP & < |. . .
with Ziegler-Natta cataly8fs orimefallocengcgtalysts, and-car give ishaped; articles excellent in
mechanical strength. Th%‘ethylene polymegs of the jinventign
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15 are suitably used to manufacture plastic shaped articles having sufficient mechanical strength and
uniform quality. The ethylene polymers of the invention have appropriate heat seal strength and are
suitably used to produce plastic shaped articles having easy-opening properties and uniform quality.
20 292 CLAIMS 1.A bridged metallocene compadzfid represented by Formula [1] below: 5 it*a _
“wherein R2, R2, R2 and R4 are selected from a hydrogen atom; C1-20 alkyl groups, C3-20 cycloalkyl
groups and C7-20 aralkyl groups; trimethylsilyl group, triethylsilyl group, diphenylmethylsilyl group and

dimethylphemyisitytk aFaups 3 Bratkary 0regRs, aryloxy groups and amino groups; and halogen atoms
and halogen-substituted alkyl groups and are the same or different from one another; RI, R2, R2 and

R4 are not all fiygrogen atoms and at least one of these groups is an ethyl group or a group
represented by any of Formulae [2] to [7] below; 15 neighboring substituent groups among Rl to R4

may be linked togetkerdodenn analiphatis Hng,; QL is. selee gtfgonabQL_ggnhé/djr_%carbon arou pS,

.. o - cl 11‘1% a % _
halogen-containing groups, silicon-containing groups, germanium-containing groups-and tin-containing

groups; Xﬁ@d@@@qﬂq@y@i@@@éggc%ﬁ(?@]iﬁgooa}fgw%ct ro hydrogen.atom, halogen
293 atoms, 01-20 alkyl groups, 03-20 cycloalkyl groups, 07-20 ar%?k{ﬂ g%%péqgn%ﬁfé @gﬁds and

neutrsl ligaetla capablecf conglinationdbronghlang-peirglections, and I is.a fitanium 5 atom. a
zirconium atom or a hafnium atom; R7 R9 DCCI-1 2j
polymerization to afford ethylene polymers having excellent
processability and a large number of long-chain branches.
According to the polymerization processes using the catalysts,
such ethylene polymers are produced efficiently.

10 The ethylene polymers according to the present invention
have sufficiently high melt tension compared to conventional
ethylene polymers produced with Ziegler-Natta catalysts or
metalliocene catalysts, and can give shaped articles excellent
inmechanical strength. The ethylene polymers of the invention

is aresuitablyusedtonmnufactureplasticshapedarticleshaving
sufficient mechanical strength and uniform gquality. The
ethylene polymers of the invention have appropriate heat seal

strength and are suitably used to produce plastic shaped

articles having easy-copening properties and uniform quality.

20
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1. A bridged metallocene compound represented by

Formula [1i] below:
RZ R3

M

= R4

e L]

wherein R', R®, R® and R* are selected from a hydrogen atom;
Cl-20 alkyl groups, C3-20 cycloalkyl groupse and C7-20 araikyl
groups; trimethylsilyl group, triethylsilyl group,
diphenylmethylsilyl group and dimethylphenylsilyl group;
alkoxy groups, aryloxy groups and amino groups; and halogen
atoms and halogen-substituted alkyl groups and are the game
or different from cne another; R', R?, R?® and R* are not all
hydrogen atoms and at least one of thege groups is an ethyl
group Or a group represented by any of Formulae [2] o [7] below;
neighboring substituent groups among R' to R may be linked
together to form an aliphatic ring; Q' is selected from C1-20
hydrocarbon groups, halogen-containing groups,
silicon-containing groups, germanium-containing groups and
tin-containing groups; X independently at each occurrence is

a group selected from a hydrogen atom, haliogen



CECH Ri2 R4 4 4 R15R7R9 GC-C-HIRsRIio

10

293

atoms, Ci-20 alkyl greups, C3-20 cycloalkyl groups, C7-20
aralkyl groups, anionic ligands and neutral ligands capable
of coordination through lone-pair electrons; andMis a titanium

atom, a zirconium atom or a hafnium atom;

R" R°
R® R™
R R13
Ct) E (i.‘, H
R12 F‘W TS
R15 R7 RY
O
R11 R15 R13
O -

R R c e [5]



R11 R15RisCLCHR11R1 10 .[4 R15 R7 R9 C H R16 R8 R1 294

10

15

20

224

RTS RT RQ

]

T

R® R® R ... .67

11 T’Eﬁ F:]{’ES
W (I: H
RY R RM™ e [7]

wherein R’ to R*® are selected from a hydrogen atom; C1-20

|
C
|

alkyl groups, C3-20 cycloalkyl groups and C7-20 aralkyl groups;
trimethylsilyl group, triethylsilyl group,
diphenylmethylsilyl group and dimethylphenylsilyl group;
alkoxy groups, aryloxy groups and amino groups; and halogen
atoms and halogen-substituted alkyl groups and are the same
or different from one another, but they are not aryl groups;
D and E are each a divalent hetercatom; G and L are each a
trivalent hetercatom; and T and W are each a tetravalent

hetercatom or a carbon atom.

2. An olefin polymerization catalyst (a) comprising

the following components (A) and (C):

Component (A): the bridged metallocene compound of
Formula [1} described in claim 1;

Component (C): at least one compound selected from the

group consisting of:



R11 R15 R13 CWC H R11 R16 R14

295

{c-1) organcmetallic compounds represented by Formulae

(111, [12] and [13] below;
{c~2) organcaluminum oxy-compounds; and

{c-3) compounds that react with the component (A) to form

5 an ion pair;

Re,AL (ORY) , H, X, ++ o+ [11]

wherein R® and R® are each a C1-15 hydrocarbon group and
are the same or different from each other; X is a halogen atom;

O<ms=3, 0$n<3, 0<p<3, 05g<3 and m + n + P+ g = 3;

MO ATR®, » v [12]

wherein M® is Li, Na or K; and R® is a C1-15 hydrocarbon

10

group;
R* MPRY, X, -+ +[13]

wherein R?® and R® are each a C1-15 hydrocarbon group and

15 are the same or different from each other; M® is selected from

Mg, Zn and Cd; X is a halogen atom; 0<r<2, 0<s<1, 0<t<l and r

+ 8 + £t = 2.

3. An olefin polymerization catalyst (b) comprising

20  the following components (A), (B) and (C):

Component (A): the bridged metallocene compound of



[73 wherein R7 to RI6 are selected from a hydrogen atom; 01-20 5 alkyl groups,
03-20cycloalkylgroupsand07-20aralkylgroups; trimethylsilyl group, triethylsilyl group,
diphenylmethylsilyl group and dimethylphenylsilyl group; alkoxy groups, aryloxy groups and amino
groups; and halogen atoms and halogen-substituted alkyl groups and are the same 10 or different
from one another, but they are not aryl groups; D4#%d E are each a divalent heteroatom; G and L are
each a trivalent heteroatom; and T and W are each a tetravalent heteroatom or a carbon atom. 152.An
olefin polymerization catalyst (a) comprising the following components (A) and (C): Component
(A): the brdged andtalloceneedimpaund of Formula [1] described in claim 1; Component (C): at least
one compound selected from the 20 group consisting of: 295 (c-1) organometallic compounds
represented by FormUReHIIE 2] @nd [Es]eiclged mes2) bagsival Griimaisky-compounds; and
(c-3) compounds that react with the comp n%nt;,%\ to form 5 an ion pair; wherein Ra and Rb are
eachaC ﬁ%f&%%grrl}@ﬁ gr%ﬁrﬁhgr?d E}eé%h S ‘or different from each other; X is a halogen atom;
0<mS3, 0Sn<3, (%<3, <3andm+n+p+g=3;MaA1lRa4 10 wherein Mais Li, Na or K; and
Rais a C1-15 hydr on group; RNOR'l 819 13] wherein Ra and Rb are each a C1-15 '
hydrocarbon gsaw gmthe same or different from each other; Mb is selected from

-L14]

to R*®, and R*' to R*® are zelected from a
hydrogen atom, hydrocarbon groups, alkoxy groups, aryloxy Jgroups
and amino groups and are the same or different from one another;
neighboring substituent groﬁps among these groups may be linked
together to form a ring; Q° is selected from C1-20 hydrocarbon

10 groups, halogen-containing groups, silicon-containing groups,
germanium-ccontaining groups and tin-containing groups; M is
selected from a titanium atom, a zirconium atom and a hafnium

atom; and X independently at each occurrence is a group selected



Mg, Zn and Cd; X is a halogen atom; 0<rS2, OSsS1, 0StS1 and r + s + t = 2. 3:An olefin
polymerization catalyst (b) comprising 20 the following components (A), (B) and (C): Component (A):
the bridged metallocene compound of 296 Formula (1) described in claim 1; Component (B): a
bridged metallocene compound represented by Fzgrmula [14] below; R18R19 5wherein R17 to R2, and
R21 to R28 are selected from a hydrogen atom, hydrocarbon groups, alkoxy groups, aryloxy groups
and amino groups and are the same or different from one another; neighboring substituent groups

among th%ﬁc@foapﬁymyogeegnk@goqg ethey 5 gq,gm ring; Q IS, selected from C1-20 hydrocarbon 10
groups, halogen-containing groups, sfcon contalnlng%gro%bs%aerma% %n%ﬁﬁﬁ@iyroups and

tin- contalmmggwscyh@asgﬁlﬁd Q gta m, a zirconium atom and a hafnium atom; and
X independently at each occurrencegs glug%oup senll;,-ftéedn 297% r%mlgwgrc%‘é?f’&’[ﬁm halogen atoms,

hydrocarboﬁm@ups;mi@tggmougﬁﬁh@n contalnln ﬁggr % , 0Xygen-containing groups,

sulfur-containing groups, nitrogen-containing groups and 1 P 1(:)sﬁ)'h ?eﬂﬁ*ﬁg groups

Component (Goatleasbane ¢amp dsglact rou conS|st|n
organometallic compounds represegmu%d by Fo?rﬂ%%%f%fﬁ%ndﬁaﬁfﬁ Bavng 93{91273'

orgasoaluminum ox¥seawerinds) and, 10¢c=4).compaunds that re ct wjth the components (A) and (B)
to form an ion pair; RA 1 (OR1))Hp X(i 1[18] F118ere|n e an \A;Fecéf& H¥9m1 5 R9drocarbon

group angyareuhecssieg ok diffgreqt from each other; X is a halogen atom; 150cm5.3, 05.n<3, 05.pc3,
05 g<8andm+n+p+q.3;, MEAIR'4 '[19] wherein Mais Li, Na or K; and R4 is a C1-15

hydrocarbon grougz -1} crganometallic compounds represented by Formulae

[18], [19] and [20] below;

(ec-2) organocaluminum oxy-compounds;: and

10 (c-4) compounds that react with the components (A) and

(B) to form an ion pair;

R,AD(ORY), H, X, oo o[18]

wherein R® and R® are each a C1-15 hydrocarbon group and

are the same or different from each other; X is a halogen atom;

15 C<m<3, 0<n<3, 0sp<3, 02g<3 and m + n + P+ g=3;

MﬂAIRa4 °"‘[19]

wherein M® is Li, Na or K; and R® is a C1-15 hydrocarbon

group;

REMPRE, X, o+ +[20]
20 wherein R® and RP

are each a C1-15 hydrocarbon group and

are th i i
e same or different from each other; MP ig selected from



Rarinbs412 0] 298 Mg, Zn and Cd; X is a halogen atom; OcrS2,05.t5.1 and r + s + t = 2. 4.The olefin
polymerization catalyst (b) according 5 to claim 32 which comprises a solid catalyst component (K1)
comprising a solid carrier (S), the component (C) A15d the component (A), and a solid catalyst
component (K2) comprising a solid carrier (8), the component (C) and the component (8). 105.The
olefin polymerization catalyst (b) according to claim 3, which comprises a solid catalyst component
(K3) comprisingasolidcarrier(S), the component (A), the component (B) and the component (C).
156.The BefinfolyphdriZstionicatglyat (b3 hessrdimf-@hnyPoriesaf cl8insd to S-Wherdindh Formula
[1], at least one of R1, R2, R3 and R4 is selected from the group consisting of C1-20 alkyl groups,
C3-20 cyélodlkyl &roﬁpg and C7-20 aralkyl groups. 20 7.The olefin polymerization catalyst (b)
according to any one of claims 3 to 5, wherein the component (C) is an organoaluminum
oxy-compound (c-2). 258.The olefin polymerization catalyst (b) according 299 a porous oxide. 9.
A process for progucing elefin pelymers LOMRKSiNGRAIYMErZing 906 9F Mare menqmers:selected
from ethylene and C3-20 olefins in the presence of the olefin polymerization catalyst described in any
one of claims i vehereiniat teastape bEthe mosames isethylenecorquapylaeet (K1) 10. A
process for producing ethylene polymers, 10 comprising homopolymerizing ethylene or copolymerizing
ethylene apapG3-20D|efinsia Mid prestiide of thé Joleffigolynsibation tattfyst @ascriderl in any one
of claims 2 to 8. 1511. An ethylene polymer (i) which is obtained by homopolymerizing ethylene or

polymeriFRFRMREHE dAd a RSP0l iftHP s ite GRMR UMM OIMErZaBE ¢aaRst
describe%in any. %ggéclairgs g%tg 8 a %Wé]é%g] soaﬁiesfi s{ foallllgl%ir%qlreqcuirmements [Cl] é% {5] at the
same time: 58?1} & melt flow ra (Mnrglas measured at cnder 4 load o?%.ri%q(g is1n the range
of 0.1 to 100 g/10 min;
10 5. The clefin polymerization catalyst (b) according
to claim 3, which comprises a solid catalyst component (K3)
comprisinga solidcarrier (8), the component (A), the component

(B) and the component (C).

15 6. The olefin polymerization catalyst (b} according
to any one of claimg 3 to 5, wherein in Formula [1], at least
one of R', R*, R’ and R* is selected from the group consisting

of C1-20 alkyl groupsg, C3-20 cycloalkyl groups and C7-20 aralkyl

groups.
20
7. The olefin polymerization catalyst (k) according
to any one of claims 3 to 5, wherein the component (C} is an
organcaluminum oxy-compound (c-2}).
25 8. The olefin polymerization catalyst (b} according

to any one of claims 4 to 7, wherein the sclid carrier (S) is



[2] the density (d) is in the range of 875 to 970 kg/m3; [3] the ratio [MT/fi* (g/P)] is in the range of
1.50 x 10-4 to 9.00 x 10-4 wherein [MT (g) ] is the melt tension at 190C 300 and [ri* (P)] is the shear
viscosity at 200C and an angular velocity of 1.0 rad/sec; [4] per 1000 carbon atoms, the total of
methyl branches [A (/1000 C)] and ethyl brancheg89® (/1000C)], [(A+ B) (/1000 5 C)], is not more than
1.8 according to 13C-NMR; [5] the zero-shear viscosity at 200C [no (P)] and the weight average
molecular weight (Mw) measured by GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below:
0.01x10-13 Mwdcdhssi <A5¥E0-13xMw314 (Eg-1) 10 12. An ethylene polymer (ii) which is obtained
by homopolymerizing ethylene or polymerizing ethylene and a C4-20 olefin in the presence of the
olefin polymerization catalyst described in any one of claims 3 to 8 and which satisfies the 15 following
requirements [1] to [6] at the same time: [1] the melt flow rate (MFR) as measured at 190C under

a load of 2.16 kg is.in thegias-af F 190 LM o1 ¢ ¢l (d),is in the range of 875 to
970 kg/m3; [3] the ratio [MT/1* (g/P)] Is in the rangg oef ZgSJIO Sg%éé%d &88@( fOSZ-IL erein [MT

(9)] is thepaah teasion A= apd [ ular velocity of 1.0
rad/sec; piﬁ:&[4] per 16%%1carbon atomsE gth%%%?%%ﬁ%&%ﬁg% ggl%%%ﬁgﬁgecﬁaﬁd ethyl

branehesss §6060 63kith 1:8)(HO0P S ksl gredhian it ageordio JpdSCNMR, 151 the
g

zero-shear viscosity at 200C [fio (P)] and the weight average molec t (Vve) measured by 5

GPC- wscomﬁw}(&P@e‘él&Q@)e&aﬁbéﬁ?Uéﬁ QEGILBRIOW D OIX10) o vein ot
13xMw145410.-4,50x10.13xMw3.4(Eq-1 [6] a molecular weight |str ution curve 2 0btained by

GPC shogpsa mplecniaryyeight-ata mgxg@q{g}y\@g‘ht égﬁaé% p M) in the range of 1.0 x 104'3
to 1.0 x 104'5. 10 13. An ethylene polymer (iii) WhICh Is ob y homopolymerizing ethylene or

polymerizing ethylene and a C4-20 olefin in the presence of the olefin polymerization catalyst
described in any one of claims 3 to 8 and which satisfies the 15 following requirements [1] to [6] at the

same time: 10, A process for producing ethylene polymers,
10  comprising homopolymerizing ethylene or copolymerizing
ethylene and a C3-20 olefin in the presence of the olefin

polymerization catalyst described in any one of claims 2 to

8.

15 11. An ethylene polymer (i} which is obtained by
homopolymerizing ethylene or polymerizing ethylene and a C4-20
ciefin in the presence of the olefin polymerization catalyst
described in any one of claims 3 to 8 and which satisfies the
following regquirements [1] to [5] at the same time:

20 [1] the melt flow rate (MFR) as measured at 190°C under
a load of 2.16 kg is in the range of 0.1 to 100 g/10 min;

[2] the density (d) is in the range of 875 to 970 kg/m?;
[3] the ratio IMT/n* (g/P)! is in the range of 1.50 x 10°*

to 9.00 x 1E.J‘4 wherein [MT (g)] is the melt tension at 1%0°cC



[1] the melt flow rate (MFR) as measured at 190C under a load of 2.16 kg is in the range of 0.1 to 100

0/10 min; [2] the density (d) is in the range of 875 to 936 kg/m3; [3] the ratio [MT/q' (g/P)]
is in the range of 2.50 x 10-4 20 to 9.00 x 10-4 wherein [MT (g)] is the melt tension at 190C and [fi' (P)]
is the shear viscosity at 200C and an angular velde®y of 1.0 rad/sec; [4] per 1000 carbon atoms,

the total of methyl branches 302 [A (/1000 C)] and ethyl branches [B (/21000 C)], [(A + B) (/1000 C)1,
is not more than 1.8 according to 13C-NMR; [5] the zero-shear viscosity at 200C(P)] and the

weight aygrageqrolegylar weight {Myn dagaspred 8y broPErviseametry {aPenV ()1satisfy Equation
(Eg-1) below: 0.01 10 3xMw3.4110,-.4.50x10 xMw3.4(Eg-1) [6] a molecular weight distribution

curve obtained: by o R(E shows sa@pleslar weight at a maximum weight fraction (peak top M) in the
range of 1.0 x 104.20 to 1.0 x 104'5. 10 14. An ethylene polymer (iv) which is obtained by polymerizing
ethylene and a Q3:-20gdefin inothe-presenca obihe, olefie polyradrizatiorecataly sbdescried in any one
of claims 3 to 8 and which satisfies the following requirements 15[1] to [5] at the same time: [1]
the ratio W3¢ AINM3010)ip iartbesiange ef:hd@ ke OBwhereindMSs. 14, (Moo} B)the/comoent of C3-4
a-olefins and [M3-10 (mol%)] is the content of C3-10 a-olefins according tol3C-NMR; [2] the
meltfloncrate (MER) a8 meassirethahl90@ uaden2@ adead of 226 kyRs in the range of 0.1 to 100 g/10
min; [3] the density (d) is in the range of 875 to 970 kg/m3; [4] the ratio [MT/i* (g/P)] is in the

range of 1.50x 1§+ tor$00 2e1Q:4avhareinMk: (hliisitha thelbtensiopngt X30G 30XardiEL1* (P)] is
the shear viscosity at 200C and an angular velocity of 1.0 rad/sec; [5] the zero-shear viscosity at
200C [flo/)pard Hhe=weaight avarage radleadagiveighm@whaeasoeed by

GPC-viscometry (GPC-VISCO) satisfy Eguation (Eg-1) below:

10
12. An ethylene polymer (ii) which is obtained by
homopolymerizing ethylene or polymerizing ethylene and a C4-20
olefin in the presence of the olefin polymerization catalyst
described in any one of c¢laims 3 to 8 and which satisfies the
15 following requirements {1] to [6] at the same time:
[1] the melt flow rate (MFR) as measured at 190°C under
a load of 2.16 kg is in the range of 0.1 to 100 g/10 min;
{2] the density (d) is in the range of 875 to 970 kg/m?;
[3] the ratio [MT/n" (g/P)] is in the range of 2.50 x 107¢
20 to 9.00 x 107* wherein [MT (g)] is the melt tension aﬁ 190°C
and [n" (P)] is the shear viscosity at 200°C and an angular
velocity of 1.0 rad/sec;

[4] per 1000 carbon atoms, the tetal of methyl branches



5 GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below: 15. A shaped article obtained
from the ethylene polymer described in any one of claims 11 to 14. 16. The shaped article
according to claim 15, which is a film. 304 BRIDGED METAILOCENE COMPOUND, OLEFIN
POLYMERIZATION CATALYST CONTAINING THE SAME, AND ETHYLENE POLYMER OBTAINED
WITH THE CATALYST 5ABSTRACT Metallocene compounds of the invention are useful as olefin
polymerization catalysts or catalyst components. Olefin polymerization processes of the invention

involve an[alefirupaipnerizadion catalyst seatainiag the metaiersre fompaund & detail dhe olefin
polymerization catalysts can catalyze with high polymerization activity the production of olefin

polymers baying:high areliniepsioanaxcellent mesharisakpirength@nggood particle properties, and the
olefin 15 polymerization processes involve the catalysts. Ethylene polymers according to the invention

are obtained by the polymerization precesses apdhave highey precesgability ﬁpdaef?éﬁxggning
al ethyle

properties and particularly excellent mechanical strength compared to convention ne polymers.

20 Thermeplasiic rasia agwoskiDes0f d1e iweatian Q@m?inﬂéﬁﬁﬁ%ﬁn%wwmers- In more detai,
shaped articles or films are obtained from the ethylene polymers or the thermoplastic resin

compEositieRe containing the ethylemevnalymerss and dapineda filpsinclugg 1he films. ;305

According to the invention, a single or plural kinds of bridged metallocene compounds having differing

cyclopentadienyl-defved ups afford macromonomgss that are a source of long-chain branches and
T AR

e l@M Xy ’ezmé@g%. - (%MW aclqmmnlirs into olefin polymers having a
large number of Tong-c brafich€s, ‘'smalf heck-in 't the T-di trpsion, small take-up surge and
superior mechanical strength. The olefin polymerization catalysts and the polymerization processes
can efficiently prodiice the 18eieliapelyigrs Hosuable-kigH8urve cbtained by GpC
shows a molecular weight at a maximum weight fraction (peak
top M) in the range of 1.0 x 10*3% to 1.0 x 10%5°,
10
13. An ethylene polymer (iii) which is obtained by
homopolymerizingethylenecn:polymerizingethyleneandaaC4—20
clefin in the presence of the olefin polymerization catalyst
described in any one of claims 3 to 8 and which satisfieg the
15 following requirements [1] to [6] at the same time:
[1] the melt flow rate (MFR) as measured at 190°C under
a load of 2.16 kg is in the range of 0.1 to 100 g/10 min; .
[2] the density (d) is in the range of 875 to 936 kg/m?;
[3] the ratio [MT/M" (g/P)] is in the range of 2.50 x 10
20 to 9.00 x 107* wherein [MT (g}] is the melt tension at 190°C
and [n" (P)] is the shear viscosity at 200°C and an angular

velocity of 1.0 rad/sec;

[4] per 1000 carbon atoms, the total of methyl branches
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[A {/1000 C)] and ethyl branches [B (/1000 C)II, {(A+B) (/1000
€)1, is not more than 1.8 according to **C-NMR;

[5] the zerc-shear viscosity at 200°C [ne (P})] and the
weight average molecular weight {(Mw) measured by

GPC-viscometry (GPC-VISCO) satisfy Eguation (Eg-1l) below:

0010 Sy 45010 ™ - Bg-1)

[6] a molecular weight distribution curve obtained by GPC
shows a mclecular weight at a maximum weight fraction (peak

top M) in the range of 1.0 x 10%%° to 1.0 x 10%°%°,

14. An ethylene pézymer (ivf which is cbtained by
polymerizing ethylene and a C3-20 olefin in the presence of
the olefin polymerization catalyst described.in any one of
claims 3 to 8 and which satisfies the following requirements
1} to [5] at.the same time:

[1} the ratio [M;.4/Mi.;q] is in the range of 0.30 to 1.00
wherein [M;.; (mol%)] is the content of C3-4 o-olefins and [Mi-1g
(mol%)] is the content of C3-10 at-olefins according to P*C-NMR;

[2] the melt flow rate (MFR} as measured at 190°C under
a locad of 2.16 kg is in the range of 0.1 to 100 g/10 min;

[3] the density (d) is in the range of 875 to $70 kg/m?;

[4] the ratio [MT/n" (g/P}] is in the range of 1.50 x 10™*

to 9.00 x 10™* wherein [MT (g)] is the melt tension at 190°C
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and [n" (P)] is the shear viscosgity at 200°C and an angular

velocity of 1.0 rad/sec;

[5] the zero-shear viscosity at 200°C [ne (P}] and the
weight average molecular welght (Mw) measured by

GPC-viscometyy (GPC-VISCO) satisfy Egquation (Eg-1) below:

001107 XM * S0 450410 M - [Bg-1)

15. A ghaped article cbtained from the ethylene polymer

described in any one of claims 11 to 14.

16. The shaped article according to claim 15, which is

a film.
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BRIDGED METALLOCENE COMPOUND, OLEFIN POLYMERIZATICON CATALYST
CONTAINING THE SAME, AND ETHYLENE POLYMER OBTAINED WITH THE

CATALYST

ABSTRACT

Metallocene ccompounds of the invention are useful as
olefin polymerization catalysts or catalyst components.
Olefin polymerization processes 0of the invention involve an
olefin polymerization catalyst containing the metallocene
compeound. In detail, the olefin polymerization catalysts can
catalyze with high polymeri;ation activity the production of
clefin polymers having high melt tension, excellent mechanical
strength and good particle properties, and the olefin
polymerization processes involve the catalysts. Ethylene
polymers according to the invention are obtained by the
polymerization processes and have higher processability and
easy-opening preoperties and particularly excellent mechanical
strength compared to conventional ethylenes polymers.
Thermoplastic resin compositions of the invention contain the
ethylene polymers. In more detail, shaped articles or films
are obtained from the ethylene polymers or the thermoplastic
resin compositions containing the ethylene polymers, and

laminate films include the films.
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According to the invention, a single or plural kinds of
bridged metallocene compounds having differing
cyc1opentadienyl—d@rived.groups afford macromonomers that are
a source of long-chain branches and simultaneously catalyze
the repolymerization of the macromonomers into olefin polymers
having a large number of long-chain branches, small neck-in
in the T-die extrusion, small take-up surge and superior
mechanical strength. The olefin polymerization catalysis and
the polymerization processes can efficiently produce the

clefin polymers.

No Suitable Figure.



