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1 DESCRIPTION BRIDGED METALLOCENE COMPOUND, OLEFIN

POLYMERIZATION CATALYST CONTAINING THE SAME, AND

ETHYLENE POLYMER OBTAINED1WITH THE 5 CATALYST FIELD OF

THE INVENTION [0001] The present invention relates to metallocene

compounds 10 useful as olefin polymerization catalysts or catalyst

components, and to olefin polymerization processes with an olefin

polymerization catalyst contaf#&§tHeme@locene compound. In detail,

the invention relates to olefin polymerization catalysts that can catalyze

with high 15 polymerization activity the production of olefin polymers

having high melt tension, excellent mechanical strength and good patrticle
BRIB%%rH@%W%E@s VR A Boly P B B0 R OB O B BSRATSINY A TAL YST
catalysts. Further, the invention relates to ethylene polymers obtained by
CONWﬁﬁVﬁeﬂ%icﬁ%ce@%& PO N e RObU MRBC R ERIINEANNITH THE
particularly excellent mechanical strength compared to conventional
ethylene polymers, and relate$fe-e¥fdplastic resin compositions
containing the ethylene polymers. In more detail, the invention is
concerned with shaped articles ical strength compaor films that are 2
obtained from the ethylene polymers or the thermoplastic resin

FIEILBnipBsitits EHNERRG e ethylene polymers, or relates to laminate

films including the films. Furthermore, the
[0001]

The present invention relates to metallocene compounds
useful as olefin polymerization catalysts 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 cataliyze with high
polymerization activity the production of olefin polymers
having 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
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 compaor films that are
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invention is concerned with ethylene polymers that have good 5
processability and easy-opening properties compared to conventional
ethylene polymers, and thermoplastic resin compaositions 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 the ethylene polymers, or
obt abRges Tt ManfitR SRR MR YR S *BREK EROURPDIGR T es1n.
INVENTION [0002] 15 Olefin polymers are shaped by various methods
compaTl 6T n FREE-FAFEEa SRR RIBRY LESie RMBIB GifylehE feyRERS to
are extruded into films or sheets for use in the packaging of foods, liquids
Lamigiadesly Slhufed TORHA BOH/N&1R rEddie varfoud pRGIErES def&iiding
on the shaping methods or use 20 applications. In the case of T-die

invengiribriss ARSGRIRE WA E R RIPanES ST he sidifye good

processability even at high speed (high-speed film-forming properties)
procarpshal ifeckand0oss)y3 AR dBAsBI SENEthyIEfe SATRBE Ry tO
high-pressure radical polymerization have a high melt tension because of
convagfk 1complicRidw bRRHRM BRfERed 3R cthRRT AR ShBivigode 512
~ shaping processability such as small neck-in, thereby finding 5 various
comppest e ePreing o et EResRPRATE Ty médhAREg detall,

strength properties such as tensile strength, _ .
the invention is concerned with shaped articles cr films that

are obtained from the ethylene polymers or the thermoplastic
resin compositions containing the ethylene polymers, or

relates to laminate films including the films.

BACKGROUND OF THE INVENTION
[0002]

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

[0003]
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tear strength and impact resistant 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 strenﬁth, tear strength and impact resistant
strength due to their molecular structures, and they are used in
applications 15 requiring mechanical strength. However, these polymers

havkCY |8F e 1B ooifiem e ALPSE shapingisbeasapiinge
[0005] To solve these problems, [1] LDPE is blended with a 4
radyeildpearaNierairhetaliviem & sdiaiy Rall dtyparsl polyrrec regrdidriteir
Document 1); [2] the molecular weight distribution is broadened by
COmpl tFtaGe pbREZEASH (PARREDBEUMEALDE YBES lorRPéhah oraded
ethylene polymer is produced with a chromium catalyst; [4] a long-chain
ShaBMW%ﬁmlp%weﬁ%%raeuéé@MW Spedifio mdtafsdend inding
catalyst (Patent 4 Document 3) ; [5é macro monomers are copolymerized
Var yfp ISR a spECARREalDRBRE Catdlfst3d R etd g Laram pranchddave
ethylene polymer (Patent Document 4); or [6] ethylene and diene are
Lovw BRERATEZRY \FiliF 656 bRaRpeBRiE AaRIIScEH: eftaliRhs 1d affofeangth,
long-chain branched ethylene polymer (Patent Documents 6 and 7) .
teafgiidverdhe RBthotMRRGled5irceasss sdostidthe bivditgorthebese
polymers, and the ethylene polymers obtained by the methods [21, [3] ,
polm% ﬁ]%@@%rﬁéﬁﬁﬂ%@?d film-forming properties in T-die

extrusiocn.
[0004]

In contrast to LDPE, Ziegler-catalyzed or
metallocene-catalyzed ethylene pﬁlymers possess high tensile
strength, tear strength and impact resistant strength due to
their molecular structures, and they ére used in applications
reguiring mechanical strength. However, these polymers have
a low melt tension and consequent poor shaping processability.
[0005]

To solve thege problems, [1] LDPE is blended with a
Ziegler-catalyzed or metallocene-catalyzed ethylene polymer
(Patent Document 1); [2] the molecular weight distriﬁution is
broadened by multistage polymerization (Patent Document 2);
[3] 2 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
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of long-chain branches and do not have a sufficient melt tension 10 or
shaping processability. Further, the method [6] can deteriorate
mechanical characteristics inherent to polymers or can result in gelation
when the diene is used in large am@unts. [0006] 15 Patent Documents 8
and 9 teach the use of two or more kinds of metallocene compounds or
organometallic complexes in order to produce more long-chain branches
Docugiam tndreastSthe e AehSRATEHH R, BRRRIBE0f 16y Chain use of
branches is still insufficient and problems remain in terms of shaping 20

2 spERtbisapitA FLRRENhE ThWIR tatWigAi¥ fafbt M thé imblishianched

level. [0007] As discussed above, it has been difficult to produce resins
ethyHKRfY g TR (PRI PNE RXEBRSH hbehRRids 5 eftfenygme and diene
inexpensively and efficiently by means of the conventional catalyst
are GRREMETHFDYARENHIRG SRR, I otheP SFckdd hastevbloppfait sfatalyst
efficient production processes for ethylene polymers having high melt
to aEReBA dhdlORenEms. meehameRestHHY IsaRpoRaAYEST highRtent
valuable in the industrial production. [0008] When ethylene polymers are
Docupiit#s &aiights)in pdERUGH T matERaRe Hopollledheqtty increases
mechanical strength such as 10 heat seal strength or pack breakage
costsqréﬁg‘@@?obﬁ\fg%@gfp@ of the polymers, and the ethylene polyme:rs

obtained by the methods [2], {3], {4] and {5] have a small number
of long-chain branches and do not have a sufficient melt tension
or shaping processabkility. Further, | the method [6] can
deteriorate mechanical characteristics inherent to polymers
or can r@suit in gelation when the diene is used in large
amounts.

[o006]

Patent Documents 8 and 9 teach the ﬁse 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 ig still
ingsufficient and problems remain in‘ terms of shaping
processability. Purther, the catalytic activity is far below
the industrial level.

[0007]
As discussed above, it has been difficult to produce

resins having high melt tension and excellent mechanical
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contents. However, packaging materials that are easily opened (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 seal strength. [0009] The present inventors studied diligently in
strepgtdf thee2@ problead in thedart 4 Hesethe gheve. dbey Haye then

found that a single or plural kinds of bridged metallocene compounds
contigvihg @iffering tydlypenagismyhdesivédygramsdanpifersins . Tn other

macromonomers that are a source of long-chain branches and can
wordignultdrecisiedatalyza the fepdymetizatiorpetibie 6 RACOMOPORES for

into olefin polymers having a large number of long-chain branches, small
ethyieeinm ipahyiedie dxdrasion, Isinall takeHIpcsiige @R SuPCHERIEe 1 lent

mechanical strength or clef in polymers having small neck-in in the T-die
mechandsien, sshakbaake-Up singeanceasy ndehingpIgPeries: Bk in the

compounds as olefin polymerization catalysts and polymerization
indpedvessds msivpttteicompounds have been found to be capable of

efficiently producing the olefin polymers as described above. The present
[00@R/Ention has been completed based on the findings. 10 Patent Document

1: WO 99/046325 Patent Document 2: JP-A-H02-53811

When ethylene polymers are used as sealants in packaging

materials, the polymers reguire mechanical strength such as

heat seal strength or pack breakage strength to protect the
contents. However, packaging materials that are easily opened
(have easy openability) attract attention out of consideration
for elderly people, infants and disabled pecple. One of.the
approaches for easy openability is to appropriately weaken the
heat seal strength at the sealed portion. Accordingly, there
is a need for ethylene polymers having appropriately low heat
seal strength.

[0009]

The present inventors studied diligently in view of the
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



10

15

20

Patent Document 3: JP-A-H04-213306 Patent Document 4:
JP-A-HO8-502303 15 Patent Document 5: JP-A-H04-213306 Patent
Document 6: JP-A-H01-50163 Patent Document 7: JP-A-H04-506372
Patent Document 8: JP-A-H07-252811 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
MACT GUEREIRTAVRE R i HidreRr@ah BfEd A B HRInFertitnds JHoMRET ©F
bridged metallocene compounds for_olef in polymerization that can afford
longnfbaigh pEIgRensatior S livin’ s rétatvely- Pow Holdcuf St tEmP™ -
polymer (macromonomer) having a higher proportion of terminal double 5,
smalgohak fraPpfothie A Bf BrRemicaMRERAGd & cSpoTAgs: pHsP et in
another object to provide olefin polymerization catalysts containing the
PolyBidgedRbiaNdcERE LontbBhRas in HetdiFGe i Pbiynidation WtalfHa -1
that can catalyze with high polymerization activity the production of olefin
takepdipnieis oo Aadi r@ﬁgh%@wmi&r{%&‘éﬁéﬁ%ec%ﬂrﬁw&%%waﬁdas
good particle properties, and to provide polymerization processes using
olefhp RRAVIRT 5e B FGRNEAGE ¥ ThR  AVRRIST T PR e A fepes S Ses

homopolymers or copolymers that have good processabilit}:( and

uSi%FtE%ISFPP‘EQBQ%ME@IﬁﬁEEIfOHnd to be capable of efficiently

prdducing the clefin polymers as described above. The present

invention has been completed based on the findings.

Patent Document 1: WO 99/046325
Patent DocumentIZ: JP-A-HO02-53811
Patent Document 3: JP-A-H04-213306
Patent Document 4: JP-A-H08-502303
Patent Document 5: JPMA—HO4—2i3306
Batent Document 6: JP-A-HO01-50163

Patent Document 7: JP-A-H04-506372

Patent Document 8: JP-A-HO7-252311

Patent Document 9: JP-A-2006-2057

SUMMARY OF THE INVENTION

- {o010]

The present invention has been made in view of the

background art as discussed above. It is therefore an object
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15 strength compared to conventional ethylene polymers, and to provide
thermoplastic resin compositions containing the polymers. It is a still
further object to provide shaped articles or films that are obtained from
the polymers or the thermoplastic re5in compositions, or to provide
laminate films 20 including the films. Furthermore, the invention has an
object of providing ethylene homopolymers or copolymers that have good
of thecéssmiity andtendyrepasiagyrégatidstohiared tocomventomas for
ethylene polymers, and thermoplastic resin compaositions containing the
oledifiyeaé YaRMaEst kos d switschuntivdt fobist mifthehihgéntion yoprolvide: ion
shaped articles or films that are obtained from the polymers or the
act ieririoprastie L rtshy edmpdsiioms b et beovideebatifiate fths inglodimge ¢
the films. 5[0011] A bridged metallocene compound according to the
(ma greseprImeanticirisrapresdntei by FoFeBlil] belowt [061RjiR2 RIRIbLe
R4 Q1 x 10[0013] wherein R1, R2, R3 and R4 are selected from a -
bonggdrhgenratemii @ e o gritpansiliconvohiakiaggopsounds . It
heteroatom-containing groups and halogen-containing groups and are the
is apatderdirfelattrdm anecaticlre Faf R, IRdlamgrization catalysts

containing the bridged metallocene compounds, in detail olefin
polymerization catalysts that can catalyze with high
polymerization activity the production of olefin polymers
having high melt tension, excellent mechanical strength and
good particle properties, and to provide polymerization

processes using the catalysts. It is a further object of the

‘invention to provide ethylene homopolymers or copolymers that

have good preocessability and particularly excellent mechanical

strength compared to conventional ethylene polymers, and to

provide thermoplastic resin compositions containing the

polymers. It is a still furthér object to provide shaped
articles or films that are obtained from the polymers or the
thermoplastic resin compositions, or to provide laminate films
including the films. Furthermore, the inventicn.hés an object
of providing ethylene homopolymers or copolymers that have good
processability and easy-opening properties compared to
conventional ethylene polymers, and thermoplastic resin

compositions containing the ethylene polymers. It is a still
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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 R1 to R4 may be linked together

to form an aliphatic ring; Q1 is 9 selécted from C1-20 hydrocarbon

groups, halogen-containing groups, silicon-containing groups,

germanium-containing groups and tin-containing groups; X independently
furtdwacqum@@m@rfcé;mazgn@wtemnt@fmmhﬂer@@mdmm@@m r

atoms, hydrocarbon groups, halogen-containing groups, :
fil@lié&aéoﬁmrpigt@réapsl Sxyrer-eentsidivgersups, Suffurltentsigigstic

groups, nitrogen-containing groups and phosphorus-containing groups;
resigngMBEEHahn atom, @ Honits dtemicrarkafiidmsatons 1003[00% 4G he

79R 2810 [0015]R11 R13 11 C-E-C-H 1 R 12 R14 [31 [0016] 10 R15
£ilmez ER9

[0011]
A bridged metallocene compound according to the present
invention is represented by Formula [1] below:

[0012]

RZ R3

.,,.[1]

[0013]

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
R* are not all hydrogen atoms and ét least one of these groups
is an ethyl group or a group represented by any of Fo_rmulae
[2] to [7] below; neighboring substituent groups among R' to

R* may be linked together to form an aliphatic ring; Q* is
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Il C-C-C-H 8R10....[4] [00171 R11 R15R131I1I1C-I-C-H R11R14.
...6] [00181 RISR7RII11T-C__._C.-—H RI6R$5R10....[6]
[0019] R11 R1I5R13 111 C-t-CH R11 R16 R14....[7] [00201 wherein
R7 to R16 are selected from a hydrog§en atom, 10 hydrocarbon groups,
silicon-containing groups, heteroatom-containing groups and
halogen-containing groups and are the same or different from one

selansther, fubthegiare d Ihpotakh MRS PANIE afe eacha dé\éﬁ{%%mng
heteroatom; G and
groups, silicon-containing groups, germanium-containing
groups and tin-containing groups; X independently at each
occurrence is a group selected from a hydrogen atom, halogen
atoms, hydrocarbon groups, halogen-containing groups,
silicon—containing groups, oxygen-containing groups,
sulfur-containing groups, nitrogen-containing groups and

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

zirconium atom or a hafnium atom;

[0014]
1T
D C C H =0 o[ 2]
FLB A‘EO
[0015]
F2?1 F§13
| |
C—E—C—H
R12 R4 TS



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 following components
(A) and (C) : [0021] Component (A}%he bridged metallocene compound
represented by Formula (1) above; 10 [0022] Component (C): at least one
compound selected from the group consisting of: (c-1) organometallic
cw’bﬁurR?repR%nted by Formulae [11], [12] and [13] below; 15 (c-2)
organoaluminum oxy-compounds; and (c-3) compounds that react with
thé component (A) to form an ion pair; [0023] RaMAI (QRb) n HA XQ +
e {&t=—2Q 0024 wherkh Ra and Rb are each a C1-15 hydrocarbon

group and are the same or different from each other; X is a halogen atom;
O<m<_3,08n<3 p<3,0< g<3and m+n+p+q=3; 12 [0025] MR Al
R'4 4 . (rfp21 26] wherein Maris*L{, Malor K; and Ra is a CI-15
hydrocarbon
[0017]
R’H R?S R‘K%
? L (|3 H
R R4 e [5]
[0018] |
F{?S F§7 FQQ
RN
16 o8 10
. R R® R c e (6]
[6019]
R“ R?S R13
A
Rﬂ R'IS R'M e [7]
fao20]

wherein R7 to R'® are selected from a hydrcgen 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



10

15

20

5 group; [0027]yRaKbR b6 X[ti(r) 11 3] [0028] wherein Ra and Rb
are each a CI-15 hydrocarbon group and 10 are the same or different
from each other; Mb is selected from Mg, Zn and Cd; X is a halogen
atom; 0<r<_2, 0<_s51, 0<_t51 and t1+ s + t = 2. An olefin polymerization
catalyst (b) according to the present invention comprises the following
components (A), (B) 15 and (C): [0029] Component (A): the bridged

not raetalogeeipempd et répeese med ivyaFdiwala dHabeves: fR0308m 203 and
Component (B): a bridged metallocene compound represented by

L afFermeki(1d) befove [6081] 1St RIBRIMR1Z2R20TQRM Wixa R28424HR2
7 QR22 R25R24 23 ...[14]

tetravalent hetercatom or a carbon atom.

An olefin‘polymerization catalyst (a) according to the

present invention comprises the following components (A) and

(C)

[0021]

Component (A): the bridged metallocene compound

represented by Formula (1) above;
[0022]

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

group consisting of:

{c-1) oréanometailic compounds represented by Formulae
[11], [12] and [13] below;

kc~2) organcaluminum oxy-compounds; and

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

f00223]

X, +rQ11]

Re. AL (ORY) , H, X,
[0024]

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, 0sSn<3, 0Sp<3, 0<g<3 and m + n + p + g = 3;
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[0032] 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, ph®sphorus-containing groups,
silicon-containing groups, germanium-containing groups and
tin-containing groups and are the same or different from one another;

[ 602&dighboring substituent 10 groups among these groups may be linked
together to form a ring; Q2 is selected from CI-20 hydrocarbon groups,

,halggen-containing groups, silicqn-goAtaining groups,

M éger %i&r—&ccintaining‘grbuﬂs@ d &:jcontaining 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

[002#bm, halogen atoms, hydrocarbon groups, halogen-containing groups,
silicon-containing groups, 14 oxygen-containing groups, sulfur-containing
grotiper sieodenicordinif grsuds ard@ Hhsphdras-eonteiniRy gFeGis on

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

growpnsisting of: 5 (c-1) organometallic compounds represented by Formulae

[18], [19] and [20] below; (c-2) organoaluminum oxy-compounds; and (c-4)
[002Zbimpounds that react with the components (A) and (B) to form an ion
pair; 10 [0033]

R® MPRY, X, ++--[13]

[0028]

wherein R* and R® are each a €1-15 hydrocarbon group and‘
are the same oy different from each other; M® is selected from
Mg, Zn and Cd; X is a halogen atom; O<r<2, 0<ssl, 0<t<£l and r
+ 8 + L o= 2,

An olefin polymerization catalyst (b} according to the
present invention comprises the following components (&), (B)
and (C):

[o028]

Component (A): the bridged metallocene compound

represented by Formula [1] above;

[0030]

Component (B}: a bridged metallocene compound

repregented by Formula (11) below;

[0031]
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RE MA | (ORh) n HP X4 [181 [0034] wherein Ra and Rb are each a CI-15
hydrocarbon group and are the same or different from each other; X is a
halogen atom; 15 0<m<_3, 0<n<3, 0<_p<3,0<_ g<3andm+n+p+qg=
3;[0035] y M2 A | R a 4 [193 [0036]'Wherein Ma is Li, Na or K; and Ra is a
CI-15 hydrocarbon. 20 group; [0037] 15 Rar bRbs Xt f B ., C? 0] [0038]
wherein Ra and Rb are each a CI-15 hydrocarbon group and are the
samesdlffer(-;ilat from each other; Mb is selected from 5 Mg, Zn and Cd;
X is &¥loggh atom; O<r<_2, 0<_s5i, 0<_t!'51 and r + s +t = 2. The olefin
n catalyst (b) may further contain a solid carrier (S). In an
SREMl olefin polymerization catalyst may comprise a solid
Qmponent (K1) comprising the solid carrier (S), the
compongnt (G) and,the component (A), and a solid catalyst component
(K2) cqﬁpnsmmfﬁe solid carrier (S),, the component (C) and the

Y. In @hother embodiment, such olefin polymerization
mpyrise a solid catalyst 15 component (K3) comprising the

Rz? R22
R26 25 RE_S
R R24 & & o @ [1 4]
[0032]

wherein R* to R®*°, and R* to R?® are selected from a
hydrogen atom, hydrocarbon groups, halogen-containing groups,
okygen-containing groups, nitrogen-containing groups, |
boron—containing.gfoups,.sulfur«containing groups,
phosphorus-containing groups, silicon-containing g.roups,
germaniumvcontgining gréups and tin-containing groups and are
the same or different from cne another; neighboring substitueﬁt
groups among these groups may be linked tegether 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
selected from a titanium atom, a zirconium atom and a hafnium
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,



[0039] In Formula (1), at least one of R', R2, R3 and R4 is preferably a
hydrocarbon group. The component (C) is 20 preferably an
organoaluminum oxy-compound. The solid carrier (S) is preferably a
porous oxide. [0040] A process for pfoducing ethylene polymers according
to 16 the present invention comprises homopolymerizing ethylene or
polymerizing ethylene and a C3-20 olefin in the presence of any of the

oxygelefiepolymiarizationcatahsts desdiibetcaivvel o041 |SRERMylene
polymer (i) according to the present invention is obtained by

nit ripgaopelgmetizmiRahylepens ebfolRRsARyhypetantrd €3-gpoups;
a-olefin in the presence of the olefin polymerization catalyst (b) and
safisfiesanenfolld@ing rgulrefthtSg t6 PHREEesambamied F agthd he
melt flow rate (MFR) as measured at 190C under a load of 2.16 kg is in

groubesangs. F G100 g/10 min; [2] the density (d) is in the range of 875
to 970 kg/m3; [3] the ratio [MT/1* (g/P) ] is in the range of 1.50 x 10-4 to

5 9.00cx 10-Luhe T §)] ¢s trenpreinessisf Rt 2968t €5 apid [Fpemyfae

is the shear viscosity at 200C and an angular velocity of 1.0 rad/sec; [4]

[181per 109D @rBorl atbm&ahetotal of methyl branches [A (/1000 C)] and
-ethyl branches [B (/1000 C)], [(A + B) (/1000 C)], is not more than 1.8
acd@d%b‘t@ﬂ%‘—ﬁlﬂ@?ﬂinﬂm oxy-compounds; and

(c-4) compounds that react with the components (&) and
(B) to form an ion pair;

10 [0033]

Re AL (ORY), H, X, ++ (18]

[0034]

wherein R* and R® are each a Cl-15 hydrocarbon group and

are the same or different from each other; X is a halogen atom;
15 0<m<3, 0<n<3, 0<p<3, 0<g<3 and m + n + P + g = 3;

[0035]

M® AIR®*, -+ +[19]

[0036]

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

20 group;

[0037]
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20 [5] the zero-shear viscosity at 200C [Tlo (P)] and the weight average
molecular weight (Mw) measured by GPC-viscometry (GPC-VISCO)
satisfy Equation (Eg-1) below: [0042] 17 O,01x10-13xMW3.4<fl0
<4,5X10-13xMW3.4 wtl_-(Eq_1) [0B43] An ethylene polymer (ii)
according to the present invention is obtained by homopolymerizing
ethylene or 5 copolymerizing ethylene and a C4-10 a-olefin in the
presence of the olefin polymerization catalyst (b) and satisfies the
R afoI gn uwé%nents f1]sto {6} tﬂ ame time: [1] the melt flow rate
FR) as meéasured at 190C under a load of 2.16 kg is in the range of 0.1
to 100 g/10 min; 10 [2] the density (d) is in the range of 875 to 970 kg/m3;
[oo[Bg the ratio [MT/r)‘ (9/P) ] is in the range of 2.50 x 10-4 to 9.00 x 10-4
wherein [MT (g)] is the melt tension at 190C and [r)" (P)] is the shear

visconit-ati 208€ and atPangulaszvalogity ot 1.9 ¢ P8P N0 ang
carbon atoms, the total of methyl branches [A (/1000 C)] and ethyl

arebtanehesnB (1089 Db L6t BYAH0QR G)]oisor mere than 1.8 - o4 dfrom
according to 13C-NMR,; [5] the zero- -shear viscosity at 200C [r)o (P)] an

Mg , then weightcaveragednglecsias yusight () measyrediy 20  neeer ooy o
GPC-viscometry (GPC-VISCO) satisfy Equation (Eq i) below: P } FOf
+ 8X1013%Mx\3,4=g0 <4,SOX1013XMW3,4 --- (Eq..

The olefin polymerization catalyst (b) may further
contain a solid carrier (S). 1In an.embodiment, such olefin
polymerization catalyst may comprise a solid catalyst
component (K1) comprising the solid carrier (S), the component
(C) and the component (A), and a solid catalyst component (K2)
comprising the solid carrier (8). the component (C) and the
component (B}. In another embodiment, such olefin
polymerization catalyst may comprise a solid catalyst
component (K3) comprising the solid carrier {8), the component.
(A), the compcnent (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
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18 [0045] [6] a molecular weight distribution curve obtained by GPC
shows a molecular weight at a maximum weight fraction (peak top M) in
the range of 1.0 x 104'30 to 1.0 x 104.50 5 [0046] An ethylene polymer (iii)
according to the present invention iobtained by homopolymerizing
‘ethylene or copolymerizing ethylene and a C4-10 a-olefin in the presence
of the olefin polymerization catalyst (b) and satisfies the 10 following

the gepfFeRertsTHRS IGFaRBEREFREFMeCNPRRE MBR T ifle YMPR)SRS ©F
measured at 190C under a load of 2.16 kg is in the range of 0.1 to 100

- polypen hmAng2eheieesy fdds i fFerafge e85 td D36k /MBeFSIRE ©of

ratio [MT/r)" (g/P)] is in the range of 2.50 x 10-4 15 to 9.00 x 10-4 wherein

any [T t)pisthe Fidl rebIBREAIDOT. aRdIEE PY 5§ helsmearirscdsp are -
200C and an angular velocity of 1.0 rad/sec; [4] per 1000 carbon atoms,
[004thé 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 13C-NMR,;
[5]4e 2EfevSIRsE? VRCBEMP At 460C RIOIPH R the WBRyHPRFERTE
molecular weight (Mw) measured by GPC-viscometry (GPC-VISCO)
1nvegHisRIE deatfnt s Beliv: PR PPLY BRO Ad 3 83 R 3 882 00T
{4,53x1Q 13XMW3.4 (g-1) . : _
copolymerizing ethylene and a C4-10 ¢-olefin in the presence

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

[1j the melt flow rate (MFR) as measured at 190°C under
a ioad of 2.16 kg ig in the range of 0.1 to 100 g/io min;

[2] the density (d) is in the range of 875 to 970 kg/w’;

{3] the ratio [MT/n* (g/P)] is in the range of 1.50 x 107*
to 9.00 x 10™* wherein [MT (g)] is the melt tension at 190°C
and [m* (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)], [(A + B) (/1000
C)], is not more than 1.8 according to PO-NMR;

[5] the zero-shear viscosity at 200°C [1e (P)] and the
weight average molecular weight (Mw) measured by
GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below:

[0042]
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[0048] [6] a molecular weight distribution curve obtained by GPC shows a
molecular weight at a maximum weight fraction (peak 5 top M) in the
range of 1.0 x 10420 to 1.0 x 104.5. [0049] An ethylene polymer (iv)
according to the present invention is7obtained 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

requir (i?ent o [5] at the same tlme | 1] the ratlo [M3 -4/M3-10] is in the

0. Orlax@@ ) ] is tent of C3-4

a-olefins an [M31 q(g){](mol IS the tent of oIeflns according
to 13C-NMR; 15 [2] the melt flow rate (MFR) as measured at 190C under

[oo0a igad 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/rl' (g/P) ] is in the

range:0L.h0 X2 440 1 h |s th melt tension at
190C 20 aE;I% [N (P)]éis sﬁegrlagvcoss%%%%é%) and a?k}]an qigpent

inveeloeibnhofik0spd/sesl9] g3e H%fﬂ Mgggs%y%% %)r. P) and the

weight average molecular weight (Mw) measure -V|sc8ﬁ1etry

ARSI R %ﬁ] migeuRencs
of ph@nﬁX&fMQ|@dﬂ§%@§f&§§¥%ﬁ”@%9ﬁf&st and satisfies the
following reguirements [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;

[21] 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 tension at 19§;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

(/1000 C)] and ethyl branches [B (/1000 C)1, [{A+B) (/1000

C}l, is not more than 1.8 according to *3C-NMR;

[5] the zero-shear viscosity at 200°C Mo {(P)] and ﬁhe
weight average molecular weight (Mw) measured by
GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below:

[0044]

00010 ™™ S0 S43000 ™ o)
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- thermoplastic resins to give thermoplastic resin compositions having
excellent processability and superior mechanical strength. The ethylene
polymers (i to iii) and the resin compositions containing the ethylene
polymers (i to iii) may 10 be processed with good processability into
shaped articles having excellent mechanical strength, which are
preferably films, and more preferably laminate films containing the films.

[0046052] The ethylene polymers (iv) may be blended with other 15
thermoplastic resins to give thermoplastic resin compositions having
excadlent proressabilitwanidyaasy Dpeatigur opertias: vEnesthylere by gpc
polymers (iv) and the resin compositions containing the ethylene polymers

shouWl) Mmayohe pracessee witht gaed pracessabiifywatdghapedartidles (peak
having easy opening 20 properties, which are preferably films, and more
top prefetablyhlamisaiedilres containing thie’*fiinns ADVGANTAGEOUS
EFFECTS OF THE INVENTION 21 [0053] The olefin polymerization

[ 0040mtalysts (a) containing the bridged metallocene compound of the

invention can catalyze olefin homopolymerization or copolymerization to

pravdesiony3 srodecidaryveight(alefin haswpolyimers s copelymsisent
having an increased number of terminal double bonds. [0054] According

invdathepresentinventen m&cmmwpmfy‘m@aﬁ benprositiced efficiently by
polymerizing one or more monomers

copolymerizing ethylene and a C4-10 o-olefin in the presence
of the olefin polymerization catalyst (b) and satisfies the
following reguirements fl] to [6] at the same time:

[1] the melt flow rate (MFR) as measured at 180°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/N" (g/P)] is in the range of 2.50 x 107
to 9.00.x 10"* wherein [MT (g)] is the melt tension at 190°C
and [n" (P)] is the shear viscesity at 200°C and an angular
velocity of 1.0 rad/sec;

[4}] per 1000 carbon atoms, the total of methyl branches
A (/1000 ©)] and ethyl branches [B (/1000 C)], [{A + B) (/1000
C)], is not more than 1.8 according to ?C-NMR;

[5] the ze?o—shear viscosity at 200°C [ny, (P)] and the
weight average molecular weight (Mw) measured by
GPC-viscometry {GPC-VISCO) satisfy Equation (Eg-1) below:

[0047]
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10 selected from ethylene and a-olefins wherein at least one of the
monomers is ethylene or propylene, in the presence of the olefin
polymerization catalyst (a) containing the bridged metallocene compound.
[0055] 15 The olefin polymerizationt8atalysts (b) containing the bridged
metallocene compound of the invention can catalyze olefin
homopolymerization or copolymerization to provide ethylene polymers

havingg;((celle shaping processahjlity and a large number of long-chain
B

- Biguantibh can efg
Il ‘i“i & SRy RIS to‘?{‘i‘?—aﬁ’@f@@ﬁeﬂﬁﬂﬁéﬁﬁ"h
I

ie
resin compositions containing the polymers can favorably give shaped

[ooardigles, films or laminate films containing the films 22 which have small
neck-in in the T-die extrusion, small take-up surge and superior

mechanigakstiength aWe%tQ)él@ %1%9#54%{& Jf(,]ig)lag ggéq%ﬁ%%gg@ﬁmf pC

resin compositions containing the polymers show ex

shoadd sandaviably ove.3 sheped allicles, fis ot lampate fims containing

the films which have easy opening properties.

top THE RRAVANGSJ0858)1Q Fig. 1 15 @ GPG chart gf a polymey obtained
~ in Example M-1. Fig. 2 is a GPC chart of a polyimer o%ta:i ed i Example
{0049]

An ethyiene polymer (iv) according to the present
invention is obtained by homopolymerizing ethylene.or
copolymerizing ethylene and a C3-10 a-olefin in the presence
of the olefin polymerization catalyst (b) and satisfies the
following regquirements [1] to [5]1 at the same time:

[1] the ratio [Mz.4/Ms_10] is in the range of 0.30 to 1.00
wherein [M;.; (mol%)] is the content of C3-4 g-olefins and [M;..,
(mol%)] is the content of C3-10 a-olefins according to **C-NMR;

[2] 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;

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

[4] the ratio [MT/n" (g/P)] is in the range of 1.50 x 10°*
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;

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

weight average molecular weight (Mw) measured by



M-4. Fig. 3 is a GPC chart of a polymer obtained in Example 15 M-5. Fig.
4 is a GPC chart of a polymer obtained in Example M-6. Fig. 5is 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-9. RREFERRED EMBODIMENTS FOR
CARRYING OUT THE INVENTION [0058) 23 There will be described in
detail hereinbelow the bridged metallocene compounds of Formula [1], the

GPC -olefft pebinerizativg -catalysts (ahednianingdhe biidged pqetallogenew :
- compounds, the olefin polymerization catalysts (b) 5 containing the
[ oo dwidged metallocene compounds of Formula [1] and the bridged
metallocene compounds of Formula [14], the olefin polymerization
procesfges ussn the olefln polym zatlor}) gratalysts (a) or (b), and the

mopolym(@
O Olg}g%olymerlzmg I%IL hylen’éﬁgfie prepsﬂelvrﬁ:e of the angolymenzatlon

catalysts (b). [0059] In the invention, the term polymerization
[ooxomprehends not only homopolymerization but copolymerization, and the
term 15 polymer comprehends not only homopolymer but copolymer.

The ethylene polymers (i to iii) may be blended with other
thermoplastic resins to give thermoplastic resin compositions
having excellent procéssability and superior mechanical
strength. The ethylene polymers (i1 to iii) and the resin
compositiong containing the ethylene polymers (i to iii) may
be processed with good processability into shaped articles
having excellent mechanical strength, which are preferably
films, and more preferably laminate £ilms containing the films.
o052}

The ethyléne polymers (iv) may be blended with other
thermoplastic resins to give thermoplastic resin compositions
having excellent processability and easy opening pfop@rties.
The ethylene polymers (iv) and the resin compositions
containing the éthykene poiymers (iv) may be processed with
good processability into shaped articles having easy opening

properties, which are preferably f£ilms, and more preferably

laminate films containing the films.

ADVANTAGEQUS EFFECTS OF THE INVENTION
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[0060] Bridged metallocene compounds Bridged metallocene compouncjs
of the invention are represented by Formula [1] below: 20 [0061] 24 R
R3R1 R4 Qly [0062] In Formula [1], M is a Group IV transition m.etal
atom in the periodic table, specificatty titanium, zirconium or 5 hafnium,
and preferably zirconium. [00631 In Formula [1] , R1, R2, R3 and R4 are
selected from a hydrogen atom, hydrocarbon groups, silicon-containing
[00groUPS, heteroatom-containing groups and halogen-containing groups 10
and are the same or different from one another; R1, R2, R3 and R4 are

not ek bydigeraionis,aad-ableastonpe.of the S 'S80 Sl arouR |,

or a group represented by any of Formulae | ow; an

br i BeiehbrdRg substitient gpups.Amoge R1, o (%;’g%)é PSA‘”éggl together, e

to form an aliphatic ring. 1570064] Examples ydrocarbon groups

oleinthidedra gl groups, &:3520 cygloaliylgronis and G20 aralkyl, 5
groups (for example, benzyl group) . gpecmc examples includ® metjhy?Z%
molecular weight olefin homopolymers or copolymers having an
increased number of terminal doubie bonds.

[0054]

According to the present invention, macromonomers can be
produced efficiently by polymerizing‘one Or mMOore monomers
selected from ethylene and a-clefins wherein at least one of
the monomers is ethylene or propylene, in the presence of the
olefin polymerization catalyst (a) containing the bridged
metallécéne compound.

[0055]

The 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
invention can efficiently produce such polymers.

[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
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group, ethyl group, n-propyl group, isopropyl group, allyl group, n-butyl
group, t-butyl group, amyl group, n-pentyl group, n-hexyl group, n-heptyl
group, n-octyl group, n-nonyl group, n-decanyl group, 3-methylpentyl
group, 1,1-diethylpropyl 5 group, 1,2gimethylbutylgroup,
1-methyl-I-propylbutyl group, 1,1-propylbutyl group,
1,1-dimethyl-2-methylpropyl group, 1-methyl-l-isopropyl-2-methylpropyl
whi HOuRveysiepenty graur.nCyelohiexyrg iy, £yeloheptyhgrew Ly ctenedy! up
group, norbornyl group, adamantyl group and benzyl group. 10 [0065]

surdeXamplespé thessilicenicentairingarespg tcludehe ethylene polymers

hydrocarbon-substituted silyl groups such as trimethylsilyl group,

(iv)trigthylsilykgroupraideayimethylsiyhgresnpod i dimetbylpharWsiying the
group. 15 [0066] Examples of the heteroatom-containing groups include

Dol yaleaxy IanpPSs BEEH O GrOYRSRIMEAMIN0 GOUPSIFIIGHaaS MREIBAH DFodRve
ethoxy group, phenoxy group, N-methylamino group, N,N-dimethylamino

shaggFaupantl e nylamie cogralpm 28 486 Ei Examplesta{ife ng the £ilms
halogen-containing groups include halogen atoms and

whi dialegsresebsijuted aiqh gradpssaet ass fluoro group, chloro group,
-bromo group, iodo group, trifluoromethyl group, trifluoroethyl group,
trifluoropropyl 26 group, trifluorobutyl group and trichlorobutyl group.
[0068]

BRIEF DESCRIPTION OF THE DRAWINGS

[0057]

Fig. 1 is a GPC chart of a polymer obtained in Example

M~1

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
M-5 |

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

Fig. 6 is a GPC chart of a polymer obtained in Example
M-9

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION

foos8]
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Neighboring substituent groups among R' to R4 maybe linked together to
form an aliphatic ring. Such substituted 5 cyclopentadienyl groups include
tetrahydroindenyl, 2-methyltetrahydroindenyl,

2,2 ,4-trimethyltetrahydroindenyl, 4-pRenyltetrahydroindenyl,
2-methyl-4-phenyltetrahydroindenyl, and a substituted cyclopentadienyl
group in which R3 and R4 are tetramethylene 10 groups linking together
tof ing: and, R’ ; et hyl roups linking together to

form a ring. [0069] In Formulae [2] to elow, 0

me 008 WarogsR A DYECALAN.groupssiican:containing groups,
an

15 heteroatom-containing groups alogen-containing groups and are

1thgesame, ok diffe e t t.they are .not ary] groups.
Pe SEt;‘[xﬁa\mples of the %%Igé)gg%b%% g@%ﬁp%%ﬂ%%éi |(:1(3)ﬁ -c?)trﬁgingn%légr%ﬁ s, the.

heteratom- ining gr ] logen-contajning groups are as
metdescribe%g;gg\?e. ’gg%%%]ﬂé fr?g étlglrg%gl cred fron ﬁ?\%l%ﬁf alysts (b)

nbheaterqat lary-di t toms are an pxygen atom and a
co oH @”ﬁh@’@ﬂ%@@’d %é%gﬁi%gé%% Fegnr{iﬁg%l}(gs g% )JgéYILHaB'@ry{l]

Sl_JIfur atom. G and L are selt_—:'cted rom triva oatoms.

W e o ot R e B R B G arte
oleXeMplRIYiRlavAlant hetroatam is 3 slicen atem. (00721,
polymerization catalysts (a) or (5}, and the ethylene polymers
(i to iv) obtained by homopolymerizing or copolymerizing
ethylene in the presence of the olefin poiymérization catalysts .
(b).
[0059]

Inthainvention,thetermpolymerizationcomprehendsnot
only homopolymerization but copolymerization, and the term
polymer comprehends not only homopolymer but copolymer.

[0060]

Bridged metallocene compounds

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

[0061]
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R7R9 isd RR1 S[0072] R11 R13 .1 CE- ()C R12 14 .[3 00 [0073]
R15R7R9111-G-C-C-H IR R810....[4 10[0074] 28 R"R15R13 11|
CLlIr14 151 ,

24

oo [ 1]
[co&2]

in ?ormula.[l], M is a Group IV transition metal atom in
the periodic table, specifically titanium, zirconium or
hafnium, and preferably zirconium.

[00e3]

In Formula [1], R', R?, R® and R* are selected from a
hydrogen atom, hydrocarbon groups, silicon-containing groups,
heteroatomdécntaining groups and halogen-containing groups
and are the same or differen; from one another; R*, R?, R’ and
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; and neighboring substituent groups among Rr!
to R* may be linked together to form an aliphatic ring.
[0064]

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 incliude methyl
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[0075] R1I5R7R9111T-C-CHII1R16 R8R1..[61 [0076] R"R 15 R13 11
IC-W-C-HIIIR11 R16 R14 . ...[73 [0077] Examples of the groups
represented by Formula [2] include ethoxy group, n-propoxy group,
n-butoxy group, isobutoxy group, t-BRitoxy group, n-pentyloxy group,
2-neopentyloxy group, 10 n-hexyloxy group, n-heptyloxy group, n-octyloxy
group, n-nonyloxy group, n-decanyloxy group, 3,3,3-trifluoropropoxy
groymupsphknygtootaxy greppcethylsylany grq%ggo%ﬂoawgwanygl 1yl
group, n-butylsulfanyl group, isobutylsulfanyl group, t-butylsulfanyl group,
grompeptylsuliarybgroup, 2:Aeapsrtydsttapy! SRAHD o PARSXYIBUEAYL 90U oy p

n-heptylsulfanyl group, 5 n-octylsulfanyl group, n-nonylsulfanyl group,

n-haxietapyisutfanyl drepi;3, 3 tilporeprepysulfapb OuR ath 1 group,

4-phenylbutylsulfanyl group.
n-decanyl group, 3-methylpentyl group, 1,1-diethylpropyl

group,1,1~dimethylbuty1group,1—methy1~1~propylbutylgroup,
1,1~propylbutyl group, 1,1—dimethy1—2wmethylpropy1 group,
l-methyl-l-isopropyl-2-methylpropyl group, cyclopentyl group,
cyclohexyl group, cycloheptyl group, cyclooctyl group,
norbornyl group, adamantyl group and benzyl group.

[0065]

Examples of the silicon-containing groups include
hy&rocarbon—substituted silyl groups suéh as trimethylsiiyl
group, triethylsilyl group, diphenylmethylsilyl group and
dimethylphenylsilyl group.

[0066)

Examples of the hetercatom-containing groups include
alkoxy groups, aryloxy groups and amino groups such as methoxy
group, ethoxy group, phénoxy group, N-methylamino group,
N,N-dimethylamino group and N-phenylamino group.

[0067]

Examples of the halogen-containing groups include
halogen atoms and halogen-substituted alkyl groups such ag
fluoro group, chloro group, bromo group, iodo group,

trifluoromethyl group, trifluoroethyl group, trifluoropropyl
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[0078] Examples of the groups represented by Formula [3] include 10
methoxymethyl group, ethoxymethyl group, n-propoxymethyl group,
n-butoxymethyl group, isobutoxymethyl group, t-butoxymethyl group,
n-pentyloxymethyl group, 2-neopertyloxymethyl group, n-hexyloxymethyl
group, n-heptyloxymethyl group, n-octyloxymethyl group, 15
n-nonyloxymethyl group, n-decanyloxymethyl group,

groupd I HflHorppropReAmethyl ArgUR A PhenvbutexyBetiyl giouRp .
methylsulfanylmethyl group, ethylsulfanylmethyl group,

[ oo gEputylsulfanylmethyl group, isobutylsulfanylmethyl group,
t-butylsulfanylmethyl group, n-pentylsulfanylmethyl group, 20

2- Bdauifegdmetvd glRup: RrhexysuliaByimetyh §foMBy be 1inked
n-heptylsulfanylmethyl group, n-octylsulfanylmethyl group,

rogd¥hanylsulfanyimethy! groupn Brdecapylsgifandiiethd otRc ut ed
3,3,3-trifluoropropylsulfanylmethyl group and 4-phenylbutylsulfanylmethyl

cyc1¥PHR-3% {2073] Examplas ohthearoups ferresentsd hydrarmula [4]
include N-ethyl-N-methylamino group, N-(n-propyl)-N-methylamino

2 -meRYR (Eetdethy phesphinomeiny gfeURadc hyltetrahydroindenyl,
N-(n-butyl)-N-methylamino group, N-(isobutyl)-N-methylamino group,

4 - pHAB DN metdaming,group, N-(n-pentyl)-N-methylamino group,
N-(2-neopentyl)-N-methylamino group, N-(n-hexyl)-N-methylamino group,

2 -ma¥Hheptybriryethylamingdroindenyl, and a substituted

cyclopentadienyl group in which R® and R! are tetramethylene

groups linking‘ together to form a ring and R' and R? are

tetramethylene groups linking together to form a ring.

[0069]

In Formulae [2] to [7] below, R’ to 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 an-other, 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.
{0070]

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

Exemplary trivalent hetercatoms are -a nitrogen atom and a



10 group, N-(n-octyl)-N-methylamino group, N-(n-nonyl)-N-methylamino
group, N-(n-decanyl)-N-methylamino group,
N-(3,3,3-trifluoropropyl)-N-methylamino group,
N-(4-phenylbutyl)-N-methylamino gegup, 15 (ethyl)(methyl)phosphino
group, diethylphosphino group, (n-propyl)(methyl)phosphino group,
(n-butyl)(methyl)phosphino group, (n-propyl)(methyl)phosphino group,

phogbgg (g'ng@g pho§pg|1q8 ghrloup 20 giObcLij émh%)%#phos%hmod%%up

(t-butyl)(methyl)phosphino group, n pen y) met
yl thyl h s h|no roup, ,(n hex eth osphlno

heté%o%%e%%g(ngﬁtgl) ﬁphogﬂﬂlno group,g(‘rzﬁg Gty ( ‘?ﬁ)’ﬁ?p%lsﬁﬁlﬁo
het JIQUP. {p- quWQ( g@ygghos hino group, (n-decanyl)(methyl)phosphino

group, 5 (3,3,3- tr| uoropropy mg’thyl)phosphmo group and
EOO%phenyIbutyl)(methyl)phosphlno group. [0080] Examples of the groups

represented by Formula [5] include N,N-dimethylaminomethyl group,

N-ethyl-N- metl}ylaml ethyl 10 group,

N-(n-propy)f‘meth inomethyl group, (ethyl)(methyl)phosphinomethyl

group,
D C C H s e = [2}
R8 R‘IO
] | |
[00672]
T’!‘l Ff??:
C—E (l3 H
R12 R™ e [3]
[0073]
T15 T? F!Qg
G ? lC H
RS R1O s e v e [4}

10 [0074]



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-(2-neopentyl)-N-methylaminomethyl group,
N-(n-hexyl)-N-methylaminomethy! group,
N-(n-heptyl)-N-methylaminomethyl group,

N-( St 1)- rh&th iaomethyl group, 20

N-(n-nonyl)-N-methylaminomethyl group,

N ( decany)-N-met ylaminomethyl group,
2-trifluqropropyl)-IN- ylaminomethyl group,
henyl tyl)-N=nethylaminomethyl group,

(eth l)(methyl)phosphinomethyl group, 32 diethylphosphinomethyl group,

n-ﬁ@yﬂ)(methyl)p fplgnomethyl group,
yl)(methyl)phdSghinomethyl group, + » [ 5 ]

(n-propyl)(methyl)phosphinomethyl group, 5

[004 -butyl)(methyl)phosphinomethyl group,

(|sobutyl)(methyl)phosphlnomethyl group,

(t-butyl)(methyl)phosphigomethyl group,

(n-pehtyB(mBYI)ph inomethyl group,

(2-ngopentyl){methyl)phosphinomethyl group, 10

- (n- héxyl)(metfwyl)pho hlnomethyl group,

w{nzh hyl group,
(n-o yI)(me lphosphinomethyl group,
(n-ndnyl)(methyl)phosphinomethyl group,

R’iﬁ RS R’EO 6]
[0076]

Rﬂ R’ES R13

.

C—W—C—H

|
R R RM™ e [77

{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,

10 n-hexyloxy group, n-heptyioxy group, n-ociyloxy group,
n-nonyloxy group, n-decanyloxy group, 3,3, 3-trifluoropropoxy

group, 4-phenylbutoxy grbup, ethylsulfanyl 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] mclude 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

B, A e
1o ST g, 5 e S e

- ARYLIEINGY APlE, AR oo,
S goun. = S rgR et o
L oo
S RARSEULY aro, & hehyb o ChgRR AR
or MLV AR By o, 1
[0078]

- Examples of the groups represented by Formula [3] include
methoﬁymethyl group, ethoxymethyl group, n-propoxymethyl
group, n-butoxymethyl group, isobutoxymethyl group,
t-butoxymethyl group, n—pentyloxymethyz.éroup,
2-neopentyloxymethyl group, n—hexyloxymethYl group,
n-heptyloxymethyl group, n-octyloxymethyl group,
n-nonyloxymethyl group, n-decanyloxymethyl group,
3,3,3-trifluoropropoxymethyl group, 4-phenylbutoxymethyl
group,nmthylsulfanylmethylgroup,ethylsulfanylmethylgroup,
n—butylsulfanylmethyl.grcup, isobutylsulfanylmethyl group,
t-butylsulfanylmethyl group, n-pentylsulfanylmethyl group,
2—neopentylsuifanylmethyl group, n~hexylsu1fanylmethyl
group, n-heptylsulfanylmethyl group, n-octylsulfanylmethyl
group, n-nonylsulfanylmethyl group, n-decanylsulfanylmethyl
group, 3,3,3-trifluoropropylsulfanylmethyl group and

4-phenylbutylsulfanylmethyl group.
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group, n-pentyldimethylsilylethyl group, 2-neopentyldimethylsilylethyl
group, n-hexyldimethylsilylethyl group, n-heptyldimethylsilylethyl group,
n-octyldimethylsilylethyl group, 20 n-nonyldimethylsilylethyl group,
n-decanyldimethylsilylethyl group, 3¢,3-trifluoropropyldimethylsilylethyl
group and 4-phenylbutyldimethylsilylethyl group. [0083] 34 In a preferred
embodiment, R1 to R4 are selected from a hydrogen atom, hydrocarbon
[0 E9uPS and halogen-containing groups, and at least one of R1to R4 is a
hydrocarbon group. In a more preferred embodiment, R1 to R4 are each

:r%%%‘ﬁ?i‘e%%@%8&%@&&%9%&%@8&19&0&% %8S O Rreferedae

ent, three subStituent groups of R1 to R4 are hydrogen "atoms

N-e \f’;}%&tbﬁ %@%rﬂg« Pabrli 13 h%ﬁf&&ﬁr,b%—g(ﬁ U%x'tg;% pprtieulariybrelereed,

odiment, three substituent groups of 4 are hydrogén atoms

gm%p,d t?S%gflf)%@ﬁ%ﬁ%%Mm@a&q{%p-g@%l In Formula (1), Q1

IS a diva group linkingthe two ligands and is selected from C1-20

N- (1{13’19{&?15’9% OFQUARSUGR-A%, allylane greuRs sritied glkyleng orauns,o
and alkylidene 15 groups; halogen-containing groups; silicon-containing

grodiOURS: (@eAHM-seining YRS, apdtifcontaining groups. [0085]

N- (n-pentyl)-N-methylamino group,

N- (2-neopentyl)-N-methylamino group,

N- (n-hexyl) -N-methylamine group, N-{(n-heptyl)-N-methylamino

group, N-(n-octyl)-N-methylamino group,

N- {(n-nonyl) -N-methylaminoc group,

N- (n-decanyl) -N-methylaminc group,

'N~(3,3,3—triflu0ropropy1)—N—methylamino group,

N~(4~pheny1bﬁtyl)~N~methylémino group,

(ethyl) (methyl)phosphino group, diethylphosphino group,
(nupropyl)(methyl)phosphino group,

(n-butyl) (methyl)phosphino group,
{nwpropyl)(methyl)phosphino group,

(n-butyl) {(methyl)phosphino group,

(isobutyl) (methyl)phosphino group,

(£-butyl) {(methyl)phosphino group,

(n-pentyl) (methyl)phosphine group,
(2-neopentyl) (methyl) phosphino group,

(n-hexyl) (methyl)phosphino group,



Examples of the alkylene groups, substituted alkylene groups and
alkylidene groups each having 1 to 20 carbon atoms 20 include alkylene
groups such as methylene, ethylene, propylene and butylene; substituted
alkylene groups such as isopropylidgpe, diethylmethylene,
dipropylmethylene, diisopropylmethylene, dibutylmethylene,
methylethylmethylene methylbutylmethylene, 35

eueth I@gtq Iene dlhe Imeth%glene, dicyclohexylmethylene,
e?hy Pe%% &th§ipReRyImethylene, diphenylmethylene,

_ditol lene th hthylmet lene, dinaphthylmethylene, 5
& %"%ﬁb éﬂ%g ﬁn% % ﬁﬁ‘l?etl%ﬁé’ and 1-ethyl-2-methylethylene;
en suc as cyclo ylidene, cyclobutylidene,
cy%fgg de-'k?‘n%%cpyc OHexX Fd)en%rgyéf oheptylidene,

clo norbqrnylidene, adamantylidene,
tél%y%?ij L e%ﬁa bnt%h%%‘%anyhdene and alkylidene
graups su S eth I|de pro ene and hutylidene. [0086] Examples
f% rajlclipg?en cor:'?t¥ r‘? Xr(j:]f u SYFR IS odESHhdRitfto the
Qve i\g(%{lcenf bs tute 15 alkylene groups and alkylidene
grou o1 Sncoh con P Bre %&%e%ﬁﬁﬁ?at least one hydrogen

(0o BM is substituted Wlth an appropriate halogen atom. Specific examples
Include bis(trifluoromethyl)methylene,

4,4 4-trifluorobutylmethylmethylene,
xamgges S¥TEE é st represented by Formula [5] include

N,N—dimethylaminomethyl'group, N-ethyl-N-methylaminomethyl
group, N—(nwpropyl)*Nwmétﬁyléminomethyl group,
{ethyl) (methyl)phosphincmethyl group,

- (n-butyl) -N-methylaminomethyl grbup,
N- (isobutyl) -N-methylaminomethyl group,
N- (t-butyl)-N-methylaminomethyl group,
N- (n-pentyl) -N-methylaminomethyl group,
N~(2—neopenty1)—N—methylaminomethyl group,
N- (n-hexyl) -N-methylaminomethyl group,
N- (n-heptyl) -N-methylaminomethyl group,
N-(n-octyl) -N-methylaminomethyl group,
N- (n-nonyl) -N-methylaminomethyl group,
N- (n-decanyl) -N-methylaminomethyl group,
N—(3,3,3utrifluoropropy1)~Nwmethy1aminomethyl'group,
N—(4~phepy1butyl)—K—methylaminomethyl éroup,

(ethyl)(methyl)phosphinoﬁethyl group,
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20 bis(trifluoromethyl)silylene and 4,4,4-trifluorobutylmethylsilylene.
[0087] Examples of the silicon-containing groups include silylene,
methylsilylene, dimethylsilylene, 36 diisopropylsilylene, dibutylsilylene,
methylbutylsilylene, methyl-t-butylsdglene, dicyclohexylsilylene,
methylcyclohexylsilylene, methylphenylsilylene, diphenylsilylene,
ditolylsilylene, methylnaphthylsilylene, 5 dinaphthylsilylene,

e e S Spenamethylenesiylene,
(nw%(%%g‘?%amgwg{qggﬁ Igggﬁqgm@gﬂ%e%%gwylenesiIerne. Examples

germaniu tin-ontaining groups include groups corresponding

(n;%%élgéigﬁggﬁ%nflgg%-ggg@%g@ﬁ ps,gxgept that the silicon is

y ge ium or tin. [0088] Alternatively, Q1 may have a
(n-ﬁ%'ﬁ‘f{%

SABUTS (RIESGURGRC SRIRURIE9AI4Palgy; 15100891 R Y RS >

{n-butyl) (methyl)phosphinomethyl group,
(isobutyl) (methyl)phosphinomethyl group,
(t~butyl) (methyl)phosphinomethyl group,
(n-pentyl) (methyl)phosphinomethyl group,
(2-nebﬁéﬁ£§l)tmethyl}phosphinomethyl group,
{(n-hexyl) (methyl)phosphinomethyl group,
(n-heptyl) {(methyl) phesphinomethyl group,
(nwoctyl)fmethyl)phosphinomethyl group,
(n-nonyl) (methyl)phosphinomethyl group,
(n-decanyl) (methyl}phosphinomethyl group,
{(3,3,3-trifluoropropyl) (methyl}phosphinomethyl group and
(4-phenyibutyl) (methyl)phosphinomethyl group.
[0081]

Examples of the groups represented by Formula [6] include
n-propyl group, n-butyl group, isobutyl group, t-butyl group,
n-pentyl group, 2-neopentyl group, n-hexyl group, n-heptyl
group, n-octyl group, n-nonyl group, n-decanyl group,
4,4,4-trifluorobutyl group, 4-phenylibutyl group,
ethyldimethylsilyl group, n-propyldimethylsilyl group,

n-butyldimethylsilyl group, iscbutyldimethylsilyl group,
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[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 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'indicates a C2-20 divalent
hydrocarbon group which may have an unsaturated bond; A may have
two or.more ring 10 structures inclusive of the ring formed by A and Y; and

iy LRSI 16)) Wi SE e BRI Pribsitadd Sroup,
cyclopentadienyl group and_the cyclopentadienyl group. [0092] In

2R G SLARE IS5 10 e BitiPa AR RO TS S SO aBRE
and is particularly preferably a silicon atom. [0093] Examples of the

n DR GONB e STCORCORARMIY JrOMpECREL 21171 group,
heterogtom-containing groups 20 and the han%en-containing groups -

2 DORHCAET By RE Sid ke A8 RorMa R BRIt hil Giblgs agroup .
resented by R1, R2,  R3 and R4. Of the hydrocarbon groups, methyl

re ;

o BQPEYJD"T ST RYIRT Ot Sth{grBag Yri-pFaPBr i isopropyl group,
n-butyl group, isobutyl group, t-butyl group, n-pentyl 5 group, cyclopentyl

4-py &?é%%&ﬁ&ﬂ@?éﬁ@%@%%eﬁﬁﬁ@ﬁmp phenyl group, m-tolyl group
and p-tolyl group are preferable, and methyl group, chloromethyl group, -

[00f2 utyl group, n-pentyl

Examples of the groups represented by Formula [7] include
n-propyl group, nmbutYl group, isobutyl group, t-butyl group,
n-pentyl group, 2-neopentyl group, n-hexyl group, n-heptyl

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,
iscbutyldimethylsilylethyl group, t-butyldimethylsilylethyl
groﬁp} n-pentyldimethylsilylethyl group,
2-neopentyldimethylsilylethyl group,
n-hexyldimethylsilylethyl group, n-heptyldimethylsilylethyl
group, n-octyldimethylsilylethyl group,
n-nonyldimethylsilylethyl group,
n-decanyldimethylsilylethyl group,
3,3,3-trifluoropropyldimethylsilylethyl group and
4-phenylbutyldimethylsilylethyl group.

[o083]
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group and phenyl group are particularly preferred. (0094] 10 In Formula
[9], Ais a C2-20 divalent hydrocarbon group which may have an
unsaturated bond, and Y and A together form a ring such as
1-silacyclopentylidene group. In thesgpecification, the
1-silacyclopentylidene group is represented by Formula [10] below: 15
[0095] O1.[I011 [0096] In Formula [10], the black dots () are as

desglibed po Fanmulg [21205the.GIOUPA Ay have wo,an MOIE NG rom 5
structures inclusive of the ring formed by A and Y. 39 [0097] Preferred

nya258uRs indicateq, by Ql-include aliodene orqupsy sybstitied alkylens » o

groups, alkylidené groups, halogen-containing alkylene groups,

gro%Q%@@eiq%ééuea@tu@ aikylene;graups, halogencoptaining,y o up .

idene groups, silicon-containing groups and halogen-containing

In ef'ilﬁ?QPéCM@MQUQMSﬁ@MPQ kio @8 Cl@‘rbggét%rgé’h V‘chhydrogen

silicon-containing groups and halogen-containing silicon-containing

ato'81PS Reing paficalatly preferable, 10 [0098] In Eogmlaid)e oreterred

independently at €ach occurrence is an

embodiment, three substituent groups of R* to R* are hydrogen
atoms ana the other is a Cl-15 hydrocarbon group. In a
particularly preferred embodiment, three substituent groups
of R* to R are hydrogen atoms and the other is a C3-15
hydrocarbon group.

[0084]

In Formula (1), Q' 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; halogen-containing groups; silicon-containing groups;
germanium-containing groups; and tin-containing groups.
{oo8s]

Examples of the alkylene groups, substituted alkylene
groups and alkylidene groups each having 1 to 20 carbon atoms
ineclude alkylene groups such as methylene, ethylene, propylene
and butylene; substituted alkylene groups such as
iscopropylidene, diethylmethylene, dipropylmethylene,
diisopropylmethylene, dibutylmethylene,

methylethylmethylene, methylbutylmethylene,
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atom or a group selected from a hydrogen 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 different from each othgg. [0099] Examples of the halogens
include fluorine, chlorine, bromine and iodine. Specific examples of the
hydrocarbon groups are as described hereinabove. 20 [0100] Specific
xamples of the anionic ligands include alkoxy groups and aryloxy groups
met O ESTHBHORDE thth 2 8nd Phessxy:mearhi@ate, groups such as
a4 acetate and benzoate; and sulfonate groups such as mesylate and
1CHRyREE %R0 Reificisienpiey of tearsutmd igaridseapable of

rdination through lone-pair electrons include organophosphorus

0
met%g' BERYS CeLTHL eitRettdigHeaplities Shidtapiphodshindy lmethy lene
riphenylphosphine and diphenylmethylphosphine; and ethers such as

met-%é?ﬁéﬁ%%ﬂﬁﬂ%@%ﬁ&ﬁer,%mm![a@tdimleﬂxn@wethane.
Preferably, atleast one X is a halogen atom or an alkyl group. [0102] 10
1 -Gt S et Etnodiment igteddst baehsf Ferr2 aRd and R4 in Formula
is selected from the ethyl group, the groups represented by Formula
l*%%?nﬂ%h@%%@(&?%}’éﬁ?ﬁéd By Feormbly TEnm anwrepreferiedas

fmbodiment one of R, R2, R3 and R4
cyclopropylidene, cyclobutylidene, cyclopentylidene,

c?clohexylidene, cycloheptylidene, bicyclo[3.3.1]lnonylidene,
norbornylidene, adamantylidéne, tetrahydronaphthylidene and
dihydroindanylidene; and alkylidene groups such as’ ethyl idene,

propylidene and butylidene.

[0086]

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 that at least one hydrogen atom is substituted
with an appropriate halogen atom. Specific examples include
bis(trifluoromethyl)methylene,
4,4,4-trifluorobutylmethylmethylene,
bis(trifluoromethyl)silflene and
4,4, 4-trifluorobutylmethylsilylene.

[0087]
Examples of the silicon-containing groups include

silylene, methylsilylene, dimethylsilylene,
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i5

is selected from the ethyl group, the groups of Formula [6] 15 and the
groups of Formula [7], and more preferably R2 or R3 is selected from the
ethyl group, the groups represented by Formula [6] and the groups
represented by Formula [7]. In a pagicularly preferred embodiment, R3 is
selected from the ethyl group, the groups of Formula [61 and the groups
of Formula 20 [7], and R', R2 and R4 are all hydrogen atoms. [0103]
. . .Specific the transit p
i o o LT e oA boon ToLATAT B e

meth?f%ﬂlgﬁ%%%il%i% aARDELiG llogera eqrmpounds having an

ylene g ging group, such " as

methgg%'gﬁgéﬁgggfg?@%&%%@ﬂgxggeﬂm@wiezrir&Pr"um

lene(cyclopentadienyl)

dipé§ﬁ%§gwnggwgvuﬁm%gd ngm¥5@ﬁgmomg%hylnaphthylsilylene,

ene(cyclopentadienyl){2-ethylcyclopentadienyl) zirconium dichloride,

a1 GNRYS(ErSOpEHECiont, Cheliyioipssaiembgiiconium dicoride

yclopentadienyl)(2-n-propylcyclopentadienyl) 10 zirconium

di I | (. tadj ) ' :
cyc%agg%%%%gzﬁgﬁg%f¥998ﬁ@, 5¥Hiotetramethylenes1lylene,

opentadiényl)zirconium dichloride,

cycgﬁgﬁ8@?&¥E@9§@§9§§&D§%ﬁé¥oE%EXQH@%&@@@H¥&éﬁ@@ﬂ&&ﬂene and

oride, ethylene(cyclopentadieny

cycl(éap-g'&tg yelopentadienyDziccaniumdichloride. 4% the germanium- or
et ﬁ ne(cyclopentadienyl)(3-n-pentylcyclopentadienyl)
tin-containing groups include groups corresponding to the
above silicon-containing groups except that the silicon is
replaced by germanium or tin.
[ooss]

Alternatively, Q' may have a structure represented by

Formula [8] or [9] below:

[0089]
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zirconium dichloride, ethylene(cyclopentadienyl)
(3-n-hexylcyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadienyl)(3-n-octylcyclopentadienyl) zirconium
dichloride, ethylene(cyclopentadien)é> 20
(3-n-decylcyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadienyl)(2,3- d|methylcyclopentadlenyl) zirconium
dichloride, ethylene(cyclopentadienyl)
(2,4-dimethylgiclopentadienyl)zirconium dichloride,
ethylene(cycjopentadienyl)(2,5-dimethylcyclopentadienyl) 42 zirconium
/dﬁﬁaﬁdq hylene(cyclopentadienyl)
A (3,4-dimetljylcyclopentadienyl)zirconium dichloride,
~_ethylene(cyclopentadienyl) (3,4-di-n-propylcyclopentadienyl)zirconium
i ide, 5 ethylene(cyclopentadienyl)(3,4-di-n-butylcyclopentadienyl)
zirconium dighloride, ethylene(cyclopentadienyl)
(2,3-ethylm

Icyclopentadleng/l)%?omum dichloride,
ethylene(cyclopentadienyl) (2,4 methylcyclopentadienyl)zirconium

[OOdIC loride, 10 ethylene(cyclopentadienyl)
?21 ethylmethylcyclopentadienyl)zirconium dichloride,
eth lene(cyclopentadienyl)
i/g’ﬁ ﬁkﬁf?ffﬁy%?a@b‘éﬁﬁdléﬁw&m@hmeihfmm a carbon atom,
hylene(c clopentadienyl) 15 -
a Sj(éjrﬁ:éfﬂy- RASPhufyI SRIG SR M AYIPZr cordura didostem; R and RS are

eth Ien cyclopentadienyl) (2,3,4-trimethylcyclopentadienyl)zirconium
sel %ﬁ rom a hydrogen atom, hydrocarbon groups,

silicon-containing groups, hetercatom-containing groups and
halogen-containing groups and are the same or different from
eachother;Aindicatesacmmzodivalenthydroéarbongroupwhich
may have an unsaturatéd bond; A may have ﬁwo or‘more ring
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 cyclopentadienyl group.
[0092]

In Formulae [8] and I9], Y is preférably a cérbon atom
or a siiicon atom, and is particularly preferably a silicon

atom.
[0093]

Examples of the hydrocarbon groups, the
silicon-containing groups, the heterocatom-containing groups

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



ethylene(cyclopentadienyl) (2,3,5-trimethylcyclopentadienyl)zirconium
dichloride, 20 ethylene(cyclopentadienyl)

(2,5-dimethyl-3-n-propylcyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadienyl)

(2,5-dimethyl-3-n- butylcyclopentad|enyl)2|rcon|um dichloride,
ethylene(cyclopentad|enyl) 43 (tetramethylcyclopentadienyl)zirconium

en ccho ntadlenl 7
For“t rt%jth il én pro“r{))y cycl g“a%?enyf)zf?ggrﬁﬁrsne% ch ond‘é and K
R? 2 ethy ne(

meté%l :E g‘ nyéggl%yaopent%ﬁ r@ﬁilrc%%tl:l}l dlghrlorlgé bridged

Chlorg{ tPrélg|met;|clr%Cpensi ((;PH, %li'r:ncﬂfph,avﬂn a subftlgu%%% paI}kyI};ﬁeSng rou g)/:l.

oo PSS o et ey ENR

5 grO%dL"r‘étby A et %":y%y"égf?&rﬁadcaayboaﬁ%@ Hngrou.
e e e g AR G G S L §Toup are preferable,

o R, e

2-Nn- bléty CI{; ntadle I)Z|rcon|um dichl
e

rid
gre gOIOFOIOVI en CyCﬁJpe a enyl)p Stie %Y preferred.

{0094]

10 In .Formula [8], A is a C2-20 diva.lent hydrocarbon group
which may have an unsaturated bond, and Y and A togethér form
a ring such as l-silacyclopentylidene group. In the
‘gpecification, the l-silacyclopentylidene group is

represented by Formula [10] below:

/Q

I

\0 v+ -[10]

15 [0095]

[0096]

ITn Formula [10], the black dots (#) are as described in

Formula [2].

20 The group A may have two or more ring structures inclugive

of the ring formed by A and Y.
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20 (3-n-propylcyclopentadienyl)zirconium dichloride, _ _ _
isopropylidene(cyclopentadienyl) (3-n-butylcyclopentadienyl)zirconium
dichloride, isopropylidene(cyclopentadienyl)
(3-n-pentylcyclopentadienyl)zirconiugp dichloride, 44 _ _ _
isopropylidene(cyclopentadienyl) (3-n-hexylcyclopentadienyl)zirconium
dichloride, isopropylidene(cyclopentadienyl) -
(3-n-octylcyclopentadienyl)zirconium dichloride, 5 . .

{Ooi(gg ropylidene(cyclopentadienyl) (3-n-decylcyclopentadienyl)zirconium
dichloride, isopropylidene(cyclopentadienyl)
(2, 35dimetRiGtiBpeHRsieRfARbRGRdRNIGAEd ude alkylene groups,
isopropylidene(cyclopentadienyl) 10 . _

SUb@?E-Eﬁg&ﬂyﬁ:é%%b‘é%%Wﬁco dithididetige, sroups, o
isopropylidene(cyclopentadienyl) (2,5-dimethylcyclopentadienyll)2|rlcon|um

hal&%ﬁ%ﬁ%8P%ﬁﬁﬁ&ﬁﬁk%%%&%%&%eﬁﬁﬁﬂﬁ@b halogen-containing
3,4-dimethylcyclopentadienyl)zirconium dichloride, 15 ' _

Sub%%&%%@ﬁ&e %yé?saénﬁa@ﬁyﬁf halogen-containing alkylidene
3,4-di-n-propylcyclopentadienyl)zirconium dichloride, o

groj Enxﬁﬁ&éﬁagyagﬁgﬁﬁﬂ%ygbgroups and haloggn—contalnlng

. ., (3,4-di-n-butylcyclopentadienyl)zirconium dichloride,
511 ASBRopy RS Ry BEpERaRAYEZPN having 1 to 20 carbon atoms,
2,3-ethylmethylcyclopentadienyl)zirconium dichloride,

wit oﬁhﬁﬁﬁB@ﬁ&@?EﬁbBﬁﬁﬁkﬁ@ﬁuPS and halogen-containing

silicon-containing groups being particularly preferabie.
[0098]

In Formula (1), X independently at each occurrence is an
atom Oor a group selected from a hydrogen atom, halogen atoms,
hydrocérbon groups, anicnic ligands and neutral ligan&s
capable of coordination through ione-pair electrons, and the
plurality of X may be the same or different from each other.
[0099]

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

Specific examples of the anionic ligands include alkoxy
groupsandaryloxygroupssuchasnethoxy,t—butoxyandphenoxy;
carboxylate groups such as acetate and benzoate; and sulfonate

groups such as mesylate and tosylate.
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(2,4-ethylmethylcyclopentadienyl)zirconium dichloride,
isopropylidene(cyclopentadienyl)
(2,5-ethylmethylcyclopentadienyl)zirconium dichloride, 45
isopropylidene(cyclopentadienyl)
(3-methyl-4-n-propylcyclopentadienyl)zirconium dichloride,
isopropylidene(cyclopentadienyl) _
[01 0(§-methyl-4-n-butylcyclopentadienyl)zirconium dichloride, . 5
isopropylidene(cyclopentadienyl)

(2’%}g’étéi??%@yl%%%%é%ﬁdiggy%ﬂrgoﬂmggf'%@&ands capable of

isopropylidene( ntadieny
trimet ntadi . . . de,
coo%&%}%é%?(ﬁene%%%\%%ﬁen%%?l l)é%gogﬂ@c@%ﬁg 8nclude

ik o piccomin dichlotide.
orgaisé%ar%%% %gygﬁ%%%giig%%%ﬁnw@99{9&1@@@%@%1%,

m»j.é@%%egdgﬁgﬂéwn@9&;&%@%@9@8&%@9@ugaaﬂichloride,

ISO cyclopentadienyl) {tetramethyicyclopentadienyl)zirconium

| ciipk%%l}g%%%ﬁ]}?}?i%%%%Q%%;e(3}‘&10@%@1@‘9? ryxl:)c_:h ag tetrahydrofuran,

imet propylcyclopentadienyl)zirconium dichloride and

' aie«é(%"igOBXE%QE‘?(&%%?{QaQE@YD', 2-dimethoxyethane. Preferably,

dimethyl-3,4-di-n-butylcyclopentadienyl)zirconium dichloride; and 20

ac PLgged gaumnaldc efgliogeng comppuslsdpving g Siteadgonianing
group as the bridging group,such as dimethylsilylene(cyclopentadienyl)
I 01‘(g]methylcyclopentadienyl)zirconium dichloride, :

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, Rz,r R? and Rr*
is selected from the ethyl group, the groups of Formula [6]
and the groups of Formula [7], and more preferably R? or.R3 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 of Formula
[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]
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dimethylsilylene(cyclopentadienyl) 46
(3-methylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) (2-ethylcyclopentadienyl)zirconium
dichloride, dimethylsilylene(cyclopeptadienyl) 5
(3-ethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) (2-n-propylcyclopentadienyl)zirconium
dichloride, .dimethylsilylene(cyclopentadjenyl) _
RO A S TR T E o BIHAAH sfpymmetric metallocene
dimethylsil Ieni%:yclo tadienyl) (3-n-propylcyclopentadienyl)zirconium
Comﬁﬁ:ﬁ%%%é?gﬁhn h%il%ﬁe?r{w ?&/%%&%?ggf’e% |)t1¥e bridging’group, such

-n-butylcyclopentadienyl)zircon ichloride )
as :Ttrr{;} ?ﬁﬁéﬁ% ec&gagagétaaleerﬁyﬁ% ~methyicyclopentad1enyl)

. _(3-n-pentylcyclopentadienyl)zirconium dichloride, ,
2 ré%}e:’tﬁ%a y é%lg C%%Sé nt%a%|é¥1§ﬁn@£ﬁ%%ﬁzﬁgﬁ%ﬁéarﬁgaﬁwl)zirconium
_dichloride, dimethylsilylene(cyclopentadjenyl) ., .
3 %%h cljtqﬁgfc gﬁ)een%%&éﬁﬁ? .%%ﬁfﬁ%%a%&hwﬁdﬁ%lorld&
dimethylsilylene(cyclopentadienyl) (3-n-decylcyclopentadienyl)zirconium
e R KD ey Clobenabid )L oent a0 ety )
. -dimethylcyclopentadienyl)zirconiym dichloride, _,
- PR M L SN e
{3—ethylcyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadienyl)(2*n~propylcy¢lopentadieny1)

zirconium dichloride, ethylene(cyclopentadienyl)

(2-n-butylcyclopentadienyl) zirconium dichloride,

'ethylene(cyclopentadienyl)(3~nnpropylcyclopentadienyl)

zirconium dichloride, ethylene(cyclopentadienyz)
(3-n-butylcyclopentadienyl) zirconium dichloride,
ethylene(cyclopentadienyl)(3wnupentylcyclopentadienyl)
zirconium dichloride, ethylene (cyclopentadienyl)
(3-n-hexylcyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadienyl)(3-n—octylcyclopentadienyl)
zirconium dichlbride, ethylene (cyclopentadienyl)
(3-n-decylcyclopentadienyl)zirconium dichloride,
ethylene(cyclopentadienyl){2,3—dimethylcyclopentadienyl)
zircénium dichloride, ethylene (cyclopentadienyl)
(2,4-dimethylcyclopentadienyl) zirconium dichloride,

ethyléne(cyclopentadienyl)(2,5~dimethylcyclopentadienyl)



(2,4-dimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl)
(2,5-dimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) 54
(3,4-dimethylcyclopentadienyl)zirconr%m dichloride,
dimethylsilylene(cyclopentadienyl)
. (3,4-di-n-propylcyclopentadienyl)zirconium dichloride,

er%ﬂ%éﬁ@kﬁ%@%éﬁﬁ% en&ﬁﬁ&%ﬁpe(cyclopentadlenyl)
(3,4-di-n-butylcyclopentadienyl)zirconium dichloride, 10 = :

(3f%m%éW@Eﬁ%ﬁﬁX&%@Eﬁ%ﬁﬁﬁ&%ﬂﬁ})ZlfCDnlum dichloride,
(2,3-ethylmethylcyclopentadienyl)zirconium dichloride,

et hh Bt RIGEARES ERbLRE Ny 1) |
(2,4-ethylmethylcyclopentadienyl)zirconjum dichloride,

(3’%ﬁ%éﬂ@ﬁﬁ?@ﬂg&ﬁ¥ﬁi%ﬂﬁﬂﬁ Fﬂgl)erconium dichloride,
(2,5-ethylmethylcyclopentadienyl)zirconium dichloride, )

eth%ﬁ%%ﬁ&ﬁﬁ§%ﬂ@ﬁﬁ%ﬁﬁ%ﬁﬁ%ﬁén y4~dl~n—buty1cyclopentadlenyl)

) (3-rnethyl-4-n-propylcyclopentadienyl?zirconium dichloride,

21r%ﬁ%éﬁ&kﬁ}@%&&ﬁ%ﬁ%enEﬁﬁﬁ%ﬁPe cyclopentadlepyl)

(3-methyl-4-n-butylcyclopentadienyl)zirconjum dichloride, 20 ,

(2,%ﬂmgﬁxim§ﬁﬂg&S¥E%@BERE§%&Fnyi)21rcon1um dichloride,
ﬁ,3,4-trimeth%lcyclopentadieréyl)zirconium dichloride,

et ayihBthy SGeRB iy LrpeRtadtdny )
(2,3,5-trimethylcyclopentadienyl)zirconium dichloride, )

(Z,Qﬂﬁgﬁ%&mﬁﬁﬁg Xﬁiﬁﬂﬁﬂﬁ ﬁﬁgi)erconlum dichloride,
2,5-dimethyl-3-n-propylcyclopentadienyl)zirconium dichloride,

g B BN ERDL R Eanyl)

{2,Sfethylmethylcyé1opentadienyl}zirconium dichloride,
ethylene (cyclopentadienyl)
{3-methyl-4-n-propylcyclopentadienyl) zirconium dichloride,
ethylene(cyclopentadiehyl}
{3-methyl-4-n-butylcyclopentadienyl) zirconium dichloride,
ethylene (cyclopentadienyl)
(2,3,4~trimethylcyclopentadienyl)zirconium dichloride,
ethylene (cyclopentadienyl)
(2,3,5-trimethylcyclopentadienyl) zirconium dichloride,
ethylene (cyclopentadienyl)
(2,5-dimethyl-3-n-propyleyclopentadienyl) zirconium
dichloride, ethylene(cyclopentadienyl)
(2,5-dimethyl~3-n-butylcyclopentadienyl)zirconium

dichloride, ethylene(cyclopentadienyl)
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(2,5-dimethyl-3-n-butylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) 5
(tetramethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl) 43
(2,5-dimethyl-3,4-di-n-propylcyclopentadienyl)zirconium dichloride and
dimethylsilylene(cyclopentadienyl)

2,5-dimethyl-3,4-di-n-butylcyclopentadienyl)zirconium .10 dichloride.
(oo T e RRBY Tk b det B e O ThaH S e

compounds corresponging ta the aforesaid compounds except that the
eth%%%%pl%%%gg%?ﬂﬁ%éjlger%\t%sof the substituted alkylene 15 group is

Itered to, a di-n-butylmethylene bridging group; bridged asymmetric
2, e R o e R NG R SRS SR L g
. _except that the dimethylsilylene bJ[rid in Qu owe silicon-containing
dlc}é)rf(?urgéealtae?egd ?otgﬂhgﬁfb%ﬁﬁgi?y é’ﬁgeegqﬂ-ﬁgéﬁé) ay ; bridged asymmetric
0 metallocene. compqunds correspongding to the aforesaid compounds
(2, BT ek Ch Of tHE T re eSS I BIAGE SEL TS
. r(-‘iplac%d by a halogen atom; and bridged asymmetric metallocene
dichioride; . .
compounds corresponding to the aforesaid compounds except that at

Iea%txoir%f %fdthesh droqug.z%torrystogf e substituent 49 %criou s bonded to
the CyCiopentadienyl Ting 1s repraced by a halSgerratom: Examptes 2

fyrther include bridged metall d d ibed ab '
S e bl AR 18 AR o PR AT B SRR, CRLaRbas

)
the centr
abovefgaggg(cyclopentadienyl)(2—methylcyclopentadienyl)

isopropy
zirconium dichloride, isopropylidene (cyclopentadienyl)
(3wmethylcyclopentadieayl)zircénium dichloride,
isopropylidene (cyclopentadienyl) (2-ethylcyclopentadienyl)
zirconium dichloride, isopropylidene{cyclopentadienyl)
(3-ethylcyclopentadienyl) zirconium dichloride,
isopropylidene (cyclopentadienyl)
{2mn—propylcyclopentadienyl)zirconium,dichloride,
isopropylidene (cyclopentadienyl)
(2vn—butylcyclopentadienyl)zircoﬁium dichloride,
isopropylidene (cyclopentadienyl)
(3-n-propyleycliopentadienyl)zirconium dichlioride,
isopropylidene (cyclopentadienyl)
(3-n-butylcyclopentadienyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)

(3-n-pentylcyclopentadienyl)zirconium dichloride,
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5 restrictive. [0106] Of the compounds described above, bridged
asymmetric metallocene compounds in which the bridge has a
silicon-containing group such as a dimethylsilylene group are 10
preferable, and particularly preferregfxamples of such compounds
include dimethylsilylene(cyclopentadienyl)
(3-ethylcyclopentadienyl)zirconium dichloride,

dimethylsil entadl - -propylcyclopentad|enyI)Z|rcon|um
1so%x&ﬁ£¥ cs2‘{1 dﬁrr% ?E/ﬁlena]e)?éﬁeﬂtadlenyl)
buQ]( entadle fi)Z|r nlum dlchlorlde
dlme

enef’cycFopen atie y:f) ]ff n- oé%“}cyc} eincf d"l Ayl)zirconium
dichlor. ide d|b |SI| lene(c cgfentaﬂenyl) 20

lso?§?rp5'ro ycI pgn a?:l?eny zirconidm-dichloride,
dlmeth SI| lene cIo ntadl 3-n-hutylcyclopentadi nyl)2|rcon|um
dlchﬁo ¥ Qﬂ h}ﬂs%) enertgyrc}(%)pe]("n?agené \écjc]%el 1de
iso 3 -n- o&txlg clo enta |en¥ %II‘C nl%m ichloride, 50
ome uctyls ﬁg e(cyc opeﬁ’ta ienyl)
3§Fm09¥p¥ ﬂ g é&%@‘mcmonéﬁchloride,
Uore| sitylene péntadien

:i.so 3 -n- bLitxlg clo;{]ent ien %II’C nlum chlorlde and 5
ome %’/’Is ﬁgne CycC oper¥ta ienyl)

2,§§£l(j¥§¥90§e1@%5@¥2€§%§$ £T¥Q%§¥h¥1tlchlorlde.
isopropylidene(cyclopentadianyl)
(2,4—dimethylcyclopentadienyl}zirconium dichloride,
isopropylidene{¢yclopentadienyl)
(2,swdimethylcyclopentadi@nyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)
(3,4-dimethylcyclopentadienyl}zirconium dichloride,
isopropylidene (cvclopentadienyl)
(3,4-di-n-propylcyclopentadienyl) zirconium dichloride,
isopropylidene (cyclopentadienyl)
(3,4-di-n-butylcyclopentadienyl)}zirconium dichloride,
isopropylidene{(cyclopentadienyl)
{2,3-ethylmethylcyclopentadienyl) zirconium dichloride,
iscpropylidene (cyclopentadienyl)
(2,4—ethylmethylcyclopentadienyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)

{2,5-ethylmethylcyclopentadienyl)zirconium dichloride,
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invention, there may be used two or more kinds of the 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 compounds described Bbove and include any other
compounds that meet the requirements set forth in the claims of the

. invention.alglm] 15 Processes for producing bridged metallocene

1 sOoRE Y LAGSTRE BHILER TRSARIEE dompounds of the invention may be
produced by any methods without limitation._For example, reference ma

(3 -BeThade b WS BIRLTIB% LR SR SARTI 2 %bﬁ%%ﬁﬂ%ﬂﬂe%@ﬁ@ﬂ%{ﬁ

. Formula [1] in which Q1 is a structure 20 of Formula [11] or [12] may be

18 OB ORI RRFy M ORGRN G “L@P¥ b 108] First, a precursor compound
(10).or (19) for Formula [1] may be produced by a process [A] or [C]. 51

(3 -Rero8Y WiderT YR¥ C¥Hon A PREA36 EMpA G AU) b S ¥6P Foriffy -

. [1] may be produced_by a process [B]lor [D]. [0110] [A]R2R3 271,22 R1

1sogﬁ9@§~?§§¥8§qyfﬂﬁg?ntadleny )

(2,3,4-trimethylcyclopentadienyl) zirconium dichloride,

I

isopropylidene (cyclopentadienyl)
(2,3,5-trimethylcyclopentadienyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)
(2,5—dimethylw3-n~propy1dyclopentadieny1)zirconium
dichloride, isopropylidene{cyclopentadienyl)
(2,5—dimethyl—3—n—butylcyclopentadiényl)zircbnium
dichloride, isopropylidene (cyclopentadienyl)
(tetramethylcyclopentadienyi)zirconium dichloride,
isopropylidene (cyclopentadienyl)
(2,5-dimethyl-3,4-di-n-propylcyclopentadienyl) zirconium
dichloride and isopropylidene (cyclopentadienyl)
(2,5-dimethyl-3,4-di-n-butylcyclopentadienyl)zirconium
dichloride; and | |
bridged asymmetrid metallocene compounds having a
silicon-containing group as the bridging group, such as
dimethyleilylene (¢cyclopentadienyl)
(2-methyleyclopentadienyl) zirconium dichloride,

dimethylsilylene{cyclopentadienyl}



R2R3 R'R4 Y~Z1R5\Re (13) R2 (//L+ R1 R4 'E~! R5~ (14) ,b 5 (10)
[0111] 52 0 Rs~y~- Rs (16) (15) Rb/'\R5 (17) R2 R3 R2 R3 R1 ' R4
Rs-(r)'1"RiOR4R6 Y L. (10) [0112] R2R3 11 RiR4 +L.J CY1

46

(3-methylcyclopentadienyl) zirconium dichloride,
dimethylsilylene(cyclopentadienyl}
(2uethylcyclopentadienyl)zirconium dichloriée,
dimethylsilylene(cyclopentadienyl)

5 (3-ethyleyelopentadienyl)zirconium dichloride,
dimethylsilylene{(cyclopentadienyl)
{2-n-propyleyclopentadienyl) zirconium dichloride,
dimethylsilylene (cyclopentadienyl)
(2-n-butylcyclopentadienyl) zirconium dichloride,

10 dimethylsilylene(cyclopentadienyl)
(3-n-propylcyclopentadienyl) zirconium dichloride,
dimethylsilylene{cyclopentadienyl}
{3-n-butyleyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopéntadienyl)

15 (3—n—péntylcyclopentadienyl)zirconium dichloride,
dimethylsilylene (cyclopentadienyl)
(3-n-hexylcyclopentadienyl)zirconium dichloride,
dimethylsilylene {cyclopentadienyl)
(3-n-octylcyclopentadienyl)zirconium dichloride,

20 dimethylsilylene (cyclopentadienyl)
(3-n-decylcyclopentadienyl)zirconium dichloride,
dimethylsgilylene (cyclopentadienyl)
(2,3-dimethylcyclopentadienyl)zirconium dichloride,

dimethylsilylene (cyclopentadienyl)
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[Z1/ZZ J (20)-(21) R2R3R1R41 C)ZR2R3 A(22)R1R4 L*+0 A
(23) (19) [01131 53 (r)' cv) A (24) (25) 1 CAJR2 Ra (26) R1 R4 R2 R3
A R1 O R4 (27) (19) [0114] In the formulae above, R1 to R6 and Y are

the same as 47

. (2,4-dimethylcyclopentadienyl) zirconium dichloride,
dimethylsilylene(cyclopentadienyl)
(2,5-dimethylcyclopentadienyl) zirconium dichloride,
dimethylsilylene (cyclopentadienyl)
(3,4~dimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyciopentadienyl)
(3,4mdi—n—propylcyclopentadienyl)zirconium dichloride,
dimethylsilf&ene(cyclopentadienyl)
(3,4~di—n—butylcyclopentaéienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl)
(2,3~ethylmethylcyclqpentadienyl)zirconium'dichloride,
dimethyisilylene{cyclopéntadienyl)
(2,4—ethylmethylcyc1opentadienyl)zirconium dichléride,
dimethylsilylene(cyclopéntadienyl)
(2,5~ethylmethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl)
(34methyl—4~n~propylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl)
(3—mathy1—4—nmbutylcyclopentadienyl)zirconium dichloride,
dimethylsilylene (cyclopentadienyl)
(2,3,4—trimethylcyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl)
(2,3,5-trimethyleyclopentadienyl) zirconium dichloride,

dimethylsilylene (cyclopentadienyl)
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described in Formulae [11] and [12]; L is an alkali metal or 5 an alkaline
earth metal; Z1 and Z2 are each a halogen or an anionic ligand and may
be the same or different from each other; and the compounds (10) and
(19) have isomers differing in the p%gltlon of the double bonds in the
cyclopentadienyl rings, and although'the above formulae show only one
kind of such 10 isomers other isomers differing in the position of the
douple bonds in the enta enyI r| or m|i<I ures of such isomers

(2 SREVBE RN, éx&mB ﬁ¥ el i FULtioNs [A] to
[D] include lithium, SO}?{% aSSI m, ande mple of 15 the
dichy eﬁljrw@ee'arﬁwlﬁ‘l%g%’ ﬁo‘?&fﬁ% SSGHCRRFER éa ) Examples of

the hal mclud fluor ne, cglorlne bromine_and |od|ne Examples of
(2. 81 SRR gt e RS S P ETa L B LBBY S FHARBRS Toreitony

h b late h t t d te; and
sk a%%%ﬁeﬁa RGeS g e
t II d duced f the
(5 AL 107 GF(15) A8 IS h RIS ] B3 Phse
t t f th ti 10 and th tall
aim %‘%&éﬁ%ﬁ% A7 A KSNEEIoEa by 4y dhor nown methods. [0116] )

§2 R3 R2 g:? n-propyleyclopentadienyl) zixrconium

I?i:.met
dichloride and dimethylsilylene {(cyclopentadienyl)
(2,5-dimethyl-3,4-di-n-butylcyclopentadienyl)zirconium
dichloride. |
[0105]

Examples further include bridged asymmetric metellocene
compounds corresponding to the aforesaid compounds except that
the isopropylidene bridging group of the substituted alkylene
group is altered to a di-n—butylmethyiene 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
metalliocene compounds coxresponding to the aforesaid compounds
except that at least one of the hydrogen atoms of the bridging
group is replaced by a halogen atem; and bridged asymmetric

metallocene compounds corresponding to the aforesadd compounds

except that at least one of the hydrogen atoms of the substituent
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R'R4AR' R4 RIR4R6 R6R,Y R6Y R5.yR5./MQ" (10) (28) (29) [ F)
R2R3R2R3R2R3 R9R4R1 0O R4 R R4 (19) (30) (31) [0117]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 dialkali metal salt. [0118] The organic solvents
used in the above reaction include aliphatic hydrocarbons such as

T PHRaREHE@NnEChERRNEY ¢y etk and decdling aiematplaced by a

hydrocarbons such as benzene, 10 toluene and xylene; ethers such as
halpgengat.ehy dRemnleppEnsimethyl athtndbiotaniciandl metallocene

1,2-dimethoxyethane; and halogenated hydrocarbons such as
ComgRHBAsnathafe el bR raftbar e[ 012op s Othetaikalcmetata Lisad tathe; s

above reaction include lithium, sodium and potassium. The alkali metal

E1tAndHR sOIclRERdHTum Adridecambpodesidestydiided Theovganice not -

restrictive.
[0106]

Of the compounds described above, bridgéd‘asymmetric
metallocene compounds in which the bridge has a
silicon-containing group such as a dimethylsilylene group are
preferable, and particularily preferred examples of such
compounds include dimethylsilylene(cyclopentadienyl)
(3-ethylcyclopentadienyl) zirconium dichloride,
dimethylsilylene(cyclopentadienyl)
(3—n-propyicyclopentadienyl)zirconium dichloride,
dimethylsilylene(cyclopentadienyl}
(3~n—butylcyclopentadieny1)zirconium dichloride,
dimethylsilylené(cyclopentadienyl}
{3-n-octylcyclopentadienyl) zirconium dichloride,
dibutylsilylene(cyclopentadienyl)
(3—n~propylcyclopentadieny1)zirconium dichloxiae,
dimethylsilylene(cyclopentadienyl)
(3—nmbutylcyclopentadienyl)zirconium dichleride,
&imethylsiiylene(cyclopentadienyl)

(3—n—octylcyclopentadienyl)zirconium dichloride,
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alkali metals include methyllithium, butyllithium and 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, 56 cyclohexane decalin; aromatic hydrocarbons
such as benzene, toluene and xylene; ethers such as THF, di-n-butyl
ether, dioxane and 1, 2 -dimethoxyethane; and halogenated

Erif P QIrEsRy Shiek Bl HidHohfetRasd ane RERAGBRNLOf these
solvents, the 5 aliphatic hydrocarbons such as pentane, hexane, heptane,

(3 -nyRlEARYASY Sh@ReBARTARN Y& & pictembin (ol hpthedsubsequent
reaction, the dialkali metal salt (28) or (30) is reacted in an organic

Cri SHRRERP AR ddipaufd Lo prdsertd @B EbARERIB2): MXK ... (32)
wherein M is a metal selected from titanium, zirconium and hafnium; a

(3 - ThibraRN ST ARPEAE §EHE o Ad igamds ang Hebirarigimdandpable of

. coordination through lone-pair 15 electrons and may be the same or

LT IS RATR YO ANt Rdr YARIR ISHS HB§EsFBie e he reaction
results in a bridged metallocene compound of Formula [1]. To prevent the

{3 -G RFANOH BF byRPERRIL Sirefel RHEGIORARTS ofieriis gFcidiphatien the

~hydrocarbons such as pentane, hexane, heptane, cyclohexane and
invention, there may be used two or more kinds of the metallocene

compounds of Formula [1] differing in structure £romeach other,
or a mixture of opticall isomers (a meso isomer/racemic .isomer
mixture). The bridged metallocene c.émpounds of the present
invention are not limited to ﬁhe compounds. described above and
include any other compounds that meet the requirements set forth
in the claims of the invention. |

01071

Processes for preoducing bridged metallocene compounds

Thé bridged metallocene compounds of the invention may
be produced by any methods without 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
of Formula [11] or [12] may be manufactured by the following
steps.

[0108]
First, a precurscr compound (1C) or {19) for Formula [1]

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



20 decalin, and mixed solvents containing aliphatic hydrocarbons at not
less than 50 wts and ethers. The aliphatic hydrocarbons such as pentane,
hexane, heptane, cyclohexane and decalin are particularly preferred.
[0122] 57 Preferred examples of the compounds represented by Formula
(32) are trivalent or tetravalent titanitihn fluoride, chloride, bromide and
iodide; tetravalent zirconium fluoride, chloride, bromide and iodide;
tetravalent hafnium fluoride, 5 chloride, bromide and iodide; and
[0188mplexes of these halides with ethers such as THF, di-n-butyl ether,
dioxane and 1,2-dimethoxyethane. [0123] The organic solvents used
heréiRafe Sitflaf friheBe 20RIESCHIEP heramamved The eliakali metal for
salt and the compound of Formula (32) are preferably reacted in
Forggditnolard afftineginhedigadc kvivenp st resetidB termperkdre of
-80 to 200C. [0124] 15 The metallocene compound from the reaction may
[01p@]isolated and purified by methods such as extraction, recrystallization
A and sublimationgsrhe bridged metallocene compounds according to the
[ ]invention obtaijed by the abov progesses may be identified by
techniqug prot(‘iﬁ nuclear %Qmagnbetic sonance spectroscopy,

13C nuclear magnetic resonange spe%t£§) opy,imass spectrometry and
elemental {(11)

R2 RZS
UGG . R‘]Qé.‘

1

Y%
v
RS \Hqﬁ
(13) R R
Lt R? R

" J

(10}
(0111}



analysis. [0125] Olefin polymerization catalysts (a) 58 The olefin
polymerization catalysts (a) contain the components (A) and (C). [0126]
Component (A): the bridged metallocene compound 5 represented by
Formula [1] above. Component (C):sgt least one compound selected from
the group consisting of: (c-1) organOmetallic compounds represented by
Formulae [11], [12] and [13] below; 10 (c-2) organoaluminum
oxy-compounds; and (c-3) compounds that react with the component (A)
B to form an iortpair; [0127] Ran)A I‘?;(ORb) pXqg.[11] 15[0128]

"~ wherein Ra b a#e eacl a Cl-15 hydrog¢arbon group and are the
same or diffe from eachlothBF; X i&4 h logen atom; 0<m<_3, 0<_n<3,
0<_p<3, 05q<@@nd m + n +p + q =3; [[0129] Alry 20M1ARao Ly.
2] [0130] wherein Ma is Li,/Na or K; and R& is a CI-15 hydrocarbon 59

(+7) TR g

’ R-'Z R R1‘Z/ S\Rér
— R R4  —— RS’Y
L# E

¥

(18)

(19)

[o112]
2 3
[C] R__R + 2t 7
R @ R ( Y)
L+
(20) -~ 210
R R
|
v F
<A> R2 R
22) R1 r*
L+
K
—_— -+ R s N
(23}

(19

f0113]
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group; [0131] Rarb R hs XtC 131 [0132] 5 wherein Ra and Rb are )
each a C1-15 hydrocarbon group and are the. same or d|fferent.from5(;ac
other; Mb is selected from Mg, Zn and Cd; X is a halogen atom; 0<r52,
0555i, O5tslandr +s +t=2. The alefin poI_ymerization catalysts may
further contain 10 a solid carr_ier (S)sgis rgquwgd. [0133] The componir;t
(C) and the solid carrier (S) will be described in detail below. [Od134]
disclosed i JP.AHLL-315106 and EPOBPA005A edby the present
disclosed in JP-A- - '

[ Iapplicant. [013R] Of the organmometdllic compounds (c-i) represented by
20 Formulae [12]'Bnd_[1 1, tl-fgg havin _Formula [11] are preferable.
Specific examples thereof in Iu_de K k)_/_lalu inums sgch as
trimethylalumin{fﬁ’\, triethyla umln_umag)trusop_ropylalumllnum,
triisobutylaluminum, trihexylalumlnum., 60 tri gtylalumlnum and
tri-2-ethylhexylaluminum; dal!<y| num h Ildes_such as
dimethylaluminum chloride_, dieth minum chloride,
diisopropylaramimurrchloride, (YJ

R RE

{26) R R?

(19)
[0114]

In the formulae above, R®* to R® and Y are the same as
described in Formulae [11] and [12]; L is an alkali metal or
an alkaline earth metal; gz* and 2? are each a halogen or an .
anionic ligand and may be the same or different from each other;
and the compounds (10) and (19) have isomers differing in the
position of the double bonds in the cyclopentadienyl rings,
and although the above formulae show only one kind of such
isomers, other isomers differing in the position of the double
bonds in the cyclopentadienyl rings or mixtures of such isomers
may be used.

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

the alkaline earth metals include magnesium and calcium.



10

diisobutylaluminum chloride and dimethylaluminum bromide; 5
alkylaluminum sesquihalides such as methylaluminum sesquichloride,
ethylaluminum sesquichloride, isopropylaluminum sesquichloride,
butylaluminum sesquichloride and ethylaluminum sesquibromide;
alkylaluminum dihalides such as mgfhylaluminum dichloride,
ethylaluminum 10 dichloride, isopropylaluminum dichloride and
~ ethylaluminum dibromide; alkylaluminum hydrides such_as ,
ExanghethyurifulrHoaRdS diBhyRRTmntie hydifte chlorine, bromine
dihydrophenylaluminum hydride, diisopropylaluminum hydride,
and {a%ftFalu mmlﬁﬁjrfaﬁ, o bRRAQB U $Flfige, nCc L ude alkoxy
diisohexylaluminum 15 hydride, diphenylaluminum_hydride,

ST OURS) Rty RAIURRRT Hydiide: - SBEFRBLAR EnRRAGH A fidE Hie <y tate
di-sec-nonylaluminum hydride; and dialkylaluminum alkoxides such as
gro%ﬁ“rﬁe%ﬁﬁiﬁﬁirﬂﬁﬁ%%ﬁ&iﬁ@?d#éwaﬁﬁﬁﬁuﬁf‘&h%‘i?dﬁ?nate groups such
diisopropylaluminum methoxide and diisobutylaluminum 20 ethoxide.
as T§FIB) 2 FRe & ComPBBYNAS fay be used singly, or two or more kinds may

be used in combination. [0137] 61 Preferred organoaluminum
[Oljc')%-compounds (c-2) are aluminoxanes prepared from trialkylaluminums
or tricycloalkylaluminums. In particular, organoaluminum Qxy-compounds

prepafed oA thREERRaGRTIMAR TS MROLEEIRNAHLGT Are piferabfe.

The organoaluminum ,
precurso% compounds (10) or (19) as illustrated in Formula [E]

or [F]. These processes donot limit the scope of the invention,
and the metallocene compounds may be synthesized by any other
known methods.

{0116}

R2 ’ R3

[ E } RZ R3 .
RZ . R .
, R‘ R’“ R'! R4
R’ R4
RS, RE, RS
R6 Y., Y, ———e

S

- B . - 9 R5.’ . RS,Y MQ]
(16) (28) (29)
[Fl R2 R3 R2 R3 R? R?
? N ©'W
7N N TN
A\/Y; A\_/Y; AL MY
(19) (30) | (3

[6117] o
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oxy-compounds may be used singly, or two or more kinds may be used in
combination. [0138] Examples of the compounds (c-3) capable of reacting
with 10 the component (A) to form an ion pair include Lewis acids, ionic
compounds, borane compounds and carborane compounds as described
in JP-A-HOI-501950, JP-A-HO1-502%36, JP-A-H03-179005,
JP-A-H03-179006, JP-A-H03-207703, JP-A-H03-207704, and U.S.
Patent No. 5,321,106. Heteropoly 15 compounds and isopoly compounds

may Eiso be empleyed. dhgseuaampounds mayie used withal 1., any of

limitation. [0139] When the olef in polymerization catalyst of the |nvent|

thesiseatdgemerith an[digaroaluerRie aceomparad sUsh@s 20 a1 xa11
methylaluminoxane as a cocatalyst component, the catalyst shows very

meYfdh palynadreatibnetivity fgratetia C@mmu@ﬁga%!@%a.%h m%tal in

organoalumlnum oxy-compound reacts with the active hydrogen int

an §yigicgathe s @hvesnsolit-carries sompenenkkoRtaNING he,g0caBIYSE 5 p0c
component. may be prepared easily. 62 In view of these advantages, it Is
Lo grevgabledbableaheé orgaadakualirum oxy-compound (c-2) as component
(C). [0140] Solid carriers.(S) 5 The solid carriers (S) will be described
[014&4. The solid carrlers (S) may be simply referred to as the components

(S) [0141]

The organic solvents used in the above reaction include
aliphatic hydrocarbons such as pentane, hexane, heptane,
cyclohexane and decalin; aromatic hydrocarbons such as bénzene,
toluene and xylene; ethers such as THF, di-n-butyl ether,.
Ccyclopentylmethyl ethexﬂ dioxane and 1,2~dimethoxyethana; and
halogenated hydrocarbqns such as dichloromethane and
chloroform.

[0119]

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
élkali metals include methyllithium, butyllithium and
phenyllithium. |
[0120]

Next, the dialkali metal salt (28) or (30) is subjected
to the subsequent reaction, preferably after purification.

The purification may be performed with solveﬁts such as

aliphatic hydrocarbons such as pentane, hexane, heptane
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The solid carrier (S) optionally used in the invention 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] Examples of the inorganic compounds include porous oxides,
inorganic halides, clays, clay mineral® and ion-exchange 15 layered
compounds. Preferably, porous oxides or inorganic halides described
below are used. [0143] Examples of the porous oxides include SiO2,
cycLOPRIR RSP YRS CHER B2OIMREES MO ISSST PGS SHELatfpRSRESne/
- and mixtures 20 containing these oxides, such as natural or synthetic
tolueRfitedP&i LIS, 'SRIRRISOBV SO ATIGE S0 SV I5° $id2- G 5837
. and SiO2-TiO2-MgO. Of these, those containing 5i02 as the major
dioxzfhERchiare PRSP TEI18S  THRINARIATEBRIES kS coRamPons
small amounts of carbonate, sulfate, nitrate or oxide components such as
such3s G KRR RS MBS TRZESY, AY? (BHHRSBIGHS - the
KNO3, Mg (NO3) 2, AI(N03)3, Na20, K20 and Li20. 5 [0145] Althou

21ipRade FolbS TR IR FitotsHiop&tiEs tepen By it tﬁé%ﬁ@%ﬁd

' reparation process thereof, the carrier suitable for use in the invention
cycﬁ%}é

SFFATcRP diafRtar bP0 246 05T, BreferSbRPL o 200 gm, a specific

[0121]

In the subsequent reaction, the dialkali metal salt (28)
or (30} is reacted in an organic éolvent with a compound
represented by Formula (32):

MX, ++- (32)

wherein M is a metal selected from titanium, zirconium
and hafnium; a plurality of X are halogens, anionic ligands
and neutral ligands capable of coordination through lone-pair
electrons and may be ﬁhe 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
hydrccarbons such as pentane, hexane, heptane, cyclohexane and
decalin, and mixed sclvents containing aliphatic hydrocarbons
at not less than 50 wt% and ethers. The aliphatic hydrocarbons
such as pentane, hexane, heptane, cyclohexane and decalin are
particularly preferred.

{o122]
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10 surface area of 50 to 1200 m2/g, preferably 100 to 1000 m2/g, and a

pore volume of 0.3 to 30 cm3/g. Where necessary, the carrier may be

calcined at 100 to 1000C, and preferably 150 to 700C before use. [0146]

15 Examples of the inorganic halides_include MgC12, MgBr2, MnC12 and

MnBr2. The inorganic halides may b¥ used 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 alcohol and then

precifitfer byd Zoprepipitmting ageat todrepusertis the ey ehiingy by

particles. [0147] The clays are generally comprised of a clay mineral as
Forifd kAajof eonfponeht, Tt iontexahangedayeied oMot MEs aVel dori de |

crystal structure in which planes formed by ionic bonding 64 or the like .
chlGikliGf orferariviier rrdaratiél dith a wenk-bobdnsireagiboandiheY uoride,

contain exchangeable ions. Most clay minerals are ion-exchange layered
chlegrhp6undy: Thbddaysdhd aldyimineralsandsiherion-exehangs layerwd ge , -

compounds are not 5 limited to naturally occurring materials and may be
chlgyiRetic LpoamspExamplésdisiech elays colmpmingsalsoand ipnexehangge «

~ layered compounds include clays, clay minerals, and ion crystalline

witBoRbBeHds Favihg 3acTaRayatbdrysialstruetiie A0 as ahexagenal

closest packing type, an antimony type, a CdC12 type or a Cd12 type.
1,2-dimethoxyethane.

[0123]

The crganic solvents used herein are similar to those

‘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°¢C,

[0124]

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
magnetic resonance spectroscopy, *°C nuclear magnetic
résonance Spectroscopy, mass spectrometry and elemental
analysis.

[0125]

Olefin polymerization catalysts (a)




[0149] Specific examples of the clays and the 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 Iayerééi compounds include crystalline acid
salts of polyvalent metals, such as 20 a-Zr(HAsO4)2H20, a-Zr(HPO4)2,
a-Zr(KP04)2.3H20, a-Ti(HPO4)2, a-Ti(HAsO4)2H20, a-Sn(HPO4)2H20,
y-zFéP@oagz,fﬁdri(ﬂ@mg%ayiﬁmH@P@Amzo. [@d50raHeadiay & ge
clay minerals and the ion-exchange layered 65 compounds preferably
compeRaLForéAbIFRE, dheasured on pores having a radius of not less
than 20 A by a mercury penetration method, of 0.1 cc/g or more,
[Ol%é}ticularly from 0.3 to 5 cc/g. The pore volume is measured on the pores
having a radius of 5 20 to 3 x 104 A by a mercury penetration method
usitQERABRTIE,. phtcsifraterPf0iSI ¢ VM the kaffsrau e @ ore
volume of less than 0.1 cc/g as measured on pores having a radius of 20
5 repnesembRd iPYoReRds ebe difficdtCtbobtain high polymerization activity.
[0152] It is preferable that the clays and the clay minerals are chemically
tre&4EBPRRS BRokical tRBMEASHHaY IR GSSPRrRMh, selected from the

group consisting qf:
{c~1) organometallic compounds represented by Formulae
{111, [12] and [13] below;
10 _ (c—2)lorganoaluminum oxy-compounds; and
(c-3) compounds that react with the component (A) to form
an ion pair;

[06127]
R*,Al (ORY) , 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;

O<ms3, 0sn<3, 0Sp<3, 0sg<3 and m + nn + P + g = 3;

(01291

M2* A1R*, =+« -[12]

20

[01301]

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



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 organég 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

9T g about change in clay structure. The salt treatment and the organic
matter treatment produce an ionic complex, a molecular complex or an

{Olérb%\nic derivative 66 to cause change in surface area or interlayer
distance. [0153] The ion-exchange layered compound may be enlarged in
interlayendistance by nging the exchangeaie lons befween 5 layers

R with r larger agd bukkiey ions By meafs of ign axcl%n e properties.
The bulky ions play a pillar-like roll to support the layered structure and
are called pillars. Introduction of other substances between layers of a

[Olr'é%red compound is called intercalation. Examples of the guest 10
compounds to be intercq)lated include cationic inorganic compounds such

> as TEIASHY Frearnfetad Bkosaids 8ubh ad STHOR)E ZIHORERD and

(OR) 3 and B (OR) 3 (wherein R is a hydrocarbon group or the like); and

arentdis AgdRSie Hrisitikants [XOMEREDHY RRET.; [FFA {OH)e4 Gseahd rom
[Fe30 (OCOCH3) 6] . These 15 compounds may be used singly or in

Mg, cEmbinaticitof vo6r mdreélogen atom; 0<r<2, 0<s<1, 0<t<l and v

+ 8 + t = 2.
The olefin polymerization catalysts may further contain
10 a solid carrier (S) 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 compounds disclosed in
JP-A-H11-315109 and EP0O874005A filed by the present applicant.
[0135] |

Of the organometallic compounds (c-1) represented by

20 Formulae [11], [12] and [13], those having Formula [11] are
preferable. Specific examples thereof include
trialkylaluminums such as ti‘imethylaluminufn, triethylaluminum,

triisopropylaluminum, triisobutylaluminum, trihexylaluminum,
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kinds. Intercalation of these compounds can be carried out in the
presence of polymers obtained by hydrolysis of metal alkoxides such as
Si(OR)4, Al(OR)3 and Ge(OR)4 (wherein R is a hydrocarbon group or the
like) or in the presence of colloidal 20 inorganic compounds such as Si02.
Examples of the pillars include oxide resulting from thermal dehydration
of the above-mentioned metal hydroxide ions intercalated between
_layers. [0154] 67 The_clays, the clay minerals and the ion-exchange
triggfefed tassRdeMertiohed oV harbeé HsBl R 4Rey are or after
_ treated by, for example, ball milling or sieving. They may be used after

dlaEﬁﬁ}&%&‘?&%ﬁt&%ﬁé@r‘ﬁ%oﬁ%%éﬁn&% Grativh B TRETE &5, et 4o -

clay minerals and the ion-exchange layered compounds may be ysed

et SR EOTOIRREOT bffivo B MioPE HaRYs: o185 TR GrgamE>ae -

. compound_is, for example, a granular or. fine 10 particulate solid ranging
a1 4 BRI AR SR FPS00H. SPBET U Bt BF FERE
(co)polymers mainly composed of a C2-14 olefin such_as ethylene,

alkypl UThR&RE O 2RrhEH G -BAterRS (BRI B fEdtion
roducts formed mainly of vinylcyclohexane, styrene or divinylbenzene,

pro .
sesqalgiilmotfed FHHICE bFHSE BRI [6T56{°The olefin

. polymerization catalysts of the invention ,
isopropylaluminum sesquichloride, butylaluminum

seéquichlorideenuiethylaluminumsesquibromide;alkylaluminum
dihaiides such as methylaluminum dichloride, ethylaluminum
dichloride, isopropylaluminum diéhloride and ethylaluminum
dibromide; alkylaluminum hydrides such as dimethylaluminum
hydride, diethylaluminum hydride, dihydrophenylaluminum
hydride, diisopropylalﬁminum hydride, di-n-butylaluminum
hydride, diisobutylaluminum hydride, diisochexylaluminum
hydride, diphenylaluminum hydride, dicyclohexylaluminum
hydride, di-sec-heptylaluminum hydride and
di-sec-nonylaluminum hydride; and dialkylaluminum alkoxides
such ag dimethylaluminum ethoxide, diethylaluminum ethoxide,
diisopropylaluminum methoxide and diisobutylaluminum
ethoxide.
[0136]

These compounds may be used singly, or two or more kinds
may be used in combination.

[0137]
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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 organoaluminum oxy-compounds (c-2) and the
ionized ionic compounds (c-3), and qutionally the components (S) as
required. [0157] In carrying out the polymerization, the components may
68 be used and added by any method or in any order. Some exgmplary
processes are given below: [0158] (1) The component (A) alone is added
to a%aaﬁﬁﬁwe% YBIBORGY B WBNRIBERP IR A e Confornt (C)
are added to a polymerizer in an arbitrary order. [0160] (3) A catalyst

* LTS mgeet I Wt teCoshent LAY Io duppamporthe
.component (S) , and the component (C) are added to a polymeri;er in an

trl&%ﬁﬁa?ﬁ A {OTBIT WA caldly RECoRiSOHERE In WHBATRE Eomizonent
(C) is_supported on the component (S) , and the component (A) are

XY 3§55 ‘1@?@% BaGRRETEEr fraharbitids ohaera jorsbnis) meatalyst
.component in which the components (A) and (C) are supported on the

trileg 8ﬁérﬁta(éyq§1mdaﬁeaBg@ﬁﬁ@}@;emlg@}e organocaluminum

Ooxy-compounds may be used singly, or two or more kinds may be
used in combination.
[0138]

Examples of the compounds (c-3) capable of reacting with
the component (A) to form an ion pair include Lewis acids, iconic
compounds, borane compouhds and carborane compounds as
described in JP-A-H01-5015%50, JP—A~H01—502636,
JP~A-H03-179005, JP-A-H{03-179006, JP-A-HQ3-207703,
JP-A-HO03-207704, and U.8. Patent No. 5,321,106. Heteropoly
compounds and isopdly compounds may also be employed. These
compounds may be used without limitation.

[0139]

When the olefin polymerization catalyst of the invention
is used together with an organocaluminum oxy-compound such as
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 solid carrier component

containing the cocatalyst component may be prepared easily.
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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) 69 maﬁ be added at an arbitrary stage as
required. In this case, these compo ents (C) may be the same or
different from each other. [0165] 5 The solid catalyst component wherein
the component (A) alone or the components (A) and (C) are supported on
in ‘fﬁ&wc&’?p&?&ﬁ?s?ﬂw%%@&f’eﬁol iR dRAf&T Blet . FUrihef BRe
additional catalyst component may be supported on the prepalymerized
OTgapfig %H%%oﬂ?ﬁbh%ﬁ?ﬁ%%éﬂhzderﬁ?alF%Bﬁ%%étaflSZene
compound having substituent groups on both the cyclopentadienyl rings
[0148dns anion pair with the component (C), the resultant olefin
polymerization catalyst gives with high catalytic activity 15 polymers
1 j ar weight and less terminal double bonds. [0167) The

mechanism of this catalytic action is probably explained as follows. A ,
U6 B SUBSTRIERE GRS briths LoD AR ARE G fgs pidfEe11d

steric hindrance which causes an gggg%)riate distance between the

Car%%ﬁﬁﬁl&é%aﬂ%%ﬂBﬁ)ﬁthlY re d to as the components (8).

[0241]

S0

The solid carrier {(8) optionally used in the invention
is an inérganic or organic compound in the form of granular
or fine partiéulate solid. Thé components described
hereinabove are supported on the solid cérrier.

{0142]
Examplesofthejmorganiccompoundsincludepordusoxides,

inorganic halides, clays, ciay minerals and ion-exchange

layered compounds. Preferably, porous oxides or inorganic

halides described below. are used.

[0143]

Examples of ;he porous oxides include Si0,, Al;0;, MgO,
Zr0O, Ti0O,, By0s, Cao, Zn0, Ba0, ThO;, and complexes and mixtures
containingtheseoxides,suchasimmuralorsyntheticzeolites,
81i0,-Mg0O, S10;-Al,0;5, S10;-Ti0O,, 810;-V,;0s5, 8i0,-Cry0; and
Si0,-Ti0,-MgO. .O£ these, thosé containing SiO% as the major
component are preferable.

[0144]
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- the component (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 70 steric hindrance by
the substituent groups inhibits chain_transfer reactions which control the
molecular weight such as a chain trihsfer reaction of monomers or a
transfer of hydrogen at the (3-position of the polymer chain to the central
metal. 5[0168] In contrast, the olefin polymerization catalysts (a)
contaitiing BRFERGJEY RietiiRteR@ Xoftistind bf FBAAllaPhals of

ubstituent groups on only one cyclopentadienyl ring. As a result, an
cari’ﬁ&%ﬁﬁategaﬁs%ﬁ%ri &8 REEHR SRR 2D At n @ thi¥aCOs
component (ngﬁ\évé?ile ensuring an appropriate space to permit chain
KeC st RactiBiE Sne BrstPpol iZ2fiore cabdysts ofNe pre¥entiNos) 2,
Al invention can thus achieve high polymerization activity and afford
(B hierd¥iadng SefdviHolkéafir weight and many double bonds at
101ter inals. 15 [0169] Olefin polymerization catalysts (b) The olef in
ﬁél merization catalysts (b) of the invention contain the component (A),
the component (B) and the component (C). 20 [0170] Component (A): the
bridged MAERo RS REGEIE repredesteRder ormiay aboveerties

Component (B): a bridged metallocene compound
depending on the type and preparation process therecf, the

carrier suitable for use in the invention has a particle
diameter of 0.2 to 300 pm, preferably 1 to 200 um, a épecific
surface area of 50 to 1200 m®’/g, preferably 100 to 1000 m?/g,
and a pore volume of 0.3 to 30 cm3/g. Where necessary, the
carrier may be calcined at 100 to 1000°C, and preferably 150
to 700°C before use.
[0146]

Examples of the inorganic halides include MgCl,, MgBr,,
MnCl, and MnBr,. The inorganic halides may be used 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 alcohol and then precipitated by a
precipitating'agent to be used in the form of fine particles.
f0147]

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
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represented by Formula [14] below: 71 [01711 R18 R19 R17 R20 Q2
IlUI~ X R28 21 R270R22 ----?:: R26 25~JR23 R R24 ...[141
[01721 wherein R17 to R20, and R21 to R28 are selected froma 5
hydrogen atom, hydrocarbon groups, halogen-containing groups,
oxygen-containing groups, nitrogen-%ntaining groups, boron-containing
groups, sulfur-containing groups, phosphorus-containing groups,
silicon-containing groups, germanium-containing groups and
OT GRecdrtsRimiRUPR ARParPRT iRFsdieks Bfffer&it fdrhtbre ¥eghebond
neighboring substituent groups among these groups may be linked
strengéther t%‘%rrﬁl’éeﬁngioé?aié%efe’éfé@ﬂar%%%-?o Y aFocati8h yredssy
. halogen-containing groups, silicon-containing groups, '
MIneedhanfing-chitai fiG RFBESs ARY TRDARPYYeEps; Mhe 15lsssotelihe
from a titanium atom, a zirconium atom and a hafnium atom; and X
clay,Fepeiiehtly 2 eath O ctifeRte 1eR gRodR Y8 E QR dCRBRPARGEGen 1ot
atom, halogen atoms, hydrocarbon groups, halogen-containing groups,

1imifiRd - CoRBiMAG YroURS 1 oh§eRadariaiAihg Greft e ¥UMersoorEaRRgC -

[0148]

Examples of such clays, clay minerals and ion-exchange
layered compounds include clays, clay minerals, and ion
crystalline compounds having such a layered érystal structure
as a hexagonal closest packing type, an antimony type, a CdCl,
type or a CdI, type.

[0149]

Specific examples of the clays and the clay minerals
include kaolin, bentonite, kibushi clay, potter’s clay,
allophane, hisingerite, pyrophyllite, mica gfoup,
montmorillonite group, vefmiculite, chlorite group,
palygorskite, kaolinite, nacrite, dickite and halloysite.
Specific examples of the ion-exchange layered compounds
include crystalline acid salts of polyvalent metals, such as
0~ Zr (HASQ,) 2 Ho0, 0-2Y (HPO4),, a-Zr (KPQ4) - 3H,0, o-Ti (HPO,),,
o-Ti (HASO4) 5 - H,0, aMSn(HPo;)z-Hzo, ¥-Zxr (HPO,) », ¥-Ti (HPO,). and
Y-Ti (NH,PO,L) - Ho0.

[0150]

The clays, the clay minerals and the ion-exchange lavered
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nitrogen-containing groups and phosphorus-containing groups;
Component (C): at least one compound selected from the group
consisting of: 5 (c-1) organometallic compounds represented by Formulae
[18], [19] and [20] below; (c-2) orga§§aluminum oXxy-compounds; and (c-4)
compounds that react with the components (A) and (B) to f(_)rm anion
pair; 10 [0173] Ram A 1 (ORb) n Hp Xq . [1 8] [0174] wherel.n Ra and Rb
are each a Cl-15 hydrocarbon group and are the same or different from
COMRRLN B R IS A MRIOYIRARM; HBE<MBBL0BN<B 05y Ybeg Tang ox e
+n+p+q=3;[0175] M ft A1 Rao [1 9] [0176] wherein Ma is Li, Na or K;
having h 1A H1E iy dokatss® 2oardd [B1PY] 23nMbRibbSene) €5 1on
01 10178] wherein Ra and Rb are each a CI-15 hydrocarbon group and
met Arfihe darfie brififsrept it each e Mbas beldtteafrons Mg Zre/g.

and Cd; X is a halogen atom; O<r<_2, 0<_s< |, 0Gt<_landr +s+t=2.
The pore volume is measured on the pores having a radius of

20to 3 x 10* A by a mercury penetration method using a mercury
porosimeter.
[01511

When the carrier used has a pore volume of less than 0.1
cc/g as measured on pores having a radius of 20 A or more, it
tends t;o 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
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
dissolving cations such ag 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
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The olefin polymerization catalysts may further contain a solid carrier (S)
as required. [01791 10 The 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 IV"metal represented by Formula [14]
below. [0181] The metallocene compounds of Group IV metal represented
by Formula %14] will be de crlbed in detail. 20 01 74 R RT19 R17

to cgyge ghasas RBgH*T “"Fff‘z RSP PR ¥?§2 £4)°o183]
[OESIQ]FormuIa [14], M is a transition metal selected from

The ion-exchange layered compound may be enlarged in
interlayer distance by changing the exchangeable ions between
layers with other lafger and bulkier ions by means of ion
exchange properties. The bulky ions play a ﬁillar—like roll
to support the layered structure and are called pillars.
Introduction of bther substances between layers .of a layered
compound is called intercalation. Examples of the guest
compounds to be intercalated_include cationic inorganic
compounds such as fiCl4 and ZrCl.; metal alkoxides such as

Ti(OR)s, Zx (OR)., PO(OR)3; and B{OR); (wherein R is a hydrocarbon

. group or the like); and metal hydroxide ions such. as

[21,304 (OH) 241 7%, [Zrq(0H)1.1*" and [Fe;0(0OCOCH;)¢l*. These
compounds may be used singly or in combination of two or more
kinde. Intercalation of these compounds can be carried out in
the presence of polymers obtained by hydrclysis of metal
alkoxides such as 8i(OR),, Al1{OR); and Ge{OR), (wherein R is
a hydrocarbon group or the like) or in the presence of colloidal
inorganic compounds such as S$i0;. Examples of the pillars
inciude oxides resulting from thermal dehydration of the
above-mentioned metal hydroxide ions intercalated between
layers.

[0154]
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titanium, zirconium and hafnium, and is preferably zirconium. 5 [0184]
R17 to R20, and R21 to Rea are selected from a hydrogen atom,
hydrocarbon groups, halogen-containing groups, oxygen-containing
groups, nitrogen-containing groups,eporon-containing groups,
sulfur-containing groups, 10 phosphorus-containing groups,
silicon-containing groups, germanium-containing groups and
tin-containing groups and are the same or different from one another.
NeidhbBofitG¥ro StSsfiRitBiaRRamstide grupemapbgdinkegdered
together to form aring. 15 [0185] Q2 is a divalent group linking the two
O AHE AR E SABER I FRAY € 1120 hpdroearsdragrotps suelras alkylehies v
£ redOURS, substituted alkylene groups and alkylidene groups; 75
T eREB e RicomBMiRG Blse: ARbh-86ntaing glowieving. They may be
ermanium-containing groups; and tin-containing groups. Examples of
useﬁwé etﬁﬁa&b@afecg%gé‘serm%‘a@rar@sm@e} Fsfshed yedugs mdicated on .
Th b¥3g.§ginclude alk)élene groups, substituted alkylene groups, alkylidene
€ groUpE® hatdtfertdéaRimaIRyIBna B0 e hakyertdmeininglayered
o substiéuted alk¥lene groups and halogen-containing a[kylidene groups
CTBRERREVIRGYL 15 285806 Bbhis Cdnd BilkeAkbnaiding 10fgoepscandhore
kingglogen-containing silicon-containing groups. Of these, alkylene groups,
Substituted alkylene groups,

[01585]

The organic compound is, for example, a granular or fine
pérticulate gsolid ranging'in particle diameter from 10 to 300
Hm. Specific examples thereof include (co)polymers mainly
composedofeaC2—l4olefinsﬂuﬂlasethylene,propyleﬁehl—butene
or 4~methylal—pentene, (co)polymers or reaction products
formed mainly of vinylcyclohexane, styrene or divinylbenzene,
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)
of Formulae [11], [12] and [13], the organcaluminum
oxy-compounds (¢-2) and the ionized ionic compounds {c-3), and
optionally the components (S) as regquired.

[0157]

In carrying out the polymerization, the components may



alkylidene groups and silicon-containing groups each having 1 to 20
carbon atoms are particularly preferable. [0187] 15 Alternatively, Q2 may
have a structure represented by Formula [15] or [16] below: [0188] R 2%
30ya[l1l5 [0189] 76 'V [16J [0190] In the above formulae, Y is _
selected from a carbon atom, a silidsh atom, a germanium atom and a tin
atom; R29 and R30 are 5 selected from a hydrogen atom, hydrocarbon .
groups, silicon-containing groups, heteroatom-containing groups and

be uRSPRMCBARRI TNy PSUpFaRd are e Sard o PHifefent f S8R BALY
A indicates a C2-20 divalent hydrocarbon group which may have an

PTrogpRakifathshty & nkRE4PVe two or more 10 ring structures inclusive of
the ring formed by A" and Y; and the black dots () indicate bonding points

[015%@¢h the substituted cyclopentadienyl group and the substituted fluorenyl

group. [0191]
{1) The component {(A) alone is added to a polymerizer.

5 [0159]
{2) The combonent (A) and the component (C) are added to
a polymefizer in an arbitrary order.
[0160]
(3) A catalyst component- in which the component (A} is

10 supported on the component (8), and the component (C) are added

t.o a polymerizer in an arbitrary order.
[0161]
(4} A catalyst component in which the component (C) is
supported on the component (8), and the component (A) 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 {8) is added'to a polymerizer.
[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)
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In Formulae [15] and [16], Y is preferably a carbon atom 15 or a silicon
atom, and is particularly preferably a carbon atom. [0192] Examples of
the hydrocarbon groups, the silicon-containing groups, j[he
heteroatom-containing groups and gge halogen-contal_nln_g groups
indicated by R29 and R30 in 20 Formula [15] include similar groups as
represented by R17 to 77 R20, and R21 to R28. Of the hydrocarbon
}g oups, methyl group, chloromethyl group, ethyl group, n-propyl group,
MaYisBBrEN G ctip, ARbRRR HFGFHE Yo Sdtgieg foRi & BuiyT gfoup, Inpehtys case,
roup, cyclopentyl group, cyclohexyl group, cycloheptyl group, 5 phenyl
the%r%ug?fﬁéﬂ’;ﬁ@?@ p'&hd BEBIyPErdrarasmerepablél Bhe raathyfgroupeach
chloromethyl group, n-butyl group, n-pentyl group and phen_yl group are
Oémgérrticularly preferred. [0193] In Formula [16], A' is a C2-20 divalent
h% rocarbon group 10 which may have an unsaturated bond, and Y and
[015\ ﬂogether form aring such as 1-si|acyc|opent_y|idene group. In the
spegification, the 1-silacyclopentylidene group is represented by Formula
[17] BeToR 01847 52 1 7F [6PI51IR Fernileer] s tackcnoeare (2)
as descri%(red in Formula [16]. A" may have two or more ring structures
alo%%m%ﬁet §h&omponents (A) and (C) are supported on the
component (8) may be prepolymerized with an olefin. Further,
an additional catalyst component may be supported on the
prepolymerized solid catalyst component.
[0166]

In general, when a metallocene bompound having
substituent groups on both the cyclopentadienyl'rings forms
an ion pair with the component (C), the resultant olefin
polymerization catalyst gives with high catalytic activity
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
cyclopentadienyl rings produce steric hindrance which causes
an appropriate distance between the central metal (cation) and
the Component (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
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20 ring formed by A" and Y. [0196] 78 Preferred groups indicated by Q2
include alkylene groups, substituted alkylene groups, alkylidene groups,
halogen-containing alkylene groups, halogen-containing substituted
alkylene groups and halogen-containing alkylidene 5 groups each having
1 to 20 carbon atoms, and silicon-cofftaining groups and
halogen-containing silicon-containing groups, with carbon-containing
groups and halogen-containing carbon groups being particularly
stepidfefabisifon9F 1o THedetubX tridepamdegthpapsacindcduirenceligan
group selected from a hydrogen atom, halogen atoms, hydrocarbon
tragediiss, Padstehesoniainindg hydrscasdon yeouss, esilidorkcurtbgtingsuch as
groups, oxygen-containing groups, sulfur-containing groups,
a chatogenaenfaninegoubeand ISoplospheras-comaansf grouds h@firogen
these, halogen atoms and hydrocarbon groups are preferable. Examples
at oithPhalogeh iaonsinchaleilormey chlvsine, bmmihe anenivdme. metal .
Examples of the hydrocarbon groups, the halogen-containing
[01&§drocarbon groups, the silicon-containing groups, the 20
oxygen-containing groups, the sulfur-containing groups, the
nitréger-esistaittg gidupscalthe Irosphenszonianingagrolpstee &)

described above. [0198] The hydrogen atom, the hydrocarbon groups, the
containing the bridged metallocene compound of Formula [1] have

substituent groups1on only one éyclopentadienyz ring. As a
result, anﬁappropriate distance is ensuredeetween.the centra1
metal and the component (C} while énsuring an appropriate space
to permit chain transfer reactions. The olefin polymerization
catalysts of the present invention can thus achieve high
polymerization activity and afford polymers having a low
molecular weight and many double bonds at terminals.

[06169] |

Clefin polymerization catalysts (b)

The olefin polymerization catalysts (b) of the invention
contain the component (A}, the component (B) and the component
(c).

[01701

Component (A): the bridged metallocene compound
represented by Formula [1] above;

Component (B): a bridged metallocene compound

represented by Formula [14] below:
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79 halogen-containing groups, the oxygen-containing groups, the
nitrogen-containing groups, the boron-containing groups, the
sulfur-containing groups, the phosphorus-containing groups, the
silicon-containing groups, the germapium-containing 5 groups and the
tin-containing groups indicated by R77 to R20 and R21 to R28 may be
similar to those represented by R1 to R4 in Formula [1] without limitation.
10171 atoms and the groups indicated by X may be similar to those
represented by x in Formula [1] without limitation. In an embodiment, at
least,gpe 1Qypair of neighboring groups among R17 to R20 on the

azging structure such as an indenyl group, a substituted
pﬁa fluorenyl group or a substituted fluorenyl group may be

8 to R20 on the fluorenyl ring may be linked together to
pnsequently a ring structure such as a benzofluorenyl

»"@.jﬂ‘ , R21 to R28 are selected from the hydrogen atom
paandthe hydrocaghesn groups, and at least one pair of neighboring
hydr&&rhezugrolips may, be linkgd fagether to 80 form an

octahydrodibenzofluorenyl group or an
[0172]

wherein R'7 to R?*°, and R? to R?® are selected from a
hydrogen atom, hydrocarbon groups, halogen-containing groups,
oxXygen-containing groups, nitrogen-containing groups,
boron-containing groups, sulfuchontaining groups,
phosphorus-containing groups, silicon-containing groups,
germanium-containing groups and tin-containing groups and are
the same or different from one another; neighboring substituent
groups among these groups may be lin;ked 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
selected from a titanium atom, a zirconium atom and a hafnium
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,
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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
groups and the bridging group, the bbtainable 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
OXY&H&W@Wt rpParistds anl iflereazed taicuim o f arsstdmonomers
~and the number of long-chain branches is increased. [0200] Specific
nitROGMpIES B G it [E RO Aot T CSRPOItS - ¢S rEprRERE EbPUPS |
Formula [14] are given below but are not limited thereto: [0201]
isopEifaRERd cydlope Rt diaidtlustenypiieoniut didtotds from the
~ isopropylidene(cyclopentadienyl) 20 (2,7-di-tert-butylfluorenyl)zirconium
groyfciendd Sisbpebpylidene(cyclopentadienyl)
(3,6-di-tert-butylfluorenyl)zirconium dichloride,
lsoéde%/)Id@ﬁ@(%Sl@lﬁﬁéﬁthaFé?ly‘l—)ompounds represented by Formulae
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride, 81

[18lgibtyfriethii@nd&9tiopentmienyl)(fluorenyl)zirconium dichloride,

dibutylmethylene(cyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium
d,(;}{,%ﬂaé organocaluminum oxy-compounds; and

(c-4)} compounds that react with the components (A) and
(B) to form an ion pair;

[0173]

R:,Al (OR®) , H, X, + -+ [18]
[0174]
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, 0<p<3, 05g<3 and m + &n + p + g = 3;

[0175]

M* AIR®*, =+ -+ -[19]

[0176]

wherein M* is Li, Na or K; and R® ig a C1-15 hydrocarbon
group;

[0177]
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dibutylmethylene(cyclopentadienyl) 5 (3,6-di-tert-butylfluorenyl)zirconium
dichloride, dibutylmethylene(cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
diphenylmethylene(cyclopentadienyg,;fluorenyl)zirconium dichloride,
diphenylmethylene(cyclopentadienyl)'10
(2,7-di-tert-butylfluorenyl)zirconium dichloride, ‘
diphenylmethylene(cyclopentadienyl) (3,6-di-tert-butylfluorenyl)zirconium
djchlqride, diphenylmethylene(cyclopentadienyl) '

R(éct,a h‘f/&ﬁa%y(grido e@zofluoreny‘l)zimoni*un[d@hl@id}, 15
cyclohexylidene(cyclopentadienyl)(fluorenyl)zirconium dichloride,
cyclohexylidene(cyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium

[01dBhioride, cyclohexylidene(cyclopentadienyl)
(3,6-di-tert-butylfluorenyl)zirconium dichloride, 20
cyclBhexfitend{csaidpBntadienghch a C1-15 hydrocarbon group and
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,

arephbRypadifyiethifdhrteytiofermdéenyt) (Hucremyl) Mirceniss dieblasider om
phenylmethylmethylene(cyclopentadienyl) 82

Mg, (Zz-@indrtdsutyRudreryzirtogiem dichiofide<r<2, 0<s<1, 0<t<l and r
phenylmethylmethylene(cyclopentadienyl)

+ 8(3,6%di-fe-butylfluorenyl)zirconium dichloride,
phenylmethylmethylene(cyclopentadienyl) 5
(octaife®yREidh rRiBEehzstiorenyd zisdonium dieslofiderher contain

a solid carrier (S) as required.

{0179]

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

[0180]

Component (B)

The bridged metallocene compounds as the components (B)
are metalloéene compounds of Group IV metal represented by
Fof:mula [14] below.

[0181]
The metallocene compounds of Group IV metal represented

by Formula [14] will be described in detail.

[0182]
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dimethylsilyl(cyclopentadienyl)(fluorenyl)zirconium dichloride,
dimethylsilyl(cyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium
dichloride, dimethylsilyl(cyclopentadienyl) 10
(3,6-di-tert-butylfluorenyl)zirconium dichloride,
dimethylsilyl(cyclopentadienyl) 4
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
isopropylidene(3-tert-butylcyclopentadienyl)(fluorenyl) zirconium
1e ﬁde,Fi’E?isopropylidene(?a tert-butylcyclopentadienyl)

A butylfluorenyl)zwcomum dichloride,
B-tert- butylcyclopentadlenyl)

|soproyI|d ‘ e(3)gert butylcyclopentadienyl) 20
(octar@@thyloabydrldod|benzofluorenyl)zwcomum dichloride,
dlphen Ime erﬁ%(B tert- butylcyclopentadlenyl) (quorenyI)Z|rcon|um

: IquorenyI)zwcomum dlchlorlde 83
: B@-tert-butylcyclopentadienyl)

g gtylfluorenyl)zirconium dichloride,
R? iphgaylme yIéRQB tert- butylcycloientadlenyl)
(octametiToctahydridodibenzéffudrényl)zirconium dichloride, 5

cyclohexylidene(3-tert-butylcyclopentadienyl) (fluorenyl)zirconium
[01%dhloride, cyclohexylidene(3-tert-butylcyclopentadienyl)

In Formula [14], M is a transition metal selected from
titanium, zirconium and hafnium, ard is preferably zirconium.
(o184l

R to R?Y%, 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,
germaniumwcontaining5groups 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.

[0185]

Q° 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;
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(2,7-di-tert-butylfluorenyl)zirconium dichloride,
cyclohexylidene(3-tert-butylcyclopentadienyl) 10
(3,6-di-tert-butylfluorenyl)zirconium dichloride,
cyclohexylidene(3-tert-butylcyclope%adienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
phenylmethylmethylene(3-tert-butylcyclopentadienyl) (fluorenyl)zirconium
dichloride, 15 phenylmethylmethylene(3-tert-butylcyclopentadienyl)

halogehgepbagmipkmeiesmusididiiordeontaining groups;
phenylmethylmethylene(3-tert-butylcyclopentadienyl)

Ier ML YRRTEBTy RIS |2 Roomiem diodotide,-containing groups.
phenylmethylmethylene(3-tert-butylcyclopentadienyl) 20

Exampigieldebaipriasameazeitoremsyrsoniiediciionde? .
isopropylidene(3-tert-butyl-5-methylcyclopentadienyl) (fluorenyl)zirconium

[01§6 loride, isopropylidene(3-tert-butyl-5-methylcyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride, 84
isoptdpRfERefdErbRe LB dictaedcpeftadiehyiie alkylene groups,

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

SUbRBHLFHyRte AdEVEATSUET HIRghy leydtopardadiengy oups ,
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride, 5

hal gEeRngRdtRiRAEE-RHDUGES nesthyipgcloperitadienylyont aining
fluorenyl)zirconium dichloride, _

SUbHirhERy RT3 teasipissandihidydepentadieayih ing alkylidene
(2,7-di-tert-butylfluorenyl) zirconium dichloride, '

IrOURM &R RYIERE(3-feRt-Bltgs-hnathy yopemadiehy ) con - containing
groups and halogenfcontaining silicon-containing groups. Of
these, alkylene groups, substituted alkylene groups,
alkylidene groups and silicon-containing groups each having
1 to 20 carbon atoms are particularly preferable.
[0187]

Alternatively, Q° may have a structure represented by

Formula [15] or [16] below:

[0188]

—

[0189]
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10 (3,6-di-tert-butylfluorenyl)zirconium dichloride,
diphenylmethylene(3-tert-butyl-5-methylcyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
cyclohexylidene(3-tert-butyl-5-meth)§lcyclopentadienyl)
(fluorenyl)zirconium dichloride, 15 6
cyclohexylidene(3-tert-butyl-5-methylcyclopentadienyl)
(2,7-di-tert-butylfluorenyl) zirconium dichloride,
cyclohexylidge (3-tert-butyl-5-methylcyclopentadienyl)
(3,6-di-tert-gutylfluorenyl)zirconium dichloride,
cyclo lidene(3-tert-butyl-5-methylcyclopentadienyl) 20
loctahydridodibenzofluorenyl)zirconium dichloride,
ylmethylene (3-tert-butyl-5-methylcyclopentadienyl)(fluorenyl)
ichloride, phenylmethylmethylene
(3-tert-butylA5-methylcyclopentadienyl) 85
(2,7-di-tert- yIfIU@reﬂyI)ozireor[iu]p ﬂicﬁlloride, phenylmethylmethylene
(3-tert-butyl-5-methylcyclopentadienyl)
(3,6-di-tent-butylfluorenyl)zirconium dichloride, 5 phenylmethylmethylene
[Dl%ﬁjtert-butyl-5-methylcyc|opentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride, and
dibfeidE RPNt TaAG Feorhpotintis- ARraRy L EBM bR aRifjF o
.compounds, dialkoxy compounds, dithiol 10 compounds, disyfonic acjg
2 83dGRBUAGS HiafiRE TBRATPbIRRERM Afhdspiifte®ddMbotindSadR are

above metallocene compounds, and
selected from a hydrogen atom, hydrocarbon groups,

silicon-containing groups, hetercatom-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 bond; A’ may have two or more

riﬁg structures inclusive of the ring formed by A’ and Y; and
the black dots (e) indicate bonding points with the subkstituted
cyclopentadienyl group and the substituted fluorenyl group.
f0191]

In Formulae [15] and [16], ¥ is preferably a carbon atom
or a gilicon atom, and is particularly preféfably a carbon atom.
[0192]

Examples of the hydrocarbon groups, the
gilicon-containing groups, the heterocatom-containing groups
and the halogen-containing groups indicated by R*® and R*® in

Formula [15] include similar groups as represented by R to
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compounds corresponding to the above metallocene compounds except
that the central metal is replaced by titanium or hafnium. 15 [0202] Of the
above metallocene compounds, preferred are
isopropylidene(cyclopentadienyl)(flu?renyl)zirconium dichloride,
isopropylidene(cyclopentadienyl) (2,?-di-tert-butylfluo_renyl)zirconium
dichloride, 20 isopropylidene(cyclopentadienyl)
. (3,6-di-tegt-butylfluorenyl)zirconium dichloride, .

R™ iscprbpfiders(@tlopefitadidrgylpydrocarbon groups, methyl group,
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,

chlppepmiéy eatmiRiopentadegaivorenyizicpriinyB6ugichloeder opy 1
dibutylmethylene(cyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium

gr¥ien|oride R Bibug Aty dretbydioestadianyl)t -butyl group, n-pentyl
(3,6-di-tert-butylfluorenyl)zirconium dichloride, 5 _

9T YButfieHARERECydBptRadienyhohexyl group, cycloheptyl group,
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,

PhegrloR&MBent (cyelapkraadiapy Beid ape g ziicaniumpdichéonides Ferabl e ,
cyclohexylidene(cyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium

andgipidiide, AeRlokddtidensicinidpentatienyl) butyl group, n-pentyl
(3,6-di-tert-butylfluorenyl)zirconium dichloride,

ITOYR|ISHEkyRIETS by dopetadiepyParticularly preferred.

[O1goacjta-methyloctahydridodibenzoﬂuorenyl)zirconium dichloride,

In Formula [16], A’ is a C2-20 divalent hydrocarbon group
which may have an unsaturated bond, and ¥ and A’ together form
a ring such as l-gsilacyclopentylidene group. In the
specification, the l-silacyclopentylidene group is
represented by Formula [17] below:

[0194]

e [17]
{0195]

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

A’ may have two or more ring structures inclusive of the
riﬁg formed by A’ and Y,

[0196]
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dimethylsilyl(cyclopentadienyl)(fluorenyl) zirconium 15 dichloride,
dimethylsilyl(cyclopentadienyl) (2,7-di-tert-butylfluorenyl)zirconium
dichloride, dimethylsilyl(cyclopentadienyl)
(3,6-di-tert-butylfluorenyl)zirconium dichloride and
dimethylsilyl(cyclopentadienyl) 20
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride. [0203]
Specific examples of the metallocene compounds in which neighboring

grobip8 EFGTRPFE RIR E0LN P ERIoBEAdidHYH HAG 87 14Fd FRRET OUPS |

together to form an indenyl ring or a substituted indenyl ring include

subsdargfidenelindEm) FECTRT) Arcohiuhv8RRIGHEBPS -

isopropylidene(indenyl) (2,7-di-tert-butylfluorenyl)zirconium dichloride, 5
halogsfomideneirden s st rerBiRyRGore e CARBARMT BRAILITRS,
isopropylidene(indenyl) o ,
subg sdthHiedity RELARAERBIRD MRTRFI ARBRILAT DichiditRg a1kylidene
cyclohex Iidene(indenyl)(guoren [)zirconium dichloride, o
ITORRE|SRKYITaRNE (R 40 @?ﬁ‘?—‘ﬁeﬁ%ﬁﬁﬂuB%ﬁH&SHEWBEEHBéﬁg
cyclohexylidene(indenyl)(3,6-di-tert-butylfluorenyl) zirconium dichloride,
grox@a(ﬁ,{é%}ﬁaéﬁgﬁﬁdmtalnlng silicon-containing groups, with
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,

carbRRsFORAFILRABABERIPENSH A E5H CRERCIIBRGE ik ng carbon groups

dimethylsilyl(indenyl)
being particulariy preferable.

[0197]

The letter X independently at each occcurrence is a group
selected from a hydrogen atom,'halogen atoms, hydrocarbon
groupé, halogen-containing hydrocarbon groups,
silicon~containing groups, oxygen-containing groups,
sulfur-containing groups, nitrogen—containing groups and
phosphorus-containing groﬁps. Of thesé, halogen atoms and
hydrocarbon groups are preferable. Examples of the halogen
atoms incliude fluorine, chlorine, bromine and iodine.
Examples of the hydrocarbon groups, the halogen-containing
hydrocafbon groups, the silicon-containing groups, the
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
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(2,7-di-tert-butylfluorenyl)zirconium dichloride,
dimethylsilyl(indenyl)(3,6-di-tert-butylfluorenyl) zirconium dichloride and
dimethylsilyl(indenyl) (octamethyloctahydridodibenzofluorenyl)zirconium
dichloride. 20 In the invention, two or more differing kinds of the
metallocene compounds representgﬁ by Formula [14] may be used
without limitation. [0204] The bridged metallocene compounds
represented by Formula 88 [14] are disclosed in WO 01/27124. [0205]

ha@Sﬁboﬁ@ﬁt‘é%@{'@ﬁ)@@ansmetalﬁcmpmund&mmeﬁeﬁ@d@bups, the
Formulae 5 [18], [19] and [203; (c-2) organoaluminum oxy-compounds;

nitHQERDAFESHIPSIRdEtE Puge withthdoamporenis dAnand; RdafM tne

an ion pair. The compounds (c-i) may be those compounds disclosed in

pair. The compa y P
SUl B IPGRREIISITD ANPEPST74065 Alieedtythe present applisaNlgroups

[0206] Of the organometallic compounds (c-i) represented by Formulae
the[lﬁ},J{}szmgt,athns@giagmglﬁmmutazﬂ%amnmfeﬁabi%:ﬁ&q(}hfﬁg

examples of such compounds include 15 trialkylaluminums such as
ITOinTetAPRI iR Ukl ety admiug gtrisopsopyldusing®, by R to R2°,

triigobutylaluminum, trihexylaluminum, trioctylaluminum and
andyR2 ey IfexyRR¥mPpRIginilar to those represented by R' to R?
in Formula [1] _wit:hout limitation. The atoms and the groups
indicated by X may be similar to those represented by X in
Formula [1] without limitation. 1In an embodiment, at least cne
pair of neighboring groups among R*’ to R2® on the
cyclopentadienyl ring may be linked together to form a ring,
and consequently a ring structure such as an indenyl group,
a substituted indenyl group, a fluorenyl group or a substituted
fluorenyl group may be formed. In another embodiment, at least
one pair of neighboring groups among R* to R?° on the fluorenyl
ring may be linked together to form a ring, and consequently
a ring structure such as a benzofluorenyl group, a
dibenzofluorenyl group, an octahydrodibenzofluorenyl group or
an octamethyloctahydrodibenzofluorenyl group may be formed.
[0199]

In a preferred embodiment of the above substituent groups,

R' to R®° 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
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dialkylaluminum halides such as dimethylaluminum chloride,
diethylaluminum chloride, diisopropylaluminum chloride, 20
diisobutylaluminum chloride and dimethylaluminum bromide;
alkylaluminum sesquihalides such as methylaluminum sesquichloride,
ethylaluminum sesquichloride, isop?@pylaluminum sesquichloride,
butylaluminum sesquichloride and ethylaluminum sesquibromide;
alkylaluminum 89 dihalides such as methylaluminum dichloride,
formiAarANALNCERBIGRIEZ FSbbrGRARYMIsFR BRhRFidRRand
ethylaluminum dibromide; alkylaluminum hydrides such as
oct R AAGRtA aRtHR: et atfiNdm $yaHge, In a preferred
dihydrophenylaluminum 5 hydride, diisopropylaluminum hydride,
emb L HmSRYlal dniriin SR/RiRS diiddtRmy 1 AR R Ay BRGe ST OUPS
diisohexylaluminum hydride, diphenylaluminum hydride, _
subsfidyeifirskydtinig YRS GReehétyARARRUGT AYSTISaKgng 1 to
di-sec-nonylaluminum hydride; and dialkylaluminum alkoxides 10 such as
20 GAfefiyIAGRTHUM 2tbxide; SRy RRMRR LR &GI8 RS - When the
_ diisopropylaluminum methoxide and diisobutylaluminum ethoxide. (0207]
br i GgRAESAPORTRIH K G88d iy “oefie SRdFd kintR 18T RAPReand
used in combination. [0208] Preferred organoaluminum oxy-compounds

the (pn)dgd nduAHIRNeS prepitba R tRuGAdatiimg grat ively

tricycloalkylaluminums. In particular, organoaluminum , .
preverts an increase in molecular weight and permits reducing

the amount of hydrogen required for molecular weight control,
whereby it is expected that the component (2) affords an
increased amount of macromonomers and the number of long-chain
branches is increased.

[0200]

Specific examples of the Group IV metallocene compounds
represented by Formula {14] are given below but are not limited
thereto:

{0201]

isopropylidene (cyclopentadienyl) (fluorenyl) zirconium
dichloride, istropylidéne(cyclopentadienyl)
(2,7—di—tert—butylfluorenyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)
(3,6-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)

{ociamethyloctahydridodibenzoﬁluorenyl)zirconium dichloride,
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20 oxy-compounds prepared from trimethylaluminum or
triisobutylaluminum are preferable. The organoaluminum oxy-compounds
may be used singly, or two or more kinds may be used in combination.
[0209] 90 Examples of the compounds (c-4) capable of reacting with the
component (A) and the component (B) to form an ion pair include Lewis
acids, ionic compounds, borane compounds and carborane compounds
as described in JP-A-HOI-501950, 5 JP-A-HO0I-502036, JP-A-H03-179005,

dibjalmeshvbens, ( IPCA$1831 20 RIS IPH 4108207304, 20EddSi um
~ Patent No. 5,321,106. Heteropoly compounds and isopoly compounds
d1GRag¥dISe bedihplbyddieTtiesbann{yuridsgraay b 1sed without
limitation. 10 [0210) When the olef in polymerization catalyst of the
(2.,jAvEHtiore 7 netk wheiherrityan piganoaiuminaicexysedmpound such
as methylaluminoxane as a cocatalyst component, the catalyst shows

d1ibydry Wit boly arsitansr ap@ityddd elef i compounds. 15 Further, an
organoaluminum oxy-compound reacts with the active hydrogen in the
(3. $oifficarast dpatydditneardeydomponenti cantdibing theicnsatalyst
__component may be prepared easily. In view of these advantages, it is
d1bpisrdiaslenlipseethey efgppentundnemyaxy-compound (c-2) as component

(C). 20 [0211) Solid carriers (S) _
(OCtamethYlOCtahydridOdibenZOfluorenyl)zirconium dichloride,

diphenylmethylene(cyclopentadienyl)(fluorenyl)zirconium
dichloride, diphenylmethylene(cyclopentadienyl)
(2,7—di*tertubutylfluorenyl)zirconium dichloride,
diphenylmethylené(cyclopentadienyl)
(3,6—dintert~butylfluorenyl)zirconium dichloride,
diphenylmethylene(cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
cyclohexylidene(cyclopentadienyl)(fluorenyl)zirconium
dichloride, cyclohexylideéé(cyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
cyclohexylidene(cyclopentadienyl)
(3,6-di-tert-butylfluorenyl) zirconium dichloride,
cyclohexylidene (cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
phenylmethylmethylene(cyclopentadienyl)(fluorenyl)

zirconium dichioride,

phenylmethylmethylene(cyclopentadienyi)
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The solid carriers (S) will be described next. The solid carriers (S) may be
simply referred to as the components (S) [0212) 91 The solid carrier (S)
optionally used in the invention is an inorganic or organic compound in the
form of granular or fine particulate sglid. The components described
hereinabove are supported on the sotid carrier. 5 [0213] Examples of the
inorganic compounds and the organic compounds are as described
hereinabove, with the porous oxides and the ingrganic halides such as
{2, 7iﬁE}Pga‘hﬁ:"Eh"le&é@-6éiH8 X STaYer b 18T0 2] e o1gFih Fotymerization
catalysts of the invention may_be prepared as_described below. [0215] In
pheny fire BbYiHENT BREJISHT HORAReR/AtORY1S catalysts of the invention
may be prepared hy adding the components (A),.(B).and (C) to an inert

(3. Gnyfrol4rbbn B BY PEVHRIG RN &ytERTedtiaifing dPheR%ydrocarbon.

[0216] The components may be added in any order, but are 20 preferably
phe“é’cfd%ﬂ?ﬁ@@ﬁﬁﬁi&?ﬂ&éﬁyéél&’&%?ﬁﬁgJbee‘ﬂgo\}.si) The components are

added to_a polymerization Is:#g‘tem in.the order, cgf the com oneggu(:?)1 the,

(ocqﬁwﬁ&ﬂﬁ%ﬁﬁgfgmgﬁﬁgeg’ %ﬂéﬁﬁ&ggrenyl zirconium oride,

dimethylsilyl(cyclopentadienyl)(fluorenyl)zirconium
dichloride, dimethylsilyl {cyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
dimethylsilyl(cyc;opentadienyl)
(3,6-di-texrt-butylfluorenyl)zirconium dichloride,
dimethylsilyl {(cyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl) zirconium dichloride,
isopropylidene (3-tert-butylcyclopentadienyl) (£iluorenyl)
zirconium dichloride,

isopropylidene (3-tert-butylcyclopentadienyl)
(2,7—di—tertnbutylfluorenyl}zirconium dichloride,
isopropylidene (3-tert-butylcyclopentadienyl)
(3,6-di-tert-butylfluorenyl)zirconium dichloride,
isopropylidene (3-tert-butylcyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl) zirconium dichloride,
diphenylmethylene (3-tert-butylcyclopentadienyl)
(fluorenyl)zirconium dichloride,

diphenylmethylene (3-tert-butylcyclopentadienyl)

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



i0

15

20

i) The components are added to a polymerization system 92 in the order
of the component (C), the component (B) and the component (A). iii) The
component (A) and the component (C) are mixed and contacted together.
The contact product is added to a 5 polymerization system and thereafter
the component (B) is added to the polymerization system. iv) The
component (B) and the component (C) are mixed and contacted together.
_ The contact product is added to a polymerization system and thereafter
dinheRyhippHert (s Adted Lt hequiympkzatindisysten. v) The
component (C) is added to a polymerization system. The component (A)
(3 raﬁfcffh ecORtpdiEnt 1B ) aretnived Jandreontacted dbgather, iaks, the
. contact product is added to the polymerization system. 15 vi) The
d1 RhRRYORS S Bl agdEd toea polyntarization spsteme di theyarger of the
~ component (C), the component (A) and the component (B) The
(octssRBM IS Rhtrérdded Hdded afhimtoe thelpolymerizdtion Sysi@Moride,
vii) The components are added to a polymerization system 20 in the order -
CY SofheEBpRRat C); St campoientdBypad thei samyionent (A) . The
component (C) is thereafter added again to the polymerization system.
(£ LR ARy dormbBRERAEMY ahiiahd eomponent (C) are mixed and contacted

together, and the contact product is added to 93
cyclohexylldene(3~tert—butylcyclopentadienyl)

(2,7-di-tert-butylfluorenyl)zirconium dichloride,
cycloﬁexylidene(3~tert—butylcyclopeﬁtadienyl)
(3,6~di—tert—butylfluorenyl)zirconium dichloride,
cyclohexylidene(3—tert—butylcyclopentadienYl)
-(octamethy}octahydridodibenzofEuorenyl)zirconium dichloride,
phenylmethylmethylene(3“tert~butylcyclopentadienyl)
(fluorenyl) zirconium dichloride,
phenylmethylmethyiene(3»tert—butylcyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
phenylmethylmethylene(3-tert—butylcyclopentadienyl)
{3,6udi-tert—butylfluorenyl)zirconium dichloride,
phenylmethylmethylene(3—tert—butylcyclopentadienyl)
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
isopropylidene(3»tertnbuty1w5—methylcyclopentadienyl)
(flucrenyl)zircqnium dichloride,
isopropylidene(3~tert-butyl~5»methylcyclopentadienyl)

(2,7—di~tert—butylf1uorenyl)zirconium dichloride,
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a polymerization system. The component (B) is thereafter added to the
polymerization system, and the component (C) is added again to the
polymerization system. ix) The component (B) and the component (C) are
mixed and 5 contacted together, and the contact product is added to a
polymerization system. The compon&ht (A) is thereafter added to the
polymerization system, and the component (C) is added again to the

. polymerization system. x) The component (C) is added to

150R BB MEIFRACR SYSERT PYG T he ToRfiorshEy) prentadhiontht (B)
are mixed and contacted together, and the contact product is added to

(3, end pollyRickizabGy 1hSHME eTIHE ¢ BrhB6REAT) laddairagsn to the

. polymerization system. Of these, the addition sequences i), ii) and v) are

150R5RHAHSME preféREd. TOREYIn 2 Ssiohd craIsdiPRRE aRd eefih)
polymerization catalysts of the invention may be prepared by adding a

(oCeaG IaAIgSteErpsHcR Ay sapridl srTebid samreers and bohheride,

_components (C) and (A) , and a solid catalyst component (K2) formed of

diphe¥dRpedryierES) @nd Gletcdmbotents TNt @)ciraeerdienyl)
hydrocarbon or a polymerization system containing an inert hydrocarbon.

(E1yerea ol FhESRigtheishhag Bedrought into contact in‘any order, but

_are preferably contacted in exemplary orders as described
dlphenylmethylene(3—te;t—butyl—5—methylcyclopentadienyl)

(2,7~di~tert*butylfluorenyl)zirconium dichloride,
diphenylmethylene (3-tert-butyl-5-methylcyclopentadienyl)
(3,6~di~tert—butylfluorenyl)zirconium dichloride,
diphenylmethylene(3~tert~butyl~S—methchyclopentadienyl)
(cctamethyloctahydridodibenzofluorenyl) zirconium dichloride,
cyc;ohexylidene(3—tert—butyl—5~methy1cyclopentadienyl)
(flucrenyl) zirconium dichloride,
cyclohexylidene(3~tert~butyl»5*methylcyclopeﬁtadienyl)
(2,7-di-tert-butylfluorenyl)zirconium dichloride,
cyclohexylidene (3-tert-butyl-5-methyleyclopentadienyl)
(3,G—di—tertmbutylfluorenyl)zi:conium dichloride,
cyciohexylidene{3—tert—butyl—swmethylcyclopentadienyl}
(octamethyloctahydridodibenzofluorenyl)zirconium dichloride,
phenylmethylmethylene
(3—tert-butyl~5*methylcyclopentadienyl)(fluorenyl)
zirconium dichloride, phenylmethylmethylene

(3-tert-butyl-5-methylcyclopentadienyl)
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below. xi) The component (C) is contacted with the component (S) 5 and
then with the component (A) to form a solid catalyst component (K1).
Separately, the component (C) is contacted with the component (S) and
then with the component (B) to form_a solid catalyst component (K2)
These catalyst components are used in polymerization. 10 xii) The
component (A) is contacted with the component (C) and then with the
component (S) to form a solid catalyst component (KI) . Separately, the

(2, 8drﬁﬁdﬁ@rﬁf(5g’i€té’érﬁ&&@€eW}(ﬁ e esppdrantdtyahdrhide with the
component (S) to form a solid catalyst component (K2) These catalyst

PhegyhPsAdnismee M5 686 in polymerization. xiii) The component (C) is
contacted with the component (S) and then with a contact product

(3 - h&feehUhE toRTpurehY (oY aAOBRN E6BPEMert)(C) to form a solid
catalyst component (KI). Separately, the component (C) is contacted with

(3 fiefdonhsdtiertwbvss BaatRey With i eomacmprédadtisaniden the
component (B) and the component (C) to form a solid catalyst component

phepyimefbad Bt 88Mponents are used in polymerization. xiv) The
component (i:) Is contacted with the component (S), then with the

(3 - ESfbohetR) 2raehbEhREr AgRRMHERERmSL tomponent (C) to form a
solid catal}x\/gt component (K1). Separately, the component (C) is

\OCEAEERANIRT Yot Bedre ) chbhariEing cormesTentBldnd Lo ide,
thereafter again with the component (C) to form a solid catalyst

andC&thﬁ i 2§qm@ggnds, dialkyl compounds, diaralkyl

compounds, disilyl compounds, dialkoxy compounds, dithiol

compounds, disulfonic acid compounds, diamino compounds and

diphosphine compounds of the above metallocene compounds, and

compounds"dorresponding to the above metallocene compounds

except that the central metal is replaced by titanium or

hafnium,.

{0202]

- Of the above metallocene cbmpounds, preferred are
isopropylidene(cyclopentadienyl)(fluorenyl)zirconium
dichloride, isopropylidene (cyclopentadienyl)
(2,7-di-tert-butylfluorenyl)zirconium diéhloride,
isopropylidene (cyclopentadienyl)
(3,6—di—tert—butylfluorenyl)zirconium dichloride,
isopropylidene (cyclopentadienyl)

(octamethyloctahydridodibenzbfluorenyl)zirconium dichloride,

dibutylmethylene(cyclopentadienyl)(fluorenyl)zirconium
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5 catalyst components are used in polymerization. Of these, the contact
sequences xi) and xiii) are particularly preferred. [0219] In a third
embodiment, the olefin polymerization 10 catalysts (K3) of the invention
may be prepared by contacting the component (A), the component (B),
the component (C) and the solid cathier (S) in an inert hydrocarbon.
[0220] The components may be brought into contact in any order, 15 but
__are preferably contacted in exemplary orders as described below. xv) The
diclekpipcent (PR THikEE B GRHEGIF MRTRE AbhTEBient (C) The
contact mixture is brought into contact with the component (A) and then
(2, Tyith meccompotiant £8P erti T EGAPOHEM IS FIsHAkedSand
__contacted with the component (C) . The-contact mixture is brought into
A1 biEAARE BRIt BREGHFORBIRTY BT 2hETHEN with the component (A). xvii)
The component (S) is mixed and contacted with the_component (C). The
(3, &ofhiack FRiktuPa HYRERTY LRASCSE- WA £ LGRRBEMR&ure of the
. components (A) and (B). xviii) The component (A) is mixed and contacted
dlb%ﬁ?fﬁ%twﬂﬁﬁﬁﬁéﬁty(%%m%ﬁw ikture is brought into contact with
the component (C) and then with the_.component (S). 5 xix) The

(oCtRTidHEhP ESRE LORERd- RAR TRe LOMpoRs (eﬁﬂ’a%ﬁﬁt&l&%&ﬁ&def

is brought into contact with the . )
cyclohexylidene (cyclopentadienyl) (flucrenyl) zirconium

dichlioride, gyclohexylidene(cyclopentadienyl)
(2,7-di-tert-butylfluorenyl}zirconium dichloridef
cyclohexylidene(c?clopentadienyl)
(3,6-di-tert-butylflucorenyl)zirconium dichloride,
cyclohexylidene (cyclopentadienyl)

(octamethyloctahydridodibenzofluorenyl) zirconium dichloride,

dimethylsilyl (cyclopentadienyl) (fluorenyl) zirconium

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

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

. dimethylsilyl (cyclopentadienyl)

{octamethyloctahydridodibenzofluorenyl) zirconium
dichloride.
[6203]

Specific examples of the metallocene compounds in which

neighboring groups among R’ to R*® on the cyclopentadienyl ring
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component (C), then with the component (A) and the component (B) . xx)
The component (S) is contacted with the component (C) . 10 The contact
product is brought into contact with the component (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 component (C) and then with a contact mixture of the
components 15 (A) and (B). xxii) The component (S) is mixed and
arecdritadted withotieheompontot (CrnThe: GeRtact mdduresis ROUGRLING. 1t ag
contact with a contact mixture of the components (A), (B) and (C). XXIII)
indpmy dompogent(S) isimixesbanbperliaatedaiiniienz0 CoMNanLeak
The contact mixture is brought into contact with a contact mixture o the
Z1366?1%5@%@3G&)lami@é),anm&mwthiheﬁempﬁa@ﬂty@) xxiv) The
component (S) is mixed and contacted with the component (C) The
(2, dorftdcttmirturbus pidlight irto gbhtart 83nwithacostacs prigre of the
components (B) and (C) and then with the component (A). xxv) The
1sopsinpyAdntgs} isicoteasted (Bithetheicorepanenh (&) FThe gapact product
is brought into contact with the 5 component (C) , then with a contact

21 ARRiRTortheltbapobents @pambiE) Phenuti a eeRiAC) mixture of the
components (B) and (C). xxvi) The component (S) is contacted with the
ocgamgghmﬁpctahydrldodlbenzofluorenyl)zxrconzum dichloride,
cyclohexylldene(lndenyl)(fluQrenyl)21rcon1um dichloride,
cyclohexylidene (indenyl)
(2,7~di—tert—butylf1uorenyl)zirconium dichlorige,

cyclohexylidene(indenyl)(3,6—di~tert~buty1fluorenyl)

zirconium dichloride, cyclohexylidene(indenyl)

'(octamethyloctahydridodibenzof1uorenyl)zirconium dichloride,

dimethylsilyl(indenyl){fluorenyl)ziréonium dichloride,
dimethylsilyl(indenyl}

(2,7-di—tert—butylfluorenyl}zirconium dichloride,
dimethylsilyl(indenyl)(3,6~dimtertwbuty1f1uorenyl)
zirconium dichloride and dimethylsilyl (indenyl)
(octamethyloctahydridodibenéofluorenyl)zirconiﬁm dichloride.
In the invention, two or more differing kinds of the metallocéne
compounds represented by Fo;mula [14] may be used without
limitation.

[0204]

The bridged metallocene compeounds represeﬁted by Formula



(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 is brought into
contact with the 15 component (C) $id 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
[14]mEfedd gretrBRghtinicAtéedi#t a contact product 20 of the
components (S) and (C). xxix) A mixture of the components (A) and (C)
[02 a mixture of the components (B) and (C) are mixed together. The
mixture is then brought into contact with a contact product obtained by
i component (S) and the component (C) and 98 contacting
the resultant contact product with the component (C). When a plurality of
the (SmpoRdiBRETarPaded tROTRANPGTetS RERFEY TRy fig bRl ae
different from one another. 5 Of these contact sequences, the sequences
5 [18kw), h&A x@D0dB Hxiii) and xxiv) are preferable, and the sequences xvii)
and x>g2 are more preferable. [0221] In the exemplary contact sequences
destFibed RRIHRL 1B SRIT (I WhRATREHAES coritBeting the

components (S) and (C), .
(c-4) compounds that react with the components (A) and

Com

{(B) to form an ion pair.
The compounds {c-1) may be those compounds disclosed in

10 JP-A-H11-315109 and EPO874005A filed by the present applicant.
[0206]

Of the organometallic compounds (c-1) represented by
Formulae ([18], [19]} and [20], those having Formula [18] are
preferable. Specific examples of such compounds include

15 trialkylaluminumssuchastzimethylaluminum,triethylaluminum,
triisopropylaluminum, triiscbutylaluminum, trihexylaluminum,
trioctylaluminum énd tri-2-ethylhexylaluminum;
dialkylaluminum halides such as dimethylaluminum chloride,
diethylaluminum chloride, diisopropylaluminum chloride,

20 diiscbutylaluminum chloride and dimethylaluminum bromide;
alkylaluminum sesguihalides such as methylaluminum
sesguichloride, ethylaluminum sesguichloride,
isopropylaluminum sesquichloriae, butylaluminum

sesquichloride and ethylaluminum sesquibromide; alkylaluminum
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the step (P2) which includes contacting the components (S) and (A), the

step (P3) which includes contacting the components (S) and (B), and the

step which includes contacting the components (S), (A) and (B) may be

performed in the presence 15 of at least one component (G) selected from

polyalkylene oxide blocks (g-1), hig{f'?er 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

dihgréderse sthl comportents (Glinbibiis the tonling 09609 2009€ 21 umi num

polymerization and improves particle properties of the obtainable

diggelpmérs Otitherormpphehtsr(Giuty-ak <52 (6r8) 8t (G AR 1 uminum
preferable, and (g-1) and (g-2) are particularly preferable. [0222] 99 The

dibgutdits used iy el preparationyef:the sslics caialysCIRRREALS INGIHIS, um
inert hydrocarbon solvents, and in detail aliphatic hydrocarbons such as

hydgrbpane dbetahe ] péntaneuinesgn; iplane: ReAspdesans, fodeqane

and kerosine; 5 alicyclic hydrocarbons such as cyclepentane, cyclohexane

hydgidemethiicyelopentaha] andimatic hydioeadons sueh 88 DENZERG: num
toluene and xylene; halogenated hydrocarbons such as ethylene chloride,

hyda%@ﬁﬁxﬁ&éﬁ@bhdxmﬁﬁ@mmmﬂhaM¥dﬁKH@VUHQQ@6HE%¥iaKuminum
hydrocarbons. 10 [0223] When the component (C) and the component (S)
hy dgreisroudhptiemycontat togethéry thel teactian sije in-the:gpranenent (&)
hydride, di-sec-heptylaluminum hydride and
di-sec-nonylaluminum hydride; and dialkylaluminum alkoxides
such as dimethylaluminum ethoxide, diethylaluminum ethoxide,
diisopropylaluminum methoxide and diisobutylaluminum
ethoxide.
[0207]

These compounds may be usad*singly, Or two or more kinds
may be used in combination.
[0208]

Preferred organcaluminum oXy-compounds (c-2} are
aluminoxanes prepared from triaikylaluminums or
tricycloalkylaluminums. In particular, crganocaluminum
OxXy~compounds prepéred from trimethylaluminum or
triiscbutylaluminum are preferable. The organoaluminum
oxXy-compounds may be used singly, or two or mére kinds méy be

used in combination.

[0209]
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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, and preferably

0 to 10 hours. The contact temperature is usually in the range of -50 to

200C, and preferably -20 to 120C. If the initial contact between the 20

components (C) and (S) takes place precipitously, the reaction heat or .

redCtioRRHRFgS %r’éﬁﬁs?ﬁ@?BﬁB@ﬁeﬁF(ﬁetoc@ﬁ@Qae QérehioRsthgne with

- morphology of the obtajnable solid catalyst component. The use of such .

the GHRBGEHR M PO R alidt WiPTESHER ifficdit &onthtolsBpet o+
~_due to bad morphology 100 of the polymey. Thys, the initial contact, of the
incItpdfe (€9 408 (S RARIGIS e med oF 2riow SEMpRIatare 6P

-20 to 30C to avoid_the generation, of reaction heat. In anotherénreferred

S

CarhaRBRGinfeERREEEN iE TAMTetPSt at's & fate Which pérmits”

32~ R ETAGE reten B ATRATRARA R SRpl) 5 CaSes R the.

components (C) and (S) are contacted to etaer and the contact 1\choduct

SR PRI U R B T
ing th d (9), ! C)/ S)),.
5.3 hay B8 ScIERE0 SRR aEEIT P PR P R 6 B er 1Y

amounts of the compgnents (A) and (B) that can be contacted with the
2189 R EPrIRIE resdifiig ﬁ:\‘%ﬁ? \9&%1 ééti\%@%f T bt

component.

. limitation.

[06210]

When the olefin polymerization catalyst of the invention
is used together with an organoaluminum oxy-compound such as
methylaluminoxane as a cocatalyst component, the catalyst
shows very high polymerization activity for olefin.compounds.
Further,anorganoaluminumcmyucompcundreactswiththeactive
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 thé
organoaluﬁinum oxy-compound (c-2) as component (C).

(o211}

Solid carriers (8)

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

[0z212]
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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 preferably 0.4 to 2.0.
20 [0225] The contact of the contact product of the components (C) and
(S) with the component (A) and the g mponent (B) is usually carried out
for O to 5 hours, preferably 0 to 2 hours, and at -50 to 200C, preferably
-50 tQ 100C, The contact amounts of 101 the components (A) and (B) are
g reéﬂ@ed gﬁérfo% it DRTAE kint AngRin oot that 86 pbRe Rt IR RE T 1on
1o GBSE, of the comFgonent (c-i), the components are used in amounts such
S At M fat (I FR bF tCERRB et tc- 4 fo APER fdngfene lar
g\etal atoms (M) jn the component %‘A) and the component (B) is generally
T S rBRgE FBTATS 130! 680, antProRTEHREEBES 1156 BBH PRGhe
naySaSe f the component (c-2), the components are used in amounts such
FEt oI 15108 TREIF AT oPthet BRifimdrhcatB AR $%e component
{029(:3- ) to all the transition 10 metal atoms (M) in the component (A) and the
component (B) is generally in the range of 10 to 500,000, and preferably
20 tg 100,000. In_the case of the component (c-3), the components are
used TR EROtMtS Sudihat BRFSBIH FafS RS DrIRE dohfoedrnic
c-3) to all the transition metal atoms (M) in the 15 component (A) and the

om0y 101 Ehd B RAE 8 des

The ratjo of the compone :
and Qge inorganic %algges such as inorganic chlorides being

preferable.

- [0214]

- The olefin polymerization catalysts of the invention may
be prepared as described below.
[0215]

In a first embodiment, the olefin polymerization
catalysts of the invention may be prepared by adding the
components (&), (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
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
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(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 spectrometry. 20 [0226] The quantitative ratio of the
component (A) and the componentéB) may be determined appropriately
depending on the desired molecula %veight and molecular weight
distribution of the polyolefin. In a preferred embodiment, the ratio of a 102

. polymer afforded by the component A%)and a polymer by the component

in YRS CBARNINT bf BB@rﬁé%“&?ﬁﬁ&é’&b;E% mporent IBP PRGNt G it e
afforded by component (B) ] is in the range of 40/60 to 95/5, preferably

COMBHRRT o ;and particularly 5 preferably 60/40 to 95/5. Herein, it is

preferable that the amount of polymers afforded by the component (A) is

larget* )era&sé?m@e&ﬁﬁanégﬂmﬁ%@ﬁaemm&s Bnd & Rfgar xed

amount of such macromonomers is more advantageous in the formation

and f IHEAA bFARFEREFhe MBRr FRRT6the Hﬁ%%dbn’eﬁtsa%%dt@) a
in terms of the transition metal compound is not limited as long as the

POL RBYE FAtfo BPpBK e aRTSlINE S tis fiddE PReTINB PRE be affe'le%,ﬁe\(f}é“’iEd
appropriately depending on the ratio of activities exhibited by each of the

£o Lhfd BRI BbATHOhRRISSSRARBd by bringing the contact 15 product of
the components (S) and (C) into contact with the component (A) or the :
con%afdngﬁﬁ(é)?wg%aﬁownéaﬂ POl fErEBAGIRRY by thé Esnpctmand

A) and (B) ma%/ be determined based on the_peak separation as will be
con ggm?eotoge her. The contact product is added to a

polymerization system and thereafter the component (B) is added
to the polymerization system.

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

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

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

and contacted together, and the contact product is added to
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later. 20 [0227] Olefin polymerization processes using olefin
polymerization catalysts (a) or olefin polymerization catalysts (b) The
solid catalyst components as described hereinabove may be used directly
to catalyze (co) polymerization of ol%ins. 103 Alternatively, an olefin may
be prepolymerized with the solid catalyst component to give a
prepolymerized solid catalyst component. [0228] 5 The prepolymerized
solid catalyst component may be prepared by prepolymerizing an olefin in

2 PYHEPRESARE MY SERT catdifst ESHBORER FusBAIRSH-& TRAE ter added

hydrocarbon solvent. The prepolymerization may be performed by any

to Eg&e%%éé”%ﬁéﬁ 28'bHteh ProteSles, At BRMITIRPIBEESSES) 10-8r added
continuous processes, under any pressure conditions such as reduced

293 i Sl Hormar BrRREdAAGHiRBr B8 Pressure. In a preferred
embodiment of the prepolymerization, the prepolymerized solid catalyst
compbhemSs SoRREGfFin EhnoRe GtF02 B RODERE pEferably Bixed and
800 g, and more preferably 15 0.2 to 500 g per 1 g of the solid catalyst

conEaMhEAe P IB556FIn &P8mbBEINSSR e prEpIgietizéé sardiesalat 2
component formed in the inert hydrocarbon solvent may be separated

PO L i theXubPRSIH 4Tt reSUkhEiRIBBGR 3R A RJ FyBRsEssdFsavaAded

and an glefin may be fed to the suspension
to the polymeriZation system, and the component (C) is added

again to the polymerization system.

x) The component (C) is added to a polymerization system.
The component (A) and.the component (B) are mixed and contacted
together, and the contact product is added to the polymerization
systemQ The component (C) isaddedagain2xathapolymerization
system.

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

[0217]

In a second embddiment, the olefin polymerization
catalysts of the invention may be prepared by adding a solid
catalyst component (K1) formed of the solid carrier (8) and
the components (C) and (&), and a solid catalyst compbnent (K2)
formed of the solid carrier (8) and the components (C) and (B)
to an inert hydrocarbon or a polymerization system containing
an inert hydrocarbon.

[0218]
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obtained or may be fed after the suspension is dried. [02303 The
prepolymerization temperature may be in the range of -20 to 80C,
preferably 0 to 60C, and the prepolymerization 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 &t olefin to be used in the
polymerization as will be described later. Preferably, the olefin used in the
5 prepolymerization is an olefin based on ethylene. [0231] The solid
catr’é}}%t%8%%@H§d@§é’ri@é’d%?é%ﬁ§t§o\}é1¥ﬁf%qﬁ%ﬁ RRY order,
prepolymerization without limitation. Where necessary, the component
but @yamRY bRl AR RFtadal ToHrFIRARSAIURT G T AfipdaRG TR Y
represented by Formula (lll) may be preferably used. When the
bel%mponent (C) is used, the molar ratio of the aluminum atoms (AI-C) in
the component (C) to the transjtion metal compound, (component

(CYfttnSHENC BRI TS G}, SRS VSRHRE A GE S 1BMRIBER Bl
15 preferably 0.5 to 5,000. [0232] The concentration of the solid catalyst

and depfgorihidinthe FRIPORMRETZaldh syStehf Flnfely théSofid EaRYRE
components/ liter of polymerization volume, is usually in the 20 range of 1

compgnend gfkldnd dESPATIF 1B4Y 506 RoIACHRR RpokMertAatoRThay Fed

__be carried out in the presence of the component (G) to inhibit fouling or to
Wlthﬂﬁﬂﬁvéfﬁﬂﬂﬂ?nt {8) and then with the component (B} to form

a solid catalyst componeﬁt (K2) . These catalyst components are
used in polymerization. |

.xii) The component (A) is contacted with the component
(C) and then with the. component (8) to form a solid catalyst
component (K1). Separately, the component (B) is. contacted
with the component (C) and then with the component (S) to form
a solid catalyst component {K2). These catalyst components are
used in polymerization.

xiii) The component (C) is contacted with the component
() and then with a contact product between the component (A)
and the componen{'. {C) to form a solid catalyst component (K1).
Separately, the component (C) is contacted with the. component
{8} and then with a contéct product between the component (B)
and the clomponent (C) to form a so}.id catalyst component (K2).
These catalyst components are used in polymerization.

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

(8}, then with the component (A} and thereafter again with the
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properties. [0233] 105 The component (G) may be generally mixed and
contacted with the solid catalyst components at a temperature similar to
the prepolymerization temperature. The amount thereof based on 100
parts by weight of the solid catalyst components S is in the range of 0.1 to
. 20 parts by weight, preferably 0.3 830 parts by weight, and more
preferably 0.4 to 5 parts by weight. [0234] In order to improve flowability
of the prepolymerized 10 catalyst components or to inhibit the occurrence
COMENER §pdt ) sHeetifg o polyandrislik duriy the palymerizationthe
prepolymerized catalyst components produced by the prepolymerization
SepREs belobnthBR WP ETeBsmpBhehs (Girt dkis @ase; the eampesepbnent
(G) is preferably (g-1), (g-2), (g-3) 15 or (g-4), and is particularly preferably
(8) (g-4 18R (Y251 [P35 FPRe anevd nfiRkingloohtabewith fhe compone i {Ghis he
usually carried out at -50 to 50C, preferably -20 to 50C, and for 1 to 1000
COmPIRAES, dietfelsdIy S1® 60G mlivtes 226 [0236] Mhethensolickeatalysthe se
components are mixed and contacted with the component (G), the
catadponEREYISBESD ai anterrdurirof 0ol ior@a pars bynueight,
preferably 0.3 to 10 parts by weight, and more preferably 0.4 to 5 parts by
vwﬂ@% these, the contact sequences xi) and xiii) are

particularly preferred.
[0219]

In a third embodiment, the olefin polymerization
catalysts (K3) of the invention may be prepared by contacting
the component (A), the component {B), the component (C) and
the solid carrier (8) in an inert hydrocarbon.

[0220]

The components may be brought into contact in any order,
but are preferably‘cdntacted in exemplaryrorders as described
below.

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

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

xvii} The component (85'is mixed and contacted with the

component {C). The contact mixture is brought into contact
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106 based on 100 parts by weight of the solid catalyst components.
[02371 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 églvents are as described
hereinabove. [02381 The prepolymeérized 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
withyRpGRfte zedEydToipdrient RO AHEd Sher dHE 1B -
prepolymerized catalyst component is separated from the hydrqocarbon
dish&isidn n?@tﬁuﬁ?ﬁ‘ﬁ%?@%ar%ae,lfﬁtéﬁﬁbefﬂea’%f}sﬁt@%afﬁéf@[ﬁ' the
The prepolymerized catalyst components may be dried under a stream of
companah ofY at a THip SRR bt HIdHE Ghar76E CRAR prafar bl TR iR T
~_range of 20 to 50C. The dried _prepolymerized catalyst componen}
Wil t%r@?é?aﬁ@%%’he%atflg 2RO p&FEhtEbhibnt BantOmBPélﬁﬁE 2§ wtos,
and preferably not more than 1.0 wt%. A lower vqlatile component
corftfit inthe ARBR PRGTbTynErized cﬁfﬁﬂfs‘?%&ﬁ%oﬁéﬁ s TGS omponent
preferable. The lower limit thereof is not particularly limited, but is

(€} prabhEal BB E WiHF THeThyih thie deRendLoP ey fgtLd7 t8 the

temperature or the like, put is usually in the ran f3to '
compone‘e)nt {(C), then wnpth the cgmponent g?.zﬁ and the component

(B) .

~ xx) The component (8) is contacted with the component. (C).
Thé éontact product is brought inte contact with the component
(C), then with the component. (B} and the component (&).

xxi) The component (S) is contacted with the component
(C). The contact product is brought into contact with the
component (C) and then with a contact mixture of the components
(A} and {B).

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

¥xiii) The component (S) is mixed and contacted with the
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 (8) is mixed and contacted with the

component (C). The contact mixture is brought into contact
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8 hours. [0240] If the volatile component content in the dried 5
prepolymerized catalyst component exceeds 2.0 wt%, the dried
prepolymerized catalyst component shows lower flowability and may not
be supplied stably to a polymerization reactor. The angle of repose of the
dried prepolymerized catalyst compBFlent 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,
witheR fleRRBARE onfretaiieel prepdiymednpd natatyst campanent is) lawandhen
. the component may not be supplied stably to a polymerization reactor. 15
w1t oRhpTRevBRERCONBONENt content in the dried prepolymerized
catalyst component may be determined by a weight loss method or gas
chroffatbgFaishy= POB42) €26 In( § Wweightioss methet whe Hricde component
prepolymerized catalyst component is heated at 110C for 1 hourinan
(c) inerf Yasfeapheeratitte resultantvedight iassHs abiained ifvi th the
percentage relative to the weight of the dried prepolymerized catalyst
compSmBBRelBefofditie Wédtng 1080 {0243 a gasehs@metegrapibonent s

method, volatile components such as hydrocarbons are extracted from
(A) tRE8rid& brégelyiwibtize@ contact mixture of the components (B)

and (C).

xxvi) The component (S) is contacted with the component
(C). The contact product is brought into contact with the
component (C), then with a contact mixture of the components
(B} and (C) and with a contact xﬁixture of the components (a)
and (C).

xxvii) The component (S) is contacted with the component
{C). The contact product is brought into contact with the
component (C) and with a contact mixture of the components (A),
{B) and (Q).

¥xviii} 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 contact with a contact product
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 (S} and the component (C} and
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catalyst component, a calibration curve is drawn according to 5 an internal
standard method, and the volatile component content is determined in
wt% from the GC area. [0244] In the determination of the volatile
component content of the dried prepplymerized 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
contac%e and‘;{%ga% C%mfnato ra§1¥tac gtho f%%%%@tegiﬁ’m?%@& ¥:% lc?nent
comporent conten ried prepolymerized catalyst component’i
approxmately 1 wt% or less. 15 [0245] Examples of the inert gases used
‘for the drying of the prepolymerized catalyst components include nitrogen
dag, Q900 gas,and peon gas ndhedigitases, 1t frfeatablg Liad Nene
oxygen cShdentration | not more “than ppm, preferably not 20 more
an 10 mare preferably not mg &% 1 C;lqe el ot h
COmE onefuer%:téO moPe?ﬂ % R fEera yn T T T more.

pm prefe ot more than 10 ppm, more

(C)

of (Higlerably t;g%{:?;se LR Ppm- ILh t cggen%%@%?m%@? theyiyy,

‘ water con e inert gas excee ove ranges, the ole

xxii O|y2r;£nxe{llz.fa.slon thlti/qut Pelg%e%re%ga rfg()l S.HE gr(‘saéalxéhces xvii)

components may egreaty d tenorate [0246] The dried

prepelymerized ca aI ts for olefin- 5 polymerization according
and }fﬁ'e ?/nventlon %a%/e)%xceggpggfg

f0221]

In the exemplary contact sequences described above, the

step (P1) which includes contacting the components (§) and (C}),

the step {P2) which includes contacting the components (8) and
(A), the step (P3) which includes contacting the components
{8) and (B), and the step which includes contacting the
components (8), (A) and (B) may be performed in the presence
of at least one component (G) selected fronlpolyalkyiene oxide
blocks (g—z), higher aliphatic amides (g-2), polyalkylene
oxides {g-3), polvalkylene 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
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]
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flowability and can be stably supplied to a polymerization reactor. Since
the solvent used to suspend the catalyst component has been removed
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 actbrding to 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 olefin
polyRiesizmibnegztalyst eldscrihecchpreipabere: Jhe ethylenes POl BSISINy «
the invention contain ethylene at not less than 10 mol% in the polymer.
compongn e lhrthé inientivar thengalymeszakion ewy-heneasriedQut by aRY 511
of liquid phase polymerization processes such as solution polymerization
a1 ighpsispensibromsiyiverization: and gasphese epolymeszationent ane
processes. The polymerization catalyzed by the olefin polymerization
hexgmslysheftheriest embadimentietthed 101 dwvestion ispreferablys i ne ;
performed by a solution polymerization process. The polymerization in

aligeprésehaslobibeutidscatatist semporbnseaccordingdo 41 5esQtkoL 14
third embodiment of the invention is preferably carried out by a .

metESeNSibALE pblyerizatiomprote st o AcgesIRASE RANREHZANNBN zene

process. [0249] The liquid phase polymerization process may use an inert
toluene and xylene; halogenated hydrocarbons such as ethylene
chloride, chlorobenzene and dichloromethane; and mixtures of
these hydrocarbons.
[0223]

When the component (C) and the component (8) are brought

into contact together, the reaction site in the ciomponent {C)
and the reaction site in the component (S) react with each-other
to form a chemical bond, resulting in a contact product between
the component (C} and the component (S). The time of contact
of the component (C) and the component (8) is usually in the
range of 0 to 20 hours, and preferably 0 to 10 hours. The contact
temperature is usually in the range of -50 to 200°C, and
preferably -20 to 120°C. If the initial contact between the
components (C) and (S) takes place precipitously, the reaction
heat or reaction energy breaks the component (S) to cause a
deteriorated morphclogy of the obtainable solid catalyst

component. The use of such component in polymerization will

result in difficult continuous operation due to bad morphology
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hydrocarbon solvent. 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 methylcyclopenta?&i aromatic hydrocarbons such as
benzene, toluene and xylene; halogenated hydrocarbons such as
ethylene chloride, chlorobenzene and dichloromethane; and mixtures of
these 15 hédrocar ons. The olefin jtsel rr?a%/ be u%edo§stahsolvent.

of 3B E ol ARAZAtGH Bf Siatind BithThE oTdfin Polymerisaton St s

catalyst, the component and the component (B) are each used. in an
©) EHO TP 1B IO R Py b 10 08 10T ReT SePng, oF

of the reaction volum% A%ethe comlpotl_:\ent (C £an or%%nloarllurging n

-20 cto?nﬁo%n% (‘Eﬂﬁ‘éﬁ?’e ehted %?ﬂieor%u}é’ ﬂll ma§ e parﬁculaﬁy )
referabI%ftlgsed.ﬁ{igZS Irséthe %chym@lqéati%% o{cglggns gs(i:nagrtpfes?cl)ligu at

anothe BEH % (‘?ﬁ@? A& Polymierization temperature 1S gsuany n the
range of -50 to +200C, preferably 0.,to 17QC, particular referably 60 to

3 o R BTSSR SEANE 1< Konarat A e P
atmospheric pressure to 10 /cm2 referably atmospheric pressure

temps %%@mﬁ%’eﬁg &)Cfi}ntlgf’lozl;l%on g)g %erc%?r?eé 6ut t?lde[%%Wise%ese

emi-Cé)nti UO&S%@%%%OQE%%OUQ 1|t I%&l%% OSSSi‘?%leeté_)eC%gg Ocuctath%nents
pre eo‘f)ﬁﬁ rZa c?n i two-or Aore satg €s under |?ering reaction condttions.

(C) and (8) are contacted together and the contact product is
then contacted with tlhe component (C). The molar ratio in

contacting the components (C) and (8), (compongnt

{C) /componez.;zt {8)), may be selected appropriaﬁely, The higher

the molar ratio, the larger the amounts of the components (A)

" and (B) that can be contacted with the contact product,

resulting inimproved activity of the solid catalyst component.
[0224]

The molar ratio of the component (C) to the component (S)
[= molar amount of component (C)/molax amount of component (8)]
is preferably in the range of 0.2 to 2.0, and particularly
preferably 0.4 té 2.0.
{02258}

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 ﬁo 5 hours, preferably 0 to 2 hours, and at

-50 to 200°C, preferably -50 to 100°C. The contact amounts of
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10 [0252) The molecular weight of the obtainable ethylene polymer may

be controlled by the presence of hydrogen in the polymerization system

or by changing the polymerization temperature. In the polymerization, the

component (G) may be 15 used to inhibit fouling or to improve particle

properties. [0253] For the polymeri%%ﬁion, one or more olefin monomers

are selected from ethylene and C3-20 olefins. In a preferred

embodiment, at least one of the monomers is ethylene or 20 propylene. In
the ) SRS Sretér e d ot dSdinfERe 0B iR2 BEY ilpas R Ao dthglchand

is homopolymerized or ethylene and a C3-20 olefin are copolymerized.
ANCESBRIHES OF e € £OBPORARS ifGlde aldleting stRR aLfrdpfes@mponent

1-butene, 1-pentene, 1-hexene, 4-methyl-i-pentene, 1-octene, 1-decene,
(€-}12 FRBIECEREPERARAECS Aché R dEreHE L £ Gitsde ddtrtande molar

1-eicosene; and cyclic olefins such as cyclopentene, cycloheptene, o
2t hBrbbiene, Bl ety R RoRIRERE Metkity dibdbReadre BRE SFransition

2-methyl-1,4,5,8-dimethano-1,2,3,4,4a,5,8,8a- octahydronaphthalene. '
met gl RptESruther ifcitlie SGFPRISHYIPoRBGI BicRIReRtRECI®) is

methacrylic acid, fumaric acid, maleic anhydride; and polar monomers

gengia 4y iRENRGSREE, iy aBhyiER, HEh)ORetiadyRie fakgbily 0 .05

methacrylate and methacrylic acid. [0254]
to 50,000. In the case of the component (c-2), the components

are used in amounts such that the molar ratio [(e-2)/M] of the
aluminum atoms in the component (c-2) to all the transition
metal atoms (M} in the component (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 component {c-3), the components
are used in amounts such that the molar ratio [(c¥3)/M] of the
component (c-3) to all the transition metal atoms (M) in the
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 inductive;y'coupled
plasma (ICP) optical emission spectrometry.

[0226]

The quantitative 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 ratioc of a
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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 15 bonds is higher, thereby affording a large
number of long-chain branches. The component (A) in the invention can
afford polymers having a relatively 18&% molecular weight and a large
number of terminal double bonds. Such polymers are effectively
combined together by the component (B) to give polymers having 20 a
polyaer AdhPERSHIdRY-dth BRERPRSEBMPAre R civepliBigr Dy the
polymers. Further, the polymerization activity of the component (A)
comprBARés Kigh prod88RIE in e BRUUERS 8f HRFB6yniers RavRgrent
larger number of long-chain branches. [0255] 113 General
(R) cHAPIERdISHCBO YORMREL GHEGD RPN ORat &) by §ldfnthe range
polymerization catalysts (a) Polymers (macromonomers) afforded by the
of Mt goRyRerPaticr&RaRARLM) 3 (RPinvenfsd Ravé MhsaRFtkeusarly
bond sites such as vinyl groups at molecular terminals, and have a _
pre %ﬁ?&&iévépa{g?eonf%ﬂ’e&ﬁa{rswei&fﬁlfﬁw by &P & n B¥E FRP bE s 0ot he
20,000, preferably 5,000 to 15,000, and more preferably 5,000 to 14,000.
amo’“ﬂ@%(ﬂfl@?%mﬁ%éﬁﬁ?éﬁ%ﬁamn%%nﬂ@‘ﬂ?ﬂ%eﬁ(ﬂyﬁ%}s is larger,
(macromonomers) may be determined by known methods such as
bec%##@wﬁ??aeqmﬂﬁﬂﬁﬂfFf&#&ﬂ%ﬂ%ﬁn@éﬂfﬁﬁ@PQNﬁ#@o?F@JR jarger.

used. _
amount of such macromonomers is more advantageous in the

formation of long-chain branches. lThe molar ratio of the
components {A) and (B) in terms of the transition metal compound
is not limited as long as the above ratio of polymer amognts
ig satisfied. The ratio ﬁay be selected appfoériate}y
depending on the ratio of activities exhibited by each of the
solid catalyst components obtained by bringing the contact
pfoduct of the components (8) and (C) into contact with the
component (A) oxr the component (B}. The proportions of
polymers afforded by the components (A) and (B) may be
determined based on the peak separation aé will be described
later.

[0227]

Olefin polymerization processes using olefin polymerization

catalysts {a) or olefin peolymerization catalysts (b)

The golid catalyst components as described hereinabove

may be used directly to catalyze (co)polymerization of olefins.
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[0257] 15 The terminal vinyl percentage (%) is calculated from: terminal
vinyl percentage (%) = a/14000 x Mn x 100 (wherein a is a number of vinyl
terminals per 1000 methylene carbons in the polymer main chain, Mn is a
number average molecular Weight,18 d Mw is a weight average molecular
weight) 20 When the terminal vinyl pércentage is 20%, a x Mn = 2800.
When polymers having a terminal vinyl percentage of less than 20% are
Altused asm cromOnoTer .to form Jong-chain branches, they do not ]
ShBERAEN und& o Sty dTRABR ARFRMaReTEacdH fastifiginlid
tggl mers with a small number of 114 long-chain branches and -
catend S tSHBRPEENING Bretbtgabilif® SRt paNhereshiateih o rdry st
to the invention have a x Mn in the range of 2,800 to 14,000, preferably
COMHW%'M,OOO, and more preferably 5,000 to 14,000 _The ratio of the
[02¥V8 ight 5 average molecular weight (Mw) to the number average molecular
weight (Mn) , (Mw/Mn) , is in the range of 1. 0 to 3 .5, preferably 1.5 to
3'5T nd more(gieferabjy 1.5 to 3. Macromonomers satisfying these
contition@ e 2 Aigh 1#6P0/tih of t&rhtiRalY GisAarRed BBRdSa¥d Re
lower molecular weight compared to known, 10 products. Thus, they can
PreRE CopoymBAZE AT filgh?rate &t Excéidht Relt RGWRRBEERES 4l the
so1d apingr%oc%ssabilié}/ are obtained. [02581 Because of the large number
o Xyl BORESIRB 15 HitformdndmerPobifiel ABEAFRRG TR

of termi
so1&E§@ﬁonﬂggy§gé§§ﬂ¥merization may be performed by any
processes such as batch processes, semicoﬁtinuous processes
or continuous processes, under any pressure conditions such
as reduced pressure, normal pressure or increased pressure.
In arpreferred embodiment of the prepolymerization, the
prepolymerized solid catalyst component i& formed in an amount
of 0.01 to 1000 g, preferably 0.1 to 800 g, and more preferably
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

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
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modified by grafting or the like. In detail, the macromonomers may be
modified by an oxidation reaction, a grafting reaction or an ene-synthesis
reaction to functionalized olefin polymers or olefin polymer polar resin
composite materials (for example, 20 antistatic agents, cosmetic additives,
toner release agents, pigment disple%ants, vinyl chloride resin lubricants,
paints, adhesives). [02591 General characteristics of ethylene polymers
- afforded by 115 _olefin polymerization catalysts (b) In general, olefin
timg)S\AKeH2RGh EaaNsELRtedsed abfviP for Rfiféne BERERFably about

(macromonomerz) as the molecular weight of the ethylene polymers .

1 L9maerdiRBRémerd)i€ sAo&ERBr HieeStopbrioRSofREFRAYIRIDIE BbAGS s &
. higher, thereby affording a large number of long-chain branches. The
SIMIATH GRAYAT W theinvenkiEn EaRhidtdtioly MersRAARG At ictatidety will

low malecular weight and a large number of terminal double bonds. Such
be JrfhdRctte detiively ToRitinad toget &L PR e dHistherit (B fo
give polymers having a larger number_ of long-chain branches compared
PTeRe tYRGetiHal BBy reré R FakREL TS PSR hePRaffiSi AR of the
component (A) provides high productivity in the production of the
(o ymers having a larger number of long-chain branches. 15 [0260]
Ethylene polymers produced by polymerizing ethylene or copolymerizing

ethyRASRHI 3 E35BI3EM FPIRAFRREACEGFCT bed hereinabove may

be used in the prepolyme:ization without limitation. Where
necessary; the component‘(c) may 5e used, and in particular
an organoaluminum compound (c-1) represented by Formula (III)
may be preferably.used.‘ When the component (C) is used, the
molar ratio of the aluminum atoms (Al-C) in the component {(C)
to the transition metal compound, (component (C)/transition
metal compound), may be in the range of 0.1 to 10,000, and
preferably 0.5 to 5,000.

[0232]

The concentration of the solid catalyst components in the
prepolymerization system, namely, the solid catalyst
cdmponents/liter of polymerization volume, is usually in the
range of 1 to 1000 g/L, and desirably 10 to 500 mol/L. The
prepclymerization may be carried out in the presehce of the
component (G) to imhibit fouling or to improve particle
properties.

[0233]
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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 (MMax) at the peak top of
the maximum peak is in the range %%8 5 Log (MMax) 5 4.6, and 116
preferably 4.0 <_ Log (MMax) <_ 4.4."The peak intensity (HM,,) of the
maximum peak and the peak intensity (Hsecond) of the second maximum
peak have the relation: HM,, ? 2 x Hsecond [0262] 5 Gel permeation
chroh oG PRREHAEIEC) (@ perfirmeel with eve 10hgeh predeatiah contacted
.. chromatograph Alliance GPC 2000 (high temperature size exclusion
Withh bhisErapA) FarefactireaBip ynaets antl emokecptar avaight similar
distribution curve is recorded. The gel permeation chromatography
Bo iR RPALYRSHIGRS ITR[CIreRRESdrapl anditendiionsht thereof
Chromatograph: Gel permeation chromatograph Alliance GPC 2000
basgitafits} AAaRAFS SoRWare ichirbrediograpinoddtd systerd Empoweponent s
. (Waters) 15 Columns: Two TSK gel GMH6-HT columns + two TSK gel
18 EMGESFRHuMAS (edett 2. 2Mnpar nmdp Hiamstehand Bbecfa imlengthy . 3
manufactured by TOSOH CORPORATION) Mobile phase:

to sbiEAGIohetE K e BDCRy dspesal grudé svabént Manutastireddyts by

. Wako Pure Chemical Industries, Ltd.)
weight.

[0234]

In order to impfove flowability of the prepolymerized
catalyst components or to inhibit the occurrence of heat spot,
sheéting or polymer bulk during the polymerization, the
prepolymerized catalyst components produced by the
prepolymerization may be contacted with the component (G). 1In
this case, the component {G) is preferably (g-1), (g-2), {(g-3)
or {(g-4), and is particularly preferably (g-1) or (g-2).
(0235]

| The.above mixing/contact with the component (G) is
usually cérried out at -50 to 50°C, preferably -20 to 50°C,
and for 1 to 1000 minutes, preferably 5 to 600 minutes.
[0236]

When the solid catalyst components are mixed and
contacted with the component (G), the compenent (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
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 bassg ot QBTN Bkt AR HeR

20 Detector: differential refractometer (built in the chromatograph)
Column temperature: 140C Flow rate: 1.0 mL/min Injection amount: 500
gL 117 Sampling time intervals: i sec Sample concentration: 0.15% (w/v)
Molecular weight calibration: monoqlbseoerse polystyrenes (manufactured
by TOSOH CORPORATION)/ranging in molecular 5 weight from 495 to
20,600,000 The molecular weight distribution and the average molecular

weights are calculated in terms of polyethylene in accqrdance with a
LiBER IROL FhGRSH S BECHRpRnTs

Crubisic, P. Rempp, H. Benoit (1967). 10 [0263) In the invention, the

[023 %4 imum peak in GPC is defined to be (i) a point on a GPC curve at
which the lpgal maximum value is reached point on a GPCF&')'rVrﬁay

y

RSB T R DR BT A LS T T
differentiation 15 of the GPC curve. In the case nger Ipeaksboverla one
oo MG B AP ST S e SHGTE DRk DY T2t -

shoulders, the maximum peak may he effectively determined based on
ExaniRS 5 af IncbPUI A Y SRR VT § 888 Phpea

AU VAIleS i secondar
N djfferentiation. 20 [0264) When the peak intensities of the peaks
eI HRERANE by the

[0238]

The prepolymerized catalyst components may be dried to
afford dried prepolymerized catalyst components, which may be
used as an olefin polymerization catalyst in the invention.
The prépolymerized catalyst component is usually dried after
the prepolymerized catalyst component is separated from the
hydrocarbon dispersion medium by, for example, filtering tﬁe
suspension.
i0239]

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
component content of not more than 2.0 wt%, and preferably not
more than 1.0 wt%. A lower volatile component content in the
dried prepolymerized catalyst component is mofe preferable.
The 1owér limit thereof is not particularly limited, but is

practically 0.001 wt%. The drying time depends on the drying
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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 HM,, and Hsecond, respectively, these peak 118 intensities satisfy
the relation: HMax ? 2 x Hsecond. {g265] In the ethylene polymers
according to the invention, the maximum peak which gives Log (MMax) at
the peak top and HMax is 5 usually assigned to polymers catalyzed by
the component (A), and. the peak giying Hsecond is frequently assigned to
temgglj)“;%%lr;sr ebyo%e%%%&r&(e%t (%BJBr i BRRPIdak A8 wWilkBe tRAERLEF 3 to
I(z)aterr.s[0266] 10 The polymers afforded by the component (A) show a
re‘fatlvély small molecular weight on a GPC chart and have terminal
{ozg ble bonds to behave as part of monomers (macromonomers) that are
polymerized, forming long-chain branches. In detalil, it is more
adv§gtagﬁous f(ir the formation 15 of long-chain branches that the

polyfers Bffordad by the COMMSBHRME (SPRRbREent B 14748 H8p6fion of
the polymers produced in the polymerization. [0267] Although lower
p_reﬁlogjfggﬁ eﬁlﬁgcgh?sagﬁ ‘tah Sp%lfrﬂ%‘%"é’f?&ﬁeﬁ%ﬁﬁh@ cBnifohent &) dieied

maore advanteageous fﬁr the formation of long-chain branches, an

BT eBRcassvely shall moletalarEIg R Fadu RIS wErEg nédmirreat 1 ity and

strength of shaped articles.such as films or causes operation failure due
té{t teg‘%a)t?a(ﬁ‘lurﬁé)nflefac{ stabfy to a polymerizatpion reactor. The

angle of repose of the dried prepolymerized catalyst component

8 h

may

is not more than 50.", preferably in the range of 5 to 47°, and
more preferably 10 to 45°. If the angle of repose of the dried
prepolymerized caﬁalyst 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. |

[0241]

The volatile component content in the dried
prepolymerized catalyst component may be determined by a weight
loss method or gas chromatography.

[0242]

In a weight loss method, the dried prepolymerized
catalyst component is heated at 110°C for 1 hour in an inert
ga.s atmosphere and the resultant weight loss is obtained in
percentage relative to the weight of the dried prepolymerized

catalyst component before the heating.
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. the polymers to polymerizer walls. If the 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. [268] 5 The polymers obtained herein
substantially provide three peaks. The first peak is assigned to the
polymers afforded by the component (A) (also referred to as the

[024 mponent (A) peak) , the second peak is derived from the polymers
afforded by the component (B) (also referred to as the component (B)
peak), 10 and the third peak is observed ywhen io hime components (A
E gas ctl'xd:&ma%g%ﬁg %’1 sglﬁ;‘:egt%% Héja 35: e Cam %?%n§é guch

an e use erein ) e rall ese

eaks may be precisely determin separating the peaks by.a method
s b J05ebT 1504 the Eo Bher bR heeed

nother and are consque tl%obgerved to be a single peak or to have
cata%%s comggﬁnent a, agl ra 3.(%1‘& urve ]tﬁ I \nm.%cg%r?ang to
shoulders, thée peaks may be separated by a method described below

an i agegfgr:}%l;aégﬁ%;%%%e%g% %%%m %A‘r?cp %%lé %%eé%qi%ﬁgég@rp&e% gg%tent

ermihed precisely:. Ks'ina

i JRplegular weidht cynee (G4, of an.etylene polymer produced by the
polymerization process according to the invention were separated by the
[ozéfgoljowing method using a molecular weight curve (G2) of an ethylene
pol

ymer that was 120

In the determination of the volatile coqaponent content
of the dried prepolymerized catalyst component, a weight loss
method is adopted when the volatile component content in the
dried prepglymerized catalyst component is approximately 1 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.

[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 desirable that the
oxygen concentration is not more than 20 ppm, preferably not
mcre 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
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catalyzed by a particulate catalyst composed of the component (A), the
component (C) and the component (S) (the polymer may be also referred
to as the polymer afforded by the component (A) alone) and a molecular
weight curve (G3) of an ethylene 5 pglymer that was catalyzed by a
particulate catalyst composed of the component (B), the component (C)
and the component (S) (the polymer may be also referred to as the
.palymer afforded by the component (B) alone) wherein the polymerization
Ari g6 REGRAVERENAE $6 HT0<BSh (RO BRILRTSS ofthe 1@ etiwtsniel v
polymer of the present invention. Herein, the molecular weight curves
det G EROSBhfEd by GPC measurement as described above, and the
calculation for peak separation was conducted using Excel(r) 97
{02ﬁ1 ufactured by Microsoft Corporation. 15 [1] With respect to the
numerical data of the molecular weight curves (G1), (G2) and (G3), Log
(moletuISrWE Y RF ®RS omtambeest ifftadiy ot 00MEomithe snibsityl e £1n
dwt/d(log.molecular weight)] was normalized such that the area of the
POl YA HEBhREHE Wad1 10 [ha sypiiesticioryé 664) was pidganed
£1 from, the curves_(G2) and (G3). [3] The intensities at the molecular
OYRRgHtd Y (GHRPIGRE weke rodifsraigregridtelyebype tymstank a t i on
fraction such that the absolute value of the difference between the 121
reaiiBhsitieS W AR MR BRI VRIGhdRIGHandEHy Rt mata thast

0.0004. On a high molecular weight side, the o
component has been removed and is not allowed in a gas phase

polymerization system, the polymerization may be performed
stably.
[0247]

Next, processes for producing the ethylene polymers
according to the preseﬁt invention will be described. The
ethylenepolymersoftheinventionarecbtainedbypmlymerizing
or copolymerizing olefins in the presence of the olefin
polymerization catalyst described hereinabove. The ethylene
polymers in the invention contain ethylene at not 1ess'£han
10 mol% in the polymer.

[0248]

In the invention, the polymerization may be carried out
byanyofliquidphasepolymerizatianprocessessuchaséélution
polymerization and suspension polymerization, and gas phase
polymerization processes. Thepolymerizationcatalyzaibythe

olefin polymerization catalyst of the first embodiment of the
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intensity in (Gl) and the intensity in (G4) differed by more than 0. 0004 in
absolute value due to the influence of the third 5 peak. In view of this, the
intensities in (G2) and (G3) were modified such that the absolute value of
the difference between the intensitjgg in (Gi) and (G4) was not more than
0.0004 on a lower molecular weight side. [4] A region which was found on
a higher molecular weight 10 side than the peak top and in which the

. cyrves (Gi) and (G4) ,did not overla ch other, namely (G GL - ...
v RETAE BOIET REtHe T PP TR et AT B g =t don

olymer ffordeg by the component (A), the weight fracti bdﬁ%@i
pro%o%merzjgﬁo% y%etﬁjézc%%ﬁglneﬁ( and ﬁ%%&ﬁﬁt L frg?:{t?ons g’f

oo S ek e B 5 Bl LTI SIS G0 MR

of € reise\rrl‘te B%%k areas in éGgé%%J)(gS aa}:ftxer gae @ggif'cati%n of the nsion
in ensﬁies, and’s (iﬁl)%n% re peal% areas in (G4) ané?&%i
pol)l%%%]zL e. weight fractions W3, Wb and W, ma beggterg)cmg)%lzzoc

4 1

appropria é@/nd geon%?r?gsoonrth% desirk ?nsoefegu a welgjhts an Tl

ecular
IOZé%ﬁight distribution of the target polyolefins. In a preferred embodiment,
%<Wa595%,5%<Whb560%and 29-5W3<_30%. In a particularly

: i 0 o)
prefgred emRodiment SOUNaINa: PISWREAYE MY use an inert
hydrocarbon solvent. Examples thereof include aliphatic

hydrocarbons such as propane, butane, pentane, hexane, heptane,

octane, decane, dodecane and kerosine; alicyclic hydrocarbons

‘such as cyclopentane, cyclohexane and methylcyclopentane;

aromatic hydrocarbons'such as‘ benzene, toluene and xylene;
haiogenated hydrocarbons such as ethylene chloride,
chlorobenzene and dichloromethane; and mixtures of these
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* to 10" * mol, and preferably
107% to 1072 mol per liter of the reaction volume. As the
component (C), an organocaluminum compound (c-1) represented
by Formula (III) may be particular}_y preferably. uged.

[0251]

In the polymerization of olefins using the solid catalyst



10

15

20

5 2%<_W3<_20%. A higher proportion of the polymers afforded by the
component (A) is preferable because a larger amount of the
macromonomers afforded by the component (A) is more advantageous
for the formation of long-chain branghes. [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 (b) In the following description, properties are measured by the
COMPARTAITG méthGdE 1 iGentfRaioR of EBRPEARIY T IRpBEHAS dbtdifed he
in synthetic examples are identified by 270 MHz"H-NMR (GSH-270
Tangs RifactaredHy I é@)?flﬂd.)??ﬁfrﬁéégﬂ%e@tr&ﬂeﬂry PESMBRES R Awbarly

anufactured by JEOL Ltd.) and gas chromatography-mass spectrometry

DT (EEERS) (BENFS.GPSUS0A TSmRGIRIISEBY SHIFAGR CORSTANGN). S

%0274 Quantjtative analysis of terminal structures] The terminal s
genehddt¥ed AHNTUMBEEST Q5UBIEBIHRRT BF ThE PBRAETE dre deddriméan’,

'H-NMR (ECA-500 manufactured by 123 JEOL Ltd.). [Melt flow rate

pre %fﬁﬁi Th8 SIERRTFHE (RIEFD I8 R tdrmird R HEEBrdand&fith ASTM

D 1238-89 at 190C under 2.16 kg load, 5 [Density (d)] To determine the -
Pol}a{gﬁgwﬁﬁl’m%ﬁ@ﬁgg ﬁg%%ﬁa@thsef semi-continuously

or continuously. Tt is also possible to carry out the
polymerization in two or more stages under differing reaction
conditions.

[0252]

The molecular weight of the obtainable ethylene polymer
may be controlled by the presenée of hydrogen in the
polymerization system or by éhanging the polymerization
temperature. 1In the polymerization, the component (G) may be
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 olefins. In a preferred
embodiment, at least one of the monomers is ethylene or
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 w-olefins such as propylene, 1l-butene,

l-pentene, l-hexene, 4-methyl-l-pentene, l-octene, 1-decene,
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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)] 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

1~do%%%i§§§9kﬂ:%%%k%eHBH%U“?-%QQEE@Q&QMWCDJBSE%ﬂ@g,ene and

temperature is 190C, the melting time is 6 minutes, the barrel diameter is

1- e 1523 BB, tNErRXUUSION rate, is.15 mun/mipythe Jakesup SRagdds 24 m/min

(in the event of breakage of the molten filament, the take-up speed is

cye1oWeRdby 5 mimip), the nazzle 20 diameter is 2,095 pug and the nozzle

length is 8 mm. [Shear viscosity (r)*) at200C and angular velocity of 1.0

et fadisecl Eha shealvisersity (11*) at 200C and angular velocity. of 1.0
rad/sec is measured by the following method. In detail, 124 the shear

2 -mASRPSUY ()5S geterminagdby, measudng the, distibylion of shear

- viscosity (Tj') at 200C at an angular ve[ocity [co (rad/sec)] in the range of

oct dhP2PdAs{PHA0. Lnamie, Siress Rheometer, SR:3000 avalable fram

RheometricsScientific, 5 Inc. is used. Parallel plates having a diameter of

viny R Bl Lskd ass saplehalder Ihe sample NgKNessiS ¢ aciqg,
approximately 2.0 mm. The measurement is conducted on 5 points per

FumaHge sdigh of wa The ameun} of sHain is5¢lestedaPRIBRHEMEYs such as

methyl acryiate, ethyl acrylaté, methyl methacrylate, ethyl

methacrylate and methacrylic acid.

[6254]

In g.eneral, oclefin polymerization catalysts increase
activity fér ethylene polymers as the molecular weight of
ethylene polymers is lower or the propért ion of terminal double
bonds is higher, thereby affording a large number of long-chain
branches. The component (A) in the inventién can afford
polymers having a relatively low molecular weight and a large
number of terminal double bonds. Such polymers are effectively
combined together by the component (B) to give polymers having
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 polymers having a larger number of long-chain branches.

[0255]
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in the range of 3 to 10% while the torque in the measurement 10 is
detectable and over-torquing is not caused. The sample used in the shear
viscosity measurement is prepared by pressing a measurement sample
to a thickness of 2 mm with use of g,gress machine manufactured by
SHINTO Metal Industries Corporation with a preheating temperature of
190C, a preheating time of 15 5 minutes, a heating temperature of 190C,

Gend heftin time of 2 minutes, a heating pressure of 100 kg G/cm2, a
—‘i’ﬁ%%m‘?g%%%%?aﬁﬁﬁes\%% RBEVRERS JMRARAREEARA B do@iRfor ded
Rresgure 1::) ches and ethyl branches (A

+By26 BEE-GHH p-Brafchesand gthyl branches is
det%rcr)llined bg 73C-NMR as follows. ECP 500 nuclear magnetic
resONANCE appar MuS (TP BYFIAES) nhtRictfed By JEsL eie fistused.
OlThg number of scans is 10,000 éo 30,000. The chemical shift used is a
POYESK OF maiy Shaft AeVificnd 320707 ind TV §95 198 Savsiemerig ted
bon§50-.40gsmg ar}g 3 ml of a)Eﬂ,Uid mixture consisting of special grade
o-dichiorobenzand (WAKSBurd T EHBRAIGH IMRERS 1. fBefvaielas and

hanSaOTuE (15 5:1 l%y volume) are added to a commercially available NMR
quartz gass 5 tube Faving ie&i&%%%}”&lf@ﬁmw*?hebﬁi fife i¢hehfedange

: 2 tq giv iform dispersion, which is analyzed. The absorptions in
of %eggﬁ/l%%pgc??h?% a’re%’é?%ﬁgﬁl?r}gcédragﬁcé:\%itﬁ Sk &G RERYBAKE
oukan (Regiop of chemistry, extra edition) No. 141, NMR - Sousetsu to
ered RS &

8vité(\?v and &e‘rimental 10 Guide) [I], pp. 132-133. The

Eoz@b‘fnber of methyl branches per 1000

o

The number of terminal vinyl bonds in the polymers
(macromonomers) may be determined by known methods such as
"H-NMR, *C-NMR and FT-IR. In the invention, H-NMR or FT-IR
is used.

[0257]

The terminal vinyl percentage (%) is calculated from:

terminal vinyl percentage (%) = 0/14000 x Mn x 100
(wherein o is a number of vinyl terminals per 1000 methylene
carbons in the polymer main chain, Mn is a number average
molec{zlér weight, and Mw is a weight average molecular weight) .
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 polymerizatioh and remain

unreacted, resulting in polymers with a small number of
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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 numbey;gf ethyl 15 branches is calculated

from the integrated intensity ratio of the absorption intensity (10.8 ppm)

assigned to the ethyl groups of the ethyl branches relative to the

in | gl dhe, ARSQHIoN;INENSIIES Aty dp PR 7SI Sheat 15 ¢y .
1°“%ié%%§?ﬁ?%%“% 'II%]g zero-s earl viscosity [flu (P)]Eat Z%BC IS measu%edl Y

by the following method. In detall, the zero-shear viscosity. [TIo (P)] s .
The &%Wi%xéa ﬁ%%égﬁnnga ﬁwceoé](g n%%ti%ﬁ o) %é ear Y/%S%%%%f/[‘ (r *31 a% 2006
in cHLLAARIAL el r(pdseqh i1 e nge B 1028178005100 4Thy o,

measurement Is performed 126 as desctribed hereinabove using Dynamic
and %g%s Reeeaielen P 2009 aaiapleem Rhsaneicnsgeniic Weigne

] The zero-shéar viscosity 110 Is calculated by fitting the 5 Carreau

aveﬂggaeh%fz%%ﬁgp (Rarahbelaw.to the teolagygurve, (distibutipnof cui ar

ear viscosity (r)*) by angular velocity (co) ) according to a nonlinear

we 1§JE§SI( ﬁ%a,rem%'&&?ﬂ ; [9%791'1* tgng if"a?l)g@ 'Qéar:ﬁ“lc%[%%?,] lﬁxtg? erably

equation above, k represents a parametér having a time dimension, and

1.5 nindicates a pawer indexof the material. heJittir_lg by A-noRliveaRleast

squares method is madé such

satisfying these conditions have a high proportion of termina.l'
unsaturated bonds and a lower moiecular welght compared Eo known
products. Thus, 'they .ca.n be copolilymerized at a high rate, and
excellent melt flow properties and shaping processability are
cbtained.

foz2s8]

Recause of the large number of terminal vinyl bonds, the
macromonomers obtained acceording to the invention may be easily
modified by grafting or the like. In detail, the macromonomers
may be modified by an oxidation reaction, a grafting reaction
or an ene-synthesis reaction to functicnalized clefin polymers
or olefin polymer polar resin composite materials (for example,
antistatic agents, cosmetic additives, toner release agents,
pigment dispersants, vinyl chloride resin lubricants, paints,

adhesives) .

- [0259]

General characteristics of ethylene polymers afforded by
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that d represented by Equation (EQ-6) below becomes minimum. 15

[0278] 100 d= I'pglOgexp(0)) - Logl0gca(c (&) (r) . (r)(Eq - 6) m =0,02512

[0279] In the equation above, Tlexp (co) is the measured shear viscosity

and llcaic (co) is the shear viscosity galculated from 20 the Carreau

model. [Weight average molecular weight (Mw) by GPC-VISCO] 127 The

weight average molecular weight (Mw) by GPC-viscometry (GPC-VISCO)

15 determlned usmg GPC/VZOOO from Waters as described below.
olegipy e dysdtgmbband two AT-806 columns are

used as analytlcal columns. 5 The column temperature is 145C. The

mobifé FHRe%8 b-dieRBfdsereehrrentinsing 018 widhal BHEadncrease

antioxidant and is pumped at a rate of 1.0 ml/min. The sample
actdyidaniifon SEvL e, Fpdietastor(acdiffaemtinbrefiactomete

Three capillary viscometers are used. Polystyrenes 10 manufactured by
mOleEI5kH HERPURATIORearetitelienes padams: Thémmensuratonsaosity 1 s

is calculated with the viscometers and the refractometer, and the weight

lowete e TElcBHRPREIGIRIVAY fsesamdnated dyuhiversakeiiibiationiofher ,
the measured VISCOSI%\,@Q [Molecular weight at maximum weight fraction

Fheqsik BpF, At aeeags WecUIaE wWetgrd (Mg iZ-dveragthes.  The

molecular _ '
component (A) in the invention can afford polymers having a

relatively low molecular weight and a large number of terminal.
double bonds. Suchpolymersareeifectlvelycomblnedtogether
by the component (B} to give polymers having a larger number
of long-chain branches compared to conventional polymers.
Further, the polymerization activity of the component (A)
p;ovides high productivity in the production of the polymers
having a larger number of iong-chain branches. |
[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. |
[0261]

Characteristics

Two or mere peaks are observed in gel permeation
chromatography (GPC), and Log {Mw.,) at the peak top of the

maximum peak is in the range of 3.8 < Log (Mmax) £ 4.6, and
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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 fraction1q eak 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 128 molecular

prefigiaRi fudming, L HolSlat welght disthiBidE Bart@ tEohined! Hrerer ©F
the following cqnditions with f gel tion chromatagraph
the REAAEREBE SHOTPGH SRTRTatlie e Sl B eHtbr oG Spf © o1

manufactured by 5 Waters. [0280] [Ap aratgs and conditions] Analysis
max g RE2¢hBmMEtodrafhy Bt RemErrpsver YWAtere¥10 Columns
two TSK gel GMH6-HT columns + two TSK gel GMH6-HTL columns

[026(%};1ch 7.5 mm in inner diameter and 30 cm in length, manufactured by

TOSQH CORPORATIQN) Mobile phase: 9-d| rob ial
e e e o R R
Detector: diff tial refract t il inthe_ch |

of SEmpRrAlIR 1A0C. FIoW TREC ROk Lance CrC 2080 (RIGH

ow rate:

temperature size exclusion chromatograph) manufactured by

) Waterg, and a molecular weight distribution curve is recorded.

The gel permeation chromatography conditions are as follows.
[Chromatograph and conditions]

Chromatogfaph:GelpermeationchromatographAllianceGPC
2000 {Waters)

Analysis software: Chromatography data system Empower
(Waters) |

Columns: Two TSK gel GMH¢-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, ptd.)

Detector: differential refractometeﬁ (built in the
chromatograph)

Column temperature: 140°C

Flow rate: 1.0 mL/min

Injection amount: 500 UL
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Injection amount: 500 gL 20 Sampling time intervals: 1 sec Sample
concentration: 0.150 (w/v) Molecular weight calibration: monodisperse
polystyrenes (manufactured by TOSOH CORPORATION)/ranging in
molecular weight from 495 to 20,6q9,r000 129 A molecular weight
distribution curve in terms of polyethylene is prepared in accordance with
a general calibration procedure described in J. Polym. Sci., B5, 753, Z.
Crubisic, P. Rempp, H. Benoit (1967). The molecular weight 5 at -
maxRURLWER hE ARG Fertsk awelagesmolecular weight (Mn),
Z-average molecular weight (Mz) , ratio of weight average molecular
weigitts heinfik eSBtagEtheRculr Wghiv(X¥W/Mn), and ratio of
Z-average molecular weight to weight average molecular weight (Mz/Mw)
are YRGRdEHofe i in Gladdir A0iwaigmaissdiutioerasveo [MMey Ebne s
/Mal ] The ratio MMe+Et/Mall is determined by 13C-NMR as follows. The
(mapetatferEnt iSBeRornEl GSRMBIRAR S0V (Tiay iragneticrrssonanee:
apparatus ('H: 500 MHz) manufactured by JEOL Ltd., 15 in a manner as

- welgak riedPhéenabBve orifdabddtptions in the NMR spectrum are

assﬁ;led in accordance with Kagaku no Ryouiki Zoukan (Region of
cheMi&tn LG Eeforf N 14 AR i iStusetsuzodikken Gaideage

éReview and Experimental Guide) [l], pp. 132-133. 20 [0281]
molecular weights are calculated in terms of polyethylene in

accordance with a general calibration procedure described in
J. Polym. Sci., Bs, 753, Z. Crubisic, P. Rempp, E. Benoit {1967).
[0283]

In the invention, the maximum peak in GPC is defined to
be (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
of the GPC curve. In the case where peaks overlap one another
and are consequently cbserved to be a gingle peak or to have
shoulders, the maximum peak may be effectively determiﬁed based
on the local maximum and the local minimum values in secondary
differentiation.

[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 Hyax and Hgecona, respectively, these reak
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The contents of the respective branches may be calculated based on the
integrated intensity ratio of the absorption intensities appearing in the
following regions: methyl branches: 19.9 ppm, ethyl branches: 10.8 ppm,
propyl branches: 130 14.4 ppm, butl# branches: 23.1 ppm, isobutyl
groups: 25.7 ppm, hexyl and higher branches: 31.9 ppm. [Intrinsic
viscosity ([n])] The intrinsic viscosity [[11] (dl/g)] is measuredina 5
int edechtin sglveat as follonise Appiadnmately 2Q.magobthe Hthylene
copolymer is dissolved in 15 ml of decalin, and the specific viscosity T(sp
[0245 measured in an oil bath at 135C. After the decalin solution is diluted by
addition of 5 ml of decalin, the specific viscosity 7).p is measured again.
Thén G Hikutdrhislrepearedl ymemdradireesi Byextrapblatibgtkation, the
concentration (C) to 0, the value 'asp/C is obtained as the intrinsic
max isooPyaj0282] ¢H] g2 18pLC)({E30) 45 [NeekrinpEkhé ethyade Huax 18
copolymer is laminated by extrusion on a 50 g/m2 craft paper as a
usuasistats hithedetef PlRhingos wanafacasddiy Sheitoprgoant (A),
Industries, Ltd. which has a 65 mm diameter extruder and a T-die with a
and dibevidtgest 800720 aniH; aaerithefotaneiytcbnditpntonedgdy 80Lymers
Actual resin temperature after die: 295C
by the component (B) or is a third peak as will be described

later.
[0266]

The polymefs afforded by the component (A} show é .
relatively small molecular weight on & GPC chart and have
terminal double bonds to behave as part of monomers
(macromonomers) that are polymerized, forming long-chain
branches. Indetail, it is more advantageocus for the formation
of 1ongwchainlbranches that the polymers afforded by the
component (A) represent a large proportion of the polymers
produced in the polymerization.

[0267]

Although lower molecular weights of the polymers afforded
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 failuré due to the attachment pf

the polymers to polymerizer walls. If the molecular weight is
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Take-up speeds: 50 m/min, 80 m/min, 120 m/min, 200 m/min Film

thickness: 20 gm at take-up speed of 80 m/min, 13 131_ m at take-u.p .

speed of 120 m/min, 8 m at take-up speed of 200 m/mln The negk-ln is

calculated from Lo - L wherein Lo id tHe width of the T-die and L is the

width of a film laminated on 5 the craft paper at each take-up ;peed.

[0283] [Film breakage speed and take-off spegd at which surging occurs]
LarGhe céyengsupaleeris lnbated . elisionon a %%ggndcgnygfga%w to

paper as a substrate with use of a laminator 10 manufacture

- makE OHd Bddeayiked striesn td=MAichHhas,a 2 mim £ meter ?Xtr'!ﬂglel%h cthe

and a T-die with a die width of 500 mm, under the con |t|ons_where|n
molaicgapis %39 e ang HE%@¥H@ﬂ§ﬂﬂ§%%£eE§5?%?@ﬁ%@%'%%%%%‘The

output is determined such that the film thlckness_ at_ take-up Speetd” 15
[026830 m/min is 20 gm. [0284] The take-up speed is mcreaseq, and the

speed that causes breakage of the molten film (the molten fl|$_l$

is cut) is .

regandechtl padiekenevenauIse 0YLA0 80 INReol IS CUDIS s 5. Ly oo

determined 20 as the film breakage_speed. [0285] Sepaﬁieﬁ , the?&e-uﬁ
peaBpeed Thinafeasad padihesngsk-{nissnaasured fie {imes at e grfied by

take-up speed. The results of the five measurements are average

thetakewipnent (A) (also referred to as the component (A) peak) .
the second peak is derived from the polymers afforded by the
component (B) (also referred to as the component (B) peak),
and the third peak is observed when both the components (A)
and (B) are usged (hereinafter, aléo the third peak). The ratio
of these peaks may be precisely determined by separating the
peaks by a method as described below.

[0269]

In the case where the peaks overlap one another and are
conseqguently 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.

[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

molecular weight curve (G2) of an ethylene polymer that was
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132 speed at which two or more of the five measurements result in an
average neck-in value 1.5 mm or more is determined as the take-off
speed at which surging occurs. [0286] 5 [Resin pressure] The ethylene
copolymer is laminated by extrusio®a®n a 50 g/m2 craft paper as a
substrate with use of a laminator manufactured by Sumitomo Heavy
Industries, Ltd. which has a 65 mm diameter extruder and a T-die with a
catadigvedtibef 80PE0rhow underthe edgditionswibeseid thé aihgapastddent
mm, the actual resin temperature after die is 295C, the take-up speed is
(A} 8@ n¥minmndthe filMahickndss he 20 gmpotienrtesirs preSsuee patltimer may
crosshead is measured during the extrusion. [0287] 15 [Heat seal

be asteengtelfEre ethytenexsopdigmes Iy/taeminattddaydedrusjortbe acomponent
substrate with use of a laminator manufactured by Sumitomo Heavy

() |adustees antd. whichlkasid 65 meidiameterexeudénand a Bdieehlithlsene

die width of 500 mm, under the conditions wherein the 20 air gap is 130
polymey thaactualgesatiepezdilrg afteradie 22058 Cs tioe: talkkbvgt spewg dssed
80 m/min and the film thickness is 25 m. The substrate herein is a
of tineltiayerstrictures prepdreddymapplging aldrethane ahehooogatimgnt (S)
agent.on a surface of a 15 gm thick biaxially stretched nylon film
( the EMBLERr1 3R ONY ebeafactietdndUNST KA. LTD pabgtsereafi¢orded
extruding _ :
by the component (B) alone) wherein the polymerization
conditions were idénticallto those in the production of the
ethylene pélymer 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
Corporation.
[1] With respect to the numerical data of the molecular
weight curves (G1), (G2) and (G3), Log (molecular weight) was

obtained at intervals of 0.02, and the intensity [dwt/d(log

molecular weight)] was normalized such that the area of the

molecular weight curve was 1.

[2] A synthetic curve (G4) was prepared from the curves

(@2) 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
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thereon an ethylene mixture resin in a thickness of 25 gm wherein the
ethylene mixture resin is a blend of 50 parts by weight each of a
Ziegler-catalyzed linear low-density polyethylene 5 and a
Ziegler-catalyzed high-pressure lowl-gllensity polyethylene. The ethylene
copolymer is laminated by extrusion on the ethylene mixture resin layer of
the multilayer structure. [0288] 10 The heat seal strength between the

intetylenecopalymes layewsdnihe Igninate film gbtained by eXtrusionis, 1or

measured and evaluated under the following conditions. A one-side hot

morbaksealenisuses. Heat seah PEaSSHES: LK0/ez Jo;ldeat seaime; 0.5

sec Seal bar width: 10 mm Test piece width: 15 mm "Peel angle: 180

int Beeknee:i300 am/naing2e idhylgpe Relymers i) fheyethylerg, o q by more

homopolymers or copolymers according to the invention are

t haRomapeiymers0f s8hylerevx corokaes,of wethylepe and G410 e thirg

a-olefins, preferably copolymers of ethylene and C4-10 a-olefins (when

pealk-butenevs gedasalss camopemaisan aolefinof 619 10.carbeny ore
atoms is always used together), and more preferably copolymers of

modethyiane a8 €8al0rawighas edChald a-alefinscondynedzed Wi yeen
ethylene .

the intensities in (G1l) and (G4) was not more than 0.0004 on

a lower molecular weight side.

[4] A region which was found on a higher molecular welight
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
poiymers afforded by the component (Aj, the weight fraction
Wy of the polymers afforded by the component (B) and the weight
fraction Wy of the third peak are calculated as follows.
[0271]

Wa = S (G2)/8 (G4)

Wy = 8 (G3)/S (G4)

Wy = 8 (G5)/8 (G4)

Here, S (G2) and S (G3) represent peak areas in (G2) and
(G3) after the modification of the intensities, and 8 (G4) and
8 (G5) are peak areas in (G4) and (G5).

[0272]

The weight fractions W,, W, and W. may be determined
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include 1-butene, 1-hexene, 4-methyl-l-pentene, 1-octene and 5
1-decene. [0289] The ethylene polymers (i) of the invention satisfy the
following requirements [1] to [5] at the same time. The requirements [1] to
[5] will be described in detail below!220 Requirement [1] The melt flow
rate (MFR) of the ethylene polymers (i) as measured at 190C under a
load of 2.16 kg is in the range of 0.1 to 100 g/I0 min, preferably 1.0 to 50
appr@/he haineand deqrenfiteieradaly 410taid@. Witk MiER dpiig@. Iwg/lgmim @amd
above, 15 the ethylene polymers show a shear viscosity which is not
moleexcessivelyikigh ahibsperhitsteixesllet proeessatuldy, aed thel pdiymters In
can give shaped articles such as films having excellent appearance. With
a pr&fRbeihgmivbatatetan4ldog Komin, tecribyenapdymes,shok. In
good tensile strength or heat seal 20 strength. [0290] In general, MFR is
a paheavlyldepender: pertbe Melebulaf meeight.d o satait othe srhaker w0 and

MFR, the higher the molecular weight, and-the larger the MFR, the lower
25<wtheh3ds meledyaeweighipdbe moleslahgeight phethylafe polyaeisy (the

is known to be determined by the composition ratio of hydrogen and
compethyehne (Aydrogenedfidend) presertantw polmereatiensystenci thae

production of the ethylene 5 polymers (for example, Kazuo Soga,
macHKODAIEA "EATALYEGCIOH BFI& component (A) is.more
advantageous for the formation of long-chain branches.
[0273]

.Described next are the ethylene polymers (i to iv} that
are obtained by homopolymerization or copolymerization of
ethylene in the presence of the clefin pelymerization catalyst
(5). In the following description, properties arelneaéured.by
the following methods.

[Identification of compounds]

Compounds obtained in.synthetic examples are identified
by 270 MHz 'H-NMR (GSH-270 manufactured by JEOL Ltd.), FD-mass
gpectrometry (FD-MS) (SX-102A manufactured by JEOL Ltd.) and
gas chromatography-mass spectrometry (GC-MS) (GCMS-QP5050A
manufactured by Shimadzu Corporation).

[0274]
[Quantitative anal?sis of terminal structures]

The terminal structures {the number.of double bonds) of

the polymers are determined by ‘H-NMR (ECA-500 manufactured by
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POLYMERIZATION", p. 376 (1990)). The ethylene polymers (1) t_hat hgve
MFR ranging from the lower limit to the upper limit as descrlbed in claims
of the invention may be produced by increasing or decreasing the '
hydrogen/ethylene ratio. 10 Requireg®ent [2) The ethylene polymers (i)
have a density (d) in the range . of 875 to 970 kg/m3, preferably 885 to 964
kg/m3, and more preferably 905 to 960 kg/m3. [0291] 15 Wher_l th?‘l
ensity () is 875 kg/m3 or above, the ethylenfe poly_mers can give films
Jgoﬂda\r}iisr'l&tgalbg\j/\i surface tackiness. When the density (d) is not morel‘than 970
nggcﬂ ers show good low-temperature sealing _
EMEE%E?&& %)%%Eze] Inxgeneral, the density is depenqlent on the ak;olefln
con [ 2ne_poly . The Iqwer the a-olefin content, the ‘
higr@?%h%é&e%?ig%gn%t & hig %P tﬁesa8-8|%ﬁﬁf“86h?énﬁrfh%<18\?&§bﬁ&féce with
ity- The @solefin tentin ethylene olgmers is known to be
ASng'?e)srr%/izn%% b%/gth%rj'co$n9|c[)alos(?[i(%ﬁl ?éy r%ﬂ%%f %Iéﬁ?%dand e(::hylene |
-0lefing/ lene) present in the polymerization system (for example,
[Devéf’/saﬁtlg? Ksécr?nsmky, Makromol. Chem. 193, p. 606 (1992)). Accordingly, the

densgj the.athyl polymers (i) gan be controlled by increasing 5 or
degfgggigg the Ec%lgtf?r%et y esr"iletPétl(o8 i tRePr8SUCIIRC BF tRE ByfehE heat

creROVEELS By Jug.conijolling, the ethylene é)qua}’cﬁ?gﬁ(g tré%tohlagg atge-qrsétgm
ranging from the lower limit '

temperature linearly in 1 hour, .and analyzed by a density
gradient tube method.
[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
Seiki Seisaku-Sho, Ltd., under the conditions in which the resin
temperature is 190°C, the melting time is 6 minutes, the barrel
diameter is 9.55mm, the extrusion rate is 15 mm/min, the take-up
speed is 24 m/min (in the event of breakage of the molten
filamént, the take-up speed is lowered by 5 m/min), the nozzle
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 (n") at 200°C and angular velocity

of 1.0 rad/sec is measured by the following method. 1In detail,
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to the upper limit as described in claims of the invention may be
produced. 10 Requirement [3] In the ethylene polymers (i), the ratio
[MT/n)* (g/P)] is in the range 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 prefarably 2.60 x 10-4 to 5.00 x 10-4
wherein [MT (g) ] is the melt tension at 190C and [r)* (P) ] 15 is the shear
viscosity at 200C and an angular velocity of 1.0 rad/sec. With MT/r)*

the oG Rotless than 1.50n¢ 1044 the cthylene pobyines haye Acgertakle

neck-in. Requirement [4] The ethylene polymers (i) have a total of methyl

disdranefesoR0dA (BA00,CHl and sty pragehes (B ¢166Q Gl [@h* Blguiar

(/2000 C)], of not more than 1.8, preferably not more than 1.3, more

veld¥etepably netmowethan 0.8 -apd paricliigey prefesably pet gpore Hiatmi
0.5 according to 13C-NMR. The numbers of methyl branches and ethyl

- strd¥anchesiethedmention adafinedte $36mRMesH00? LD BERMS Fic,

as will be described later. [0293] If the ethylene polymers have

Inc Shost-ghaia brapghes sugh s methrbranenes andaRwtbrarches, #he are

short-chain branches 5 are incorporated in the crystal and the crystal

usedBBe:SpaciUs awiiargedHesyiingla loweredheeshanisabstanot ek v
the polymers (for example, KOUBUNSHI NO JUMYOU YOSOKU TO

2. 0 @HOU UM YRS AGHTS Y LLIEETHIERBEDICTIQN Qf PQMERS 1 e
AND LIFETIME EXTENDING TECHNOLOGY), Zenjiro Osawa, et al., p.

digi8lef ®. The amount of strain is selected appropriately
in the range of 3 to 10% while the torgue in the measurement
is deteétable and over-torguing is not caused. The sample used
in the shear viscosity measurement is prepared by pressing a
measurement sample to a thickness of 2 mm with use of a press
machine manufactured by SHINTO Metal Industries Corporation
with a preheating temperature of 190°C, a preheating time of
5 minutes,la heating temperature of 18¢°C, a heating time of
2 minutes, a heating pressure of 100 kg G/cm®, a cooling
temperature of 20°C, a cooling time of 5 minutes and a cooling
pressure of 100 kg/cm?.

tTotal of methyl branéhes and ethyl branches (A + B)]

The number of methyl branches and ethyl branches is
determined by **C-NMR as follows. ECP 500 nuclear magnetic
resonance apparatus {'H: 500 MHz) manﬁfacturedlnrJEOL 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
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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 than 1.8. [0294] The number of methyl branches and
ethyl branches in the 15 ethylene palymers is greatly dependent on how
the ethylene polymers constituting the ethylene p_olymers are pro_duced.
Ethylene polymers obtained by high-pressure radical polymerlzarflclm have
PE &sigeenwabghohimedyd bianches and £thyl hranehes than ethylene
polyr%ers obta?ned tl?y Ziegler-catal%zed 20 cor%rdlnatlon p%@%lerlz%ﬁ-b{ﬁﬂﬁe
conthesnpscpicpostiaation peymeszation & pumber sl methyl randhes
and ethyl branches in the ethylene polymers Is greatly dependéent o
Che@dIBROSItIAR (AHASI AIPONG, PORYIeNS, J-hutege a@gﬁ%g?e (13571 by
(propylene/ethylene, 1-butene/ethylene) in the polymeriza |o|n 13 or of
gl thylene-pal r t a number o
volaysiensAceordigly dhe g RYYFers Hhat ggf%elﬁqﬁ qiartz gl ass

methyl branches and ethyl branches (A + B) as descri in

tub®VYRRHOAMAY behsediced QYOi%QaSiﬁgeoﬁlgtﬁE@]?giﬁe%tﬂg ted at(i)lgfo o(

1-butene/ethylene ratio. 5 Requirement [5] In the ethylene polymers

to dieviavenien tbenzaie @9&Y@ﬁ?si%qtﬁpogis[gcg_aﬁ’é]zaeng the weight

“average molecular weight (Mw) measured by GPC-vistomefry 4 <
0= EEROIIRO0) SalshRBAORIER VAP0 10001 IO XMNEAS o
710 <_4.5x10-1-3 X MW3.4 (EQ-1), pretera y_satlsﬁl_ qua |Qn d-
Kaghelowo Ryouiki Zoukan (Region of chemistry, extra edition)
No. 141, NMR - Sousetsu to Jikken Gaido (Review and Experimental

Guide) [I], pp. 132-133. The number of methyl branches 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 intenéities at 5-45 ppm. The number of ethyl
branches is calculated from the integrated intensity ratio of
the absorption intensity (10.8 ppm) assigned to the ethyl groups
of the ethyl branches relative to the integrated total of the
absorption intensities at 5-45 ppm.

[Zero-shear viscosity (1q)]

The zero-shear viscosity [, (P)] at 200°C is measured
by the following method. In detail, the zero-shear viscosity
Mo (P)] is determined by measuring the distribution of shear
viscosity (n7) at 200°C at an angular velocity [w (rad/sec)]

in the range of 0.02512<m<100. The measurement is performed



0.05x 10-13 X MW3.4<71054.5x 1013 x Mw3.4 . (Eg-2), more
preferably satisfy Equation (Eg-3) below: 0.10 x 10-13 x Mw3.4 5 710 5
3.5x10-13 x Mw3.4 (Eg-3), 15 and particularly preferably satisfy
Equation (Eg-4) below: 0.15 X 10 135X MW3.4 _< Tjo <_ 1.8 X 10-13 x
Mw3'4 ... (Eg-4). According to literature (C. Gabriel, H. Munstedt, J.
Rheol., 47(3), 619 (2003)), when the zero-shear viscosity [Tjo (P)] is
as degibialogaritpicaliyplottedagairst the weight S20-averagadeelecwar

weight (Mw), the sloe of the plot is in accordance with the 3.4 power law
Sk - sfou polyiners suck: as reng whetmbranchb dres: linearigthylenepelymers in
- which elongation viscosity does not show strain hardening
[ o2 draracteristics, but the zero-shear viscosity [Tjo (P) ] is lower 139 than
the power law for polymers such as high-pressure low-density

polygthyienes. ignuhich.elaraationVigcosilySioms] skail Bjehardenigdche

characteristics. When the zero-shear viscosity [t (P) ] at 200C is not more

5 Carnban &bddD-43 XMuedk4 Sithemlosgatient vecasitycofdhelathylensy curve
polymers shows strain rate hardening characteristics and consequently

(didbe sthylene pelysersde ngteaisetake ypsSpgeg(D20p]Vderthylenes) )

polymers (i) that satisfy the requirements 10 [1] to [5] described above
accdyayide atlvaatagenus eHfeetslaswitl bedeserbeaskiatesdinmost of the
plastic industry applications. However, in order to reliably prevent
{ o2 7acridental or sudden problems in processability or flowability, the
ethylene

n*,ﬁqo [:H' (m) _a] fn-1)/ a '"(EQ"S)

10 [0277]
In the eguation above, A represents a parameter having
a time dimension, and n indicates a power index of the material.
The fitting by a nonlinear least équaras method is made such
that d represented by Equation (Eg-6) below becomes minimum.

i5 {02781

1%
d = Zkog lﬁf?exp(w) “LOg i(ﬁcﬂk (fl)) }Z v t(Eq - 6)

=D (2512

[c279]
In the equation above, TNexp (©) is the measured shear
x}iscosity and Mea1e (0) is the shear viscosity calculated from
20 the Carresau model.

[Weight average molecular weight (Mw) by GPC-VISCO]
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polymers preferably satisfy the requirement [6] below in 15 addition_ to the
requirements [1] to [5]. Requirement [6] In the e.thylene.polymers (@, f[he
intrinsic viscosity ([r]] (dl/g)) measured at 135C in dec;alln and the weight
average molecular weight (Mw) meagured by GPC-viscometry '
(GPC-VISCO) 20 satisfy Equation (Eq-7) below: O.SQ x 10-4 x _MW 776 <
[1]] <_1.65x10-4 x MW'776 ... (EQ-7), preferably satisfy Equatlong)(Eq-8gj
below: 0.90 X 10-4 x MW'776 < rg <1.55x10-4 x MW'776 ... (EQ-8), Ian
mo?g%?e%eréﬁjl)}%aﬁgf?ﬁaq%%t%h E&%‘)%&Wﬁ@“—.o@f& 159; X Mw 77(|3
< Il <.1.40 x10- '716.. . (EQ-9) As known in the art (for example,
AR ar]&?*}?\é%éé ﬁé%ﬁ?ﬁﬁwgém@rg B, AFaAefed rom
watBolymer Il D, 137 %Lg%@lethylen polymers having long-chain branches .

show 3 5 smaller miangic viakosit dfighh-@laton4e the Afldcgmard

Wegigh com d fa linear ethylene polymers having_no long-chain

ol pranc rt?eq's?d %%ge%%ﬁeér?} egpgmgs(i)afdﬁ‘%hlés et cﬁﬂ‘?ﬁﬁ% I%Z\%Ie%s_.
0 -chajin branches and exhibit excellent processability and flow

The pg%reﬁtﬁjé v?# n aegiﬁ ntrivsic ViscOsity filffIRPRIAG MBAS®ahel.65 x

i I
o- B MI A0S, Elplens pohmer ) The gihtere homopcmrs

or copolymers according to
is ﬁﬁ%@@gﬁggcgpggggﬁggfl_o ml/min. The sample concentration

is 0.1 wt%. The detector is a differential refractometer.
Three capillaiy viscometers are used. Polystyrenes
manufactured by TOSOH CdRPORATION are used as standards. The
meésured.viscosity is calculated with the viscometers and the
refractometer, and the weight average molecular weight (Mw)
is calculated by universal calibration of the measured
viscosity.
[Molecular weight at maximum weight fraction (peak top M),
number.average molecular weight (Mn), Z-average moclecular
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)]
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
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ethylene and C4-10 a-olefins, preferably copolymers of ethylene and
C4-10 a-olefins (when 1-butene is used as a comonomer, an a-olefin of 6
to 10 carbon atoms is always used together), and more preferably
copolymers of ethylene and C6-10 2§sa-olefins. The C4-10 a-olefins
copolymerized with ethylene include 1-butene, 1-hexene,
4-methyl-lI-pentene, 1-octene and 1-decene. [0297] The ethylene

molR0mers,efihe invantionpave dhefollowing 141, rgpertigs £h #a tVik i on
[0298] (I) The melt flow rate (MFR) is in the range of 0.1 to 100 g/I0 min,

curkeferably 0 1@ 303 EQ Mipnand Jlorepraferallyal 4 1030 9/ieMise of
With the melt flow rate (MFR) being 0.1 g/10 min or above, the ethylene

gel ROMREiSShoN asherkYiseesiynvhich sismotexsrssivehbhigh and

permits excellent processability. With the melt flow rate (MFR) being not

t empBRthan 100.0/1Qminy e sthylonsmelyyerssihowndaed insileed by
strength or heat seal 10 strength. [0299] The melt flow rate (MFR) is

watdeavily dependent on the molecular weight. In detail, the smaller the melt
flow rate (MFR), the higher the molecular weight, and the larger the melt

[o2d&flow rate (MFR), the lower the molecular weight. The molecular weight
of ethylene polymers is known to be determined by the composition ratio

[apP Pydrogenand-eihilenedhydrogen/ethylene)

Analysis software: chromatography data system Empower
(Waters)

Columns: two TSK gel GMH;;HT columns + two TSKlgel GMH¢-HTL
columns (each 7.5 mm in inner diameter and 30 cm in length,
manufactured by TOSOH CORPORATION)

Mcbile phase: o-dichlorobenzene (special grade reagent
manufactured by Wako Pure Chemical Industries, Ltd.)

Detector: differential refractoﬁeter (built in the
chromatograph)

Column temperature: 140°C

Flow rate: 1.0 mL/min

Injection amount: 500 WL

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
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present in the polymerization 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 increzsing or decreasing the
hydrogen/ethylene ratio. [0300] (Il) The density (d) is in the range of 875
to 970 kg/m3, 142 preferably 885 to 964 kg/m3, and more preferably 903

to 935 hen_ the densi is,875,kg/m3 or above, the ethylene
poly%ﬁgﬁ%gr}l %%’é f}'rr%é%%%vin%t}'/lé\%)rshkﬁja%% SCKiTEsES Wik fieteridhy
j r 970 ka/m3, the ethylene polymers show good 5
pd%ﬁéﬁ%ﬁ%&? S-é"’éffﬁg"" B%)%]ejriﬁleséc[ﬁgaé]]afﬁceedgﬂst% i d8pBfHdént on
-olef] ntin.the ethylen lymers. The lower the a-olef in
calgg%r%%%% %lg %?Cit!ﬁ]é'l %e%egﬁ)% ra‘hd%ge jhxllgﬁ?e'r the Befirr S&men@ihe 753,

z. dowey;10the E??géﬁ%h,e ﬁ?oi?éi”ocfgt?tﬁtgig ﬁhyle{ﬁ]%g ?ﬁ%nzg%iiﬁgng\é@ght

to be determine € composition ratio of ‘a-olefins~a

splefins/ lene) present in the_polymerization system_(for example,
e L B e PRb P Mg ahane
the aforementioned range

- o density
(Mn§U ﬂgﬁ%ggyg&eﬁoé%ghaia%@e%g r‘i]:SI]EXdIz s RAriQR 'nyee[ﬁﬁgﬁ RS age

may be produced by increasing or decreas
) . . - )

oo SRR O OB RS At i
and ratio of Z-average molecular weight to weight average
molecular weighﬁ (Mz/Mw) are calculated from the molecular
weight distribution curve.
[ Mue +zc/Ma1]

The rati§ Myesgt/Ma11 18 determined by **C-NMR as follows.
The measurement is performed using ECP 500 nuclear magnetic
resonance apparatus ('H: 500 MHz) manufactured by JEOL Ltd.,
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 -
Scusetsu to Jikken Gaido (Review and Experimental Guide) [I],
Pp. 132-133.
[0281]

The contents of the respective branches may be calculated
based on the integrated intensity ratio of the absorption
intensities appearing in the following regions: methyl

branches: 19.9 ppm, ethyl branches: 10.8 ppm, propyl branches:
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20 more preferably 3.00 x 10-4 to 5.00 x 10-4, wherein [MT (g)] is the melt
tension at 190C and [ij* (Poise) ] is the shear viscosity at 200C and an
angular velocity of 1.0 rad/sec. With MT/r)* being not less than 2.50 x
10-4, the ethylene polymers have gegeptable neck-in. 143 03 033 (1V)
The total of methyl branches [A (/1000 C)] and ethyl branches [B (/1000
C)],[(A+B) (/1000 C) ], according to 13C-NMR is not more than 1.8;

14 PrEfiaboRoh e foan L5 Juoie B Heialabk o) Ngselig 085 andopm,

stil'more préferably not more than 5. The numbeérs of me hyl branches

hexﬁ]da%aylh? egin the ipyention ar ined to be per 1000 carbon

atoms as will be described later. [0304] 10 If the ethylene polymers have

t-chain br u ethyl branches and ethyl branches, the
[Imgjﬁ]g{r:}[?ghcgiangrasagn%%gg%gtlﬂf}:?rﬁorated in the crystal and the crystal plane
spagings: larged, resulting in | ed ical.s €:
e S TN B o T e i o

dec&HQUILMEQUKA, 1p5hU]SU (kgﬁd%ﬁ%é FONDRr the
POLYMERS AND LIFETIME EXTENDING TECHNOLOGY); edited by

eth B0 K0 Q3aamfl Al1 N5, 2005, 43 481) 1 Gapd wecharigaksirengi of ne

he ethylene polymers is ensured when the total number of methyl

spe@{%qb@eéjfge@ﬁ%lbﬁancw gs@fa@%moa%t%aﬂlﬁa@ﬂ [Q305] e |

number of methyl branc¢hes and ethyl branches in the

After the decalin solution is diluted by addition of 5 ml of

decalin, the specific'viscosity nsp.is measured again. The
dilution ié repeated two more times. By extrapolating the
concentration (C) to 0, the value mMg/C is obtained as the
intrinsic viécosity.
[0282]

M] = lim{ng/C)  (C—0)
[Neck-in]

The ethylene copolymer is laminated by extrusion on a 50
g/m? craft paper as a.substrate with use of a lamiﬁator
manufactured by Sumitomo Heavy Industries, Ltd. which has a
65 mm diameter extruder and a T-die with a die width df 500
mm, under the following 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
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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 144 methyl branches and ethyl
branches than ethylene polymers qbtained by Ziegler-catalyzed
coordination polymerization. In the case of coordination polymerization,
the number of methyl branches and ethyl branches in the ethylene

lymers is greatly 5 dependent on the composition ratios among
H %?o%y%ﬁé,uﬁbﬁeneega %&?Ié‘ffé“(lﬁ?oﬁléﬁ@/&ﬁy@%’e‘?'up speed of 200

m /m:_LLiputene/ethylene) in the polymerization system. Accor(_jingly, the total
number of methyl branches and ethyl branches (A + B) in the ethylene

I b trolled by.i sipg or decreasing the 10 ,
e enel e hs Al TOSGAT) She A ohear o st 2obe fae
: d ight olecular wejght (Mw) measured by
e e e O sty Eh‘ég?ﬁo%&-)ﬁ[bjgﬁ;bg]&;a%?%?ﬁ on
=13 "<=g, 54,50x,10-:13XMw3.4 _ (Eq(r)1) [O preferably
ks s Ll S |

5X10-13XMw3,4=04,50X10'13XMw3.4 _(r) (Eq 2) [0310] more
preferably satisfy Equation (Eq-3) below: 145

{Filmbreakagespeedandtake—offspeedatuﬁdchsurgingoccurs}

The ethylene copolymer is laminated by extrusion on a 50

‘g/m® craft bpaper as a substrate with use of a laminator

manufactured by SUMI TOMO Heavy Industries, Ltd. which
has a 65 mm diameter éxtruder 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 such that the film thickness at a take-up speed
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 film is regarded to
be broken even when only an edge thereof is cut) is determined
as the film breakage speed.

{0285]

Separately, the take-up speed is increased and the

neck~in is measured five times at each take-up speed. The

results of the five measurements are averaged. The take-up
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[0311] O,1Qx1013xMw3,4~_f1003,5x1 -13x 3,4 _ (r) ( 3) [0312] and
particularly preferably satisfy Equation (Eg-4) below: 5 [0313] 0,1Sx1
"13XMw3'4< ~10 1. 0x1Q' 3XM 3.4 tlw_ $q(r)4~ [0314] According to
literature (C. Gabriel, H. Munstedt, 82Rheol., 47(3), 619 (2003)), when
the zero-shear viscosity [r)0 10 (P)] is double-logarithmically plotted
against the weight average molecular weight (Mw) , the zero-shear

specdSeasiiyHisdh acrordange withothecdd mowes lnwdfeuiesiessuch-asule in
long-chain branch-free, linear ethylene polymers in which elongation -

an aViseesily deesnat-shaw stiain hardering:chasaetefistige il bibg as the
zero-shear viscosity [r)0 (P)] is lower than the power law for resins such -

t ak edplighgpessura fowgearity pelyethylenesur avhich elongation viscosity
shows strain rate hardening characteristics. When the zero-shear
[o2g8wgcosity [110 (P)] at 200C is not more than 4.50 x 10-13 x Mw3.4, the
elongation 20 viscosity of the ethylene polymers shows strain rate
[Rediatderiag sehiaracteristics and consequently the ethylene polymers do not
cause take-up surge. 146 [0315] That the ethylene polymers satisfy
Equatkoe £he-le mbavepssyenyinouswith dtal dog P ko) anddogiMes thas ¢
are obtained by double-logarithmically plotting 710 and Mw of the
g/m’ethylene paper as a substrate 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, under the conditions wherein the 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 20 }.uﬁ. The resin pressure
at the crosshead is measured during the extrusion.
[0287]
[Eeat seal strengthl]

The ethylene copolymer is laminated by extrusion on a
substrate with use of a laminator manufactured by Sumitomo Heavy
Industries, Ltd. which has a 65 mm diame_ter extruder and a T-die
with a die width of 500 mm, under the conditions wherein the
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

ig 25 pm. The substrate herein is a multilayer structure

prepared by applying a urethane anchor coating agent on a

surface of a 15 um thick biaxially stretched nylon £ilm (EMBLEM
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5 polymers meet Equation (Eg-i') described below: [0316] 3.4log(Mw) -
15.0000 <_ log(110) <_ 3.4log(Mw) - 12.3468 ... (Eg-1") (VI) The
molecular weight at the maximum weight fraction 10 (peak top M) in a
molecular weight distribution curve@fgtained by GPC is in the range of 1.
0x104'30to 1.0 x 104'50, and preferably 1.0 X 104.30 to 1.0 X 104.40.
[0317] The mechanical strength of ethylene polymers is greatly 15

onm FHERIEELRYE lopcmolnculny weight commponents: o Ne RIESERER Pf dOW ruging

molecular weight components increases molecular terminals that are

thefggﬁi%ﬁ%%%%%g %@@9&@@@5@%}6&63%’%&9{!}%’@%‘% ?ggpﬁ%%'rein

strengt ene Gijutsu Dokuhon (Polyethylene Tec ogy

the ReaMEN: nedited by, Kazyq Mafsywra 2G.and, Nagiaka Mikami, Ke@yQse 1 ght
Chosakai Publishing, Inc., 2001, p. 45) . When the molecular weight at

eactine Maxipuryweight raghar, dpeak; top M) h%n@é%@&%wgiahgemylem
distribution curve obtained "by GPC is not less than 1. 0 X 104.30 the

and eihylene palymers sopialn a.small amount elloywgpolecHlar weight

components adversely 147 affécting mechanical strength and thus

pol fchigyesxcellent, mechapica);strengiha IA348] The malacularaueight at

the maximum weight fraction in 5 a molécular weight distribution curve

ext PRIARGALY GRCJB koM. 19 Pedaterpinedby e cogwresiionalio Al yer
hydrogen and _

structure.

[0288]

The heat seal stréngth between the ethylene éopqumer
layers in the laminate film obtained by extrusion is meésured
and evaluated under the following conditions.

A one-gide hot bar sealer is used.

Heat seal pressure: 2 kg/cm?

Heat seal time: 0.5 sec

Seal bar width: 10 mm

Test piece width: 15 mm

Peel angle: 180°

Peel rate: 300 mm/min

Ethylene polymers (i)

The ethylene homopolymers or copelymers according to the
invention are homopolymers of ethylene or copolymers of
ethylene and C4-10 d-olefins, preferably copolymers of

ethylene and C4-10 a-olefins (when 1l-butene is used as a
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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 10 molecular
weight at the maximum weight fractjgn 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
com ﬁTgaioFé%n%, B(rie?e%rzaﬁlyoe%o%o?fmgs 6f& %n%tﬁr&scﬁ-sl&iyo&fgf?nélsed
togdWRER Putens-lis, us a comanomer, an a-olefin of 6 tg 10 carb _
og & P Sﬁgxlngrg ge etﬁ%rr,? ncao%%%éng%:c‘;esr&)? eggp% Ene an 5 6-10

atoms 1s always used toge Yy copolymers o

thylene ang C6- -olefins..The, C4-10 a-olefins copolymerized wjth
ooy r}‘:nykIelrEf’e" inl’é% e %f%ﬁjfegné% igﬁee%lnne? -ﬁ?e?l#‘ﬂ-%léﬁfg%g ‘.’f-lotéer% %X&ene
: -decen: Q] The ene cgpolymers, of.the invention have the 148
lnc#c‘i‘l ow%g%pdr%%ééiésq(l)ﬁf% .g’[o Zrﬁ%&)ﬁﬁlfe el Tlow rate (MFR) 1S Herand
1—dé@@?1%9f 0.1 to 100 g/10 min, preferably 1. 0 to 50 g/10 min, and more
preterably 5 4 to 30 g/10 min. [0322] With the melt flow rate (MFR) being
[02 éjgjj 0/10 min or above, the ethylene copolymers show a shear viscosity
which is not

The ethylene polymers (i) of the invention satisfy the
following reguirements [1] to [5] at the same time. The
requirements [1l] to [5] will be described in detail below.

Reguiremant [1]

The melt flow rate (MFR) of the ethylene polymers (i) as
ﬁeasured at 190°C under a locad of 2.16 kg isg in the range of
0.1 te 100 g/10 min, preferably 1.0 to 50 g/10 min, and more
preferably 4.0 to 30. With MFR being 0.1 g/10 min or above,
tﬁe ethylene polymers show a shear viscosity which is not
exc_essively high and permits excellent processability, and the
polymers cangive shaped articles such as £ilms having excellent
appearance. With MFR being not more than 100 g/10 min, the
ethylene polymers show good tensile strength or heat seal
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
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excessively high and permits excellent processability. With 10 the melt
flow rate (MFR) being not more than 100 g/10 min, the ethylene
copolymers show good tensile strength or heat seal strength. [0323] The
melt flow rate (MFR) is heavily depegglent 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
e% The malecular _weight of ethylene copolymers is known to be
SErRineFBPthe: coflifodiforPiiib®or MRiGHEh Qid etijtdimne polymers
(3 )(kgdr en/ethylene) 2Q present in the polymerization system (for exgmple,
*IERTAROTIE TOLERINBER VIMER 2 AN ON*ee SIRRPRF Khi G5 SHaa et @
h dKODANSHA SCIENTIFIC, 1990, p. 376) . The melt flow rate (MFR) of the
YRS h PSR SRSy hexIrashad By Mckeasig B eRertashivy thee
1h drogen/ethylene ratio. w-". %149 [0324] (II) The density (d) is in the
PO IRGEISFET60 SIS ThreRf abiy Bhisth 138 IQfmBhane iaréene
ol referab& 903 to 930_kg/m3. When the density (d) is 875 kg/m3 or above,
PO i &ty teri 5CORBR hiers GAMGVEiRs KRR FAGRIAERHRRLEF IN
POLméhe density (d) is not more than 936 kg/m3, the ethylene ,
copolyars Show good MEchEhTE Strengfiieu @r &y Resesdap eyt (1)

nd pack hreakage strength. [0325
thaf gé%e R raggfng %ro& thg lower limit to the upper limit
as described in claims of the invention may be produced by
increasing or decreasing the hydrogen/ethylene ratio.

Reguirement [2]

The ethylene polyme:t_:s (i) have a density (d) in the range
of 875 to 970 kg/m’, preferably 885 to 964 kg/m®, and more
preferably 905 to 960 kg/m’.

[0291}

When the density (d) is 875 kg/m® or above, the ethylene
polymers can give films having low surface tac'kiness. When the
density (d) is not more than 970 kg/m?®, the ethylene polymers
show good low-temperature sealing properties.

[0292]

In general, the density is dependent on the ¢-olefin
content in the ethylene polymers. The lower the o-olefin
content, the higher the den.sity, and the higher the g-olefin
content, the lower the density. The a-olefin content in

ethylene polymers ig known to be determined by the composition
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10 The density is dependent on the U,-olefin content in the ethylene
copolymers. The lower the a-olefin content, the higher the density, and
the higher the a-olefin content, the lower the density. The a-olefin content
in ethylene copolymers is known to;gg determined by the composition
‘ratio of a-olefins 15 and ethylene ((X-olefins/ethylene) present in the
polymerization system (for example, Walter Kaminsky, Makromol. Chem.

193 606.(1992)). A d th h | that h
rath%nsﬁy A i or)émei%%rné%%ngf A ene ok gpent
h lefin/ th tio. [032 I T. t T/
in S5SNI aé)%ﬁ‘ai% SRERCL SN0 SR 4‘93 el Xk aery,
7 ly 3. 0 10 Q0 ,
vk e T e el O tﬁé%é%?my

ot T SR

bl | f hyl b A 10 0
er eCglgettﬁayl %S: If?wes B%l%)%bgg eh[ l? %;n)(%f)%ﬁ’ g)%(:h%e%co fate t%c%):lon

of th @%@1&%" %Q 185 §’J%I ‘Bl gl %rgﬁ}%‘” 1. %h@oéetﬁiolsene

preferably not 8, and still more pre y not more t

polmump?r%RL@%QW§rgn&Q8%%@9 %.Igﬁglng from the lower limit

to the upper limit as described in claims of the invention may

be produced.

-Requirement [3]

In the ethylene polymerxs (i)}, the ratio [MT/n* {g/P)] is
in the range of 1.50 x 10™* to 9.00 x 10™%, preferably 2.00 x
107* to 7.00 x 107%*, and more preferably 2.60 x 10™® to 5.00 x
107* wherein [MT (g)] is the melt tension at 190°C and In* (P)].
is the shear viscosity at 200°C and an anguiar veloéity of 1.0
rad/sec. With MT/n* being not less than 1.50 x 107%, the
ethylene polymers have acceptable neck-in.

Recquirement [4]

The ethylene polymers (i) have a total of methyl branches
(/1000 €)) 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 than 0.8, and particularly preferably not
more than 0.5 according te **C-NMR. The numbers of methyl

branches and ethyl branches in the invention are defined to
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branches in the invention are defined to be per 1000 carbon atoms as will
be described later. [0329] 15 If the ethylene copolymers have short-chain
branches such as methyl branches and ethyl branches, the short-chain
branches are incorporated in the cigstal and the crystal plane spacings
are enlarged, resulting in lowered mechanical strength of the resins (for
example, KOUBUNSHI NO JUMYOU YOSOKU TO CHOUJUMYOUKA

be ZOCPMTSYLIEETIME PREDICTION QF.PQLYMERS ANR LIEETIME

XTENDING TECHNOLOGY), edited by Zenjiro Osawa, et al., NTS,

ro2 992, p. 481). Good mechanical strength of the ethylene copolymers is

ensured when the total number of methyl branches and ethyl branches (A

+B}is ea&n@éﬁﬁ%@l&fﬁ&ﬁ%@@q}m@ gumber abmethyl branshes and.,

ethyl branches in the ethylene copolymers is greatly dependent on how

as m@@rsﬁyﬁ&eﬂeelﬂﬂara@f&m@%ﬁ&l@gbyl@ﬂs gae@xmsmataﬁes%%s

5 high-pressure radical polymerization have a larger number of methy

are ARERSR,3AG ethyl branches fhan ethylanecapolumers: otained B o ings

Ziegler-catalyzed coordination polymerization. In the case of coordination

are RAMMSHzation. dhe pumber.of methyl-bsapchasand-gthyk Pranches id e ne

ethylené copolymers is 10 greatly dependent on the composition ratios

pol ARANY AreRylengarshutenpansiataviengdrrepyiene/etidenss ro

1-butene/ethylene) in the polymerization system. Accordingly, the total

cHOBSHRES U YHRGNCIES ARY Bl Praches fon B INtbE AMeNawD

LIFETIME EXTENDING TECHNOLOGY), Zenjiroc Osawa, et al., p. 481,
NTS (2002)). Goodmechanical strength of the eﬁhylene polymers
ig ensured when the total number of methyl branches and. ethyl
branches (A + B) is not more than 1.8.

[0294]

The number of methyl branches and ethyl branches in the
ethylene polymers 1is 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 cobtained by Ziegler-catalyzed
coordination polymerization. In the case of coordination
polymerization, the number of methyl branches and ethyl
brancheg in the ethylene polymers is greatly dependent on the
composition ratios among propylene, l-butene and ethylene

{(propylene/ethylene, 1-butene/ethylene) in the polymerization
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copolymers may be controlled by increasing or decreasing the 15
1-butene/ethylene ratio. [03311 (V) The zero-shear viscosity at 200C [Tto
(P)] and the weight average molecular weight (Mw) measured by
GPC-viscometry (GPC-VISCO) satigfg Equation (Eg-1) below: 20 [03321
0,01XIO-I3X W3A 10 4, QXIp- BXMW3A __ (r) (Eq(r)1) [03331 preferably
satisfy Equation (Eg-2) below: 152 [0334] Q,Q x1Q"3x

eystefi40nAba0Rke: §23-%1’fe( é%)h{%éé&%%p%ﬁ%ffgawé@tﬁ%éqga&ieea1

(Eg-3) below: 5 [033 TO.IOxIOl3X W3.4{;g0 0,50x1ff13x w3,4 (.31

nuni@334kandkparicarly preferabiy-satisty Fouation Ford) Below: 40338l peq
0,1 x1Q.13XMW3,4<1~<l, Qx 13XMw3,4 ... (E .4) 10 [0339] According to

in diefate (6. Galriel, b MunstedsJ- RheglaH3:HIRA(2003DWheRy or

the zero-shear viscosity ['no (P)] is double-logarithmically plotted against

deciie weight ipaverage malecularweight (Mw); Jthe zero-shear viscosity is
in

Reguirement [5]

In the ethylene polymers (i} of the invention, the
zero-shear viscosity at 200°C [n, (P)] and the weight average
molecular weight (Mw) measured by GPC-viscometry {(GPC-VISCO)
satisfy Equation (Eg-1l) below:

0.01 x 107 x Mw’* £ Tlé < 4.5 x 10“13_:‘; Mw? % -« (Eg-1),
preferably satisfy Equation (Eg-2) below:

0.05 x 107" x Mw** €1y £ 4.5 x 10‘3:3 x Mw® .. (Bg-2),
more preferably satisfy Egquation (Eg-3) below:

0.10 x 102 x Mw* € me € 3.5 x 107 x Mw>* + . _(Eq-B.),
and particularly preferably satisfy Equation (Eg-4) below:

0.15 x 107 x Mw** €My £ 1.8 x 107* x Mw’* .-+ (Eg-4).

According to literature (C. Gabriel, H. Munstedt, J.
Rheol., 47(3), 619 (2003}), when the zero-shear viscosity [1,
(P}] is double-logarithmicelly plotted against the weight
average mclecular weight (Mw), the slioe of the plot is in
accordance with the 3.4 power law for polymers such as
long-chain branch-£free, linear ethylene pdlymers in which

elongation viscosity does not show strain hardening

characteristics, but the zero-shear vigcosity [Me (P)] is lower
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accordance with the 3.4 power law for resins such as long-chain
branch-free, linear ethylene copolymers in which elongation viscosity
does not show strain hardening characteristics, but the zero-shear
viscosity [r)o (P)] is lower than the p8Wer law 20 for resins such as
high-pressure low-density polyethylenes in which elongation viscosity
shows strain rate hardening 153 characteristics. when the zero-shear

thawisensity letP)l atv 200€ issD{moFe thaneh 58 H-48 poMuSshthe
elongation viscosity of the ethylene copolymers shows strain rate

1ow haegdening charaaiensticsaans congaquenty ibegikyloned sepalyrersHows
not cause take-up surge. [0340] That the ethylene copolymers satisfy

stripatan éEa-)cahovegs Syneryvews with dkat logie) andslogéviy) hatar
are obtained by double-logarithmically plotting rjo and Mw of the 10

visSdudene cRpolymers meefdquation fredrordesaiibgdibelop: [0341] w4,
3.4log(Mw) - 15.0000 <_ log(r)o) < 3.4log(Mw) - 12.3468 ... (Eg-i') (VI)

the Eiemgiecidar weight af the sraxinwenreigbifeagion 42 keakiopM)dR 2in

molecular weight distribution curve obtained by GPC is in the range of 1.
rat® xd0de0iad . 0nekkbkrireterablyaAd ¥ 3042 ienk:0 « Hk40+rard ene

more preferably 1.0 x 104.30 to 1.0 X 104.40 [0342] 20 The mechanical
polpitengthdef eibylenatepolymess isgreattye .
[0285]

The ethyliene polymers (i) that satisfy the regquirements

[1] to [5] described above provide advantageous effects as will
be described later, inmost of the plastic industry aepplications.
However, in crder to reliably prevent accidental or sudden
problems in processability or flowability, the ethylene
polymers preferably satisfy the reguirement [6] below in

addition to the requirements [1] to [5].

Requirement [6]

In the ethylané poly'mers' (i}, the intrinsic viscosity
(Im] (d1/g)) measured at 135°C in decalin and the weight average
molecular weight (Mw) measured by GPC-viscometry (GPC-VISCO)
gatisfy Equation (Eg-7) below:

0.80x 10* xMw’ 77" < [n] €£1.65x 10 xMw® "% « -+ (Eq-7),
preferably satisfy Egquation (Eg-8) below:

0.90 x 10°¢ >e:_1vn.\r°-"’"’6 < 1) €£1.55x107% x Mw®-77® L (Eq-8),

and more preferably satisfy Equation (Eg-9) below:
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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 Dokyhon 154 (Polyethylene Technology
Reader)", edited by Kazuo Matsuura and Naotaka Mikami, Kogyo
Chosakai Publishing, Inc., 2001, p. 45). When the molecular weight at the
maximum wejght fr ctcion,ﬁ(ge Kk op )ina ecular weight distributior
cuar(%(/'ergoldbfé\(@d S}b)g Bpc is“ngpl];s"é a%%fbmféloffz Ythe ethylenzEéq )
CORYY SRRt Aomglbameunt QLigppalechat HEGN! SEMARNERTS
adversely affecting mechanical strength and thus achieve excellent
apvaAEERANIGALSIRARR [BARL A0 The MmolecUBEREN ARG MPIMUM 137
weight fraction (peak top M) in a molecular weight distribution curve _
(gineg i £ 1 SAOHALL edpadnined OV dhe compasilian atogly, -
19 ; . 5 11C
( 9%}t}dﬁ:ogen a %&hyl%ne?#ydrogeﬁ/ethy%ne) pgiesent In the polymerlzatlo‘ﬁ @

= ) Ao g T KOOSR SCIENTIFIC, 1660 376y

mol e%ﬁ@lﬁgﬁ'aﬁ‘é’%éghéé‘& @Y, weight s migﬂéwgf@ ﬂh@ing

molecular weight distribution curve may be controlled by increasing or

no 4G£LLASIY the, hydragen/ethylenedalio 120,034} BHienepglygers §y

The ethylene homopolymers or copolymers according to the :
invention have a large number of long-chain branches and exhibit
excellent processability and fiowability particularly when the
intrinsic viscosity {n} (dl/g) is not more than 1.65 x 107* x
Mw{j.'f?s ) '

[0296]

Ethylene polymers (ii)

The ethylene homopolymers or copolymers according to the
invention are homopolymers of ethylene or copolymer.s of
ethylene and C4-10 a-olefins, preferably copolymers of
ethflene and C4-10 0-olefins (when l-butene is used as a
comonomer, an o-olefin cf 6 to 10 carbon atoms is always used
together), and more preferably copolymers of ethylene and C6-10
o-olefins. The C4-10 o-olefins copolymerized with ethylene
include 1l-butene, l-hexene, 4-methyl-1l-pentene, 1-octene and
l1-decene.

[0297]

The ethylene polymers of the invention have the following



10

15

20

invention are homopolymers of ethylene or copolymers of ethylene and
C3-10 a-olefins, preferably copolymers of 155 ethylene and C4-8
a-olefins, and more preferably copolymers of ethylene and C4-6 a-olefins.
The C3-10 a-olefins copolymerized yyith ethylene include propylene,
1-butene, 1-hexene, 4-methyl-I-pentene, 1-octene and 1-decene. 5 [0345]
The ethylene polymers of the invention have the following properties (1) to
ro%\é)x.i{qs%]é%Thg rag'g,gIMe,Et/Mall] is in the range of 0.30 to 1.00, 10
P re era%‘T’y : )Otoci. ,-dnd more preferably 0.70 to 1.00 wherein MMe, Et
EG2%tge content (moll) of methyl branches and ethyl branches according to
-NMR and Mail is the content (mol%) of all the branches according to
13C- M@h\éVith IYI?/Ieflft/Ma i q:ein Q.30 or abgve, the ethylene polymers
have dn appropriately WSk B et Ee sttEngth driidhhERageot 0-1 to

easy-opening properti 0347] Branch structures in the ethylene
100 o Iy%eﬁé%’r r%%é%yr %3?1 ed by fie 28 HymMeRZBioR St RRY R GiFTablyY

a-plefins, .Methyl branche resultnilro %O olymerization with propylene 20
4 T .

S A Bty B HoR 6 1051 bR E o A RAREE. gl 10
min %rgré%hggéro %ogg&(r}feéiéation with 1-hexene, isobutyl branches from

COpolymearization with 4-mathy 1 HBRfHE ARk BranRes SRS 1ty which
. . .capalymerization with , 1-octene, and octyl branches from . -
is nc%%oﬁéﬁgﬁzséﬂaér:l\mt igh an permltg exce?fent processability.
With the melt flow rate (MFR) being not more than 100 g/10 min,
the ethylene p_olymers show good tensile strength or heat séal
strength.
{0299]

The melt flow rate (MFR) is heavily dependent on the

molecular weight. 1In detail, the smaller the melt flow rate

(MFR) , the higher the molecular weight, and the larger the melt

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 polymerization 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 polymers may be controlled by increasing or decreasing
the hydrogen/ethylene ratio.

[0300]

(IT) The density (d) is in the range of 875 to 970 kg/m*,
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156 1-decene. [0348] The branch structures in the ethylene polymers
may be quantitatively determined by13C-NMR as will be described later.
5 However, because branch structures longer than hexyl branches cannot
be separated and quantified individuyglly 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

pre ik(%%l%?fég éi%? gr%‘cé%%ro]?lj{%ﬂn@t 34 ﬁb%.%f:?§' Q@g%%% %;ﬁrgleg%;? 935 kg/m?.

nthe polymerization system. AcCor the

Whenemeaglg&ygg%?ai@e%é% FMal &@s@b%@%@l@megﬁ?ozyms

obtained by inéreasing or decréasing the C3.4/C3-10 ratic. [0349] 15°(Il)

can %E%”%'l 1'%}{ Fﬂ%ﬁ(‘fg R)5 iQ&Q‘T; égﬁ%é’é}%&’séqo YRy preferably .,

.0 to 50 g/10 min, and more pre y 410 30 g/1Q min. With the melt

(d) fi%wnréﬁerﬁwéika%igg%@& %%ymﬁqin@&%@%i@%@%@%@%@@{s&%d

a shear viscosity which Is not excessively high and permits excellent

Low P{g%%%ﬂl%ezos\%gﬁg n:g{tgkgg\%@t_ggM FR) being not more than 100

g/10°'min, the ethylene polymers show good tensile strength or heat seal
E03(§1r]ength. [0350] The melt flow rate (MFR) is heavily dependent on the 157
molecular weight. In detail, the smaller the melt flow rate

The density is dependent on the t-olefin content in the
ethylene polymers. The lower the a-olefin content, the higher
the density, and the higher the t-olefin content, the lower
the density. The d-olefin content in ethylene polymers is
known to be determined by the composition ratio of o-olefins
and ethylene (o-olefins/ethylene) present in the
polymerization system (for example, Walter Kaminsky, Makromol.
Chem. 193, p. 606 (1992)). Accordingly, the ethylenfspolymers
that have a derngsity in the aforementioned range may be produced
by increasing or decreasing the t-olefin/ethylene ratio.
[0302]

(I11) The ratio [MT/n* (g/Poise}] is in the range of 2.50
x 107" to 9.00 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
themelttensionat180°0and[n*fPoise)]istheshearviscosity

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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(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 5 composition ratio of
hydrogen and ethylene (hydrogen/etlylene) present in the polymerization
system (for example, "CATALYTIC OLEFIN POLYMERIZATION", edited
by Kazuo Soga, et al., KODANSHA SCIENTIFIC, 1990, p. 376) The melt
{03%%\g rate (MFR) of the ethylene polymers may be controlled by increasing
ecreasing 10 the hydrogen/ethylene ratio: [0351] (I1l) The density (d)

or
of therethylene palymers.or .copolymers of the invention is in the
rang@o 875 to@%%gfrﬁfep%g%%a %/ 945 kyh3°8nd mhor&d ethyl

0 3 / 3 When, the density (d) is 875 kg/m3 qr,
b R e L e GG GHEE o C-NMR

above, the ethylene polymers™ can’gi

is ' the densit is_nat than 970 kg/m3, the ethyl
AU el Rt AU gt Ay

polymers show good' low-temperatire-sealin
P e P R R L ST RS o
el b
B S R g cvor
atokk9%a) AP aoly. the, sthylgns polymers
[0304]

If the ethylgne polymers have short-chain branches such
asnmthylbraﬁchesandethylbranches,theshort—chainbranches
are incorporated in the crystal and the crystal plane spacings
are eplarged, resulting in lowered mechanical strength of the
resins (for example, KOUBUNSHI NO JUMYOQOU YOSOKU Té CEOUJUMYOUKA
GIJUTSU (LIFETIME PREDICTION OF POLYMERS AND LIFETIME
EXTENDING TECHNOLOGY), edited by Zenjiro Osawa, et al., NTSg,
2002, p. 481). CGood mechaniéal strength of the ethylene
polymers is ensured when the total number of methyl branches
and ethyl branches (A + B) is not moré than 1.8,

{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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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/11* (g/Poise)] is in the range 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 mote4preferably 2.60 x 10-4 to 5.00 x
10-4, wherein [MT (g)] is 10 the melt tension and [11* (Poise)] is the shear
viscosity at 200C and an angular velocity of 1.0 rad/sec. With MT/71*

met HRRINGNAt lessthandl . a@ x10-4 1he etfadens polymers, have agearfakie s
neck-in. With MT/71* being not more than 9.00 x 10-4, the ethylene

obtPoluneEs shovegead exiandebilibn 18y d e zeieshedvarasitY & ion .
200C [710 (P)] and the weight average molecular weight (Mw) measured

In tRY GRE-¥BCIRetY H3PCMIBE D) matishyFauation tRanbiniedons @041 y1
0,01x10-13xMw3,40<_4, 0x10*13xMw3,4 ---(g-1) 20 [0355] preferably .

bramaisly Egyation Eadhelovy {0386L16610 A0 0 PMud $E0gARIX1y
10-13xMw3.4 --- (-2) [03571 more preferably satisfy Equation (Eg-3)

dep%%%gﬂ]:t [835818. BnBolBxMwhAr Al 35 Rimkhd 334 endF i3 b Bt ene
and ethylene (propylene/ethylene, l-butene/ethylene) in the
?olymerization system. Accordingly, the total number of
methyl branches and ethyl branches (A + B} in the ethylene
polymers may be controlled by incfeasing or decreasing the
1-butene/ethylene ratio.
[0306]

(V) The zero-shear viscosity at 200°C [Me (P)] and the
weight average molecular weight (Mw) measured by

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

[0307]

00010 xMw** <, 450410 XMW -~ (Bo-1)

{c308]
preferably satisfy Equation (Eg-2) below:

[0309]

00510 0w S, S50 10 Mw™ (B

[0310]

more pfeferably gsatisfy Equation (Eg-3) below:



10

15

20

and particularly preferably satisfy Equation (Eq-4) below: [0360]
0.15x10-13xMw3.4~g0 ~1.80x10_13xMw3,4 (Eq-4) 10 [0361] According
to literature (C. Gabriel, H. Munstedt, J. Rheol., 47(3), 619 (2003)), when
the zero-shear viscosity [no (P)] is gguble-logarithmically plotted against -
the weight average molecular weight (Mw) , the zero-shear viscosity is in
15 accordance with the 3.4 power law for resins such as long-chain

{Oﬁrfpch-free, linear ethylene polymers in which elongation viscosity does
not’show strain hardening characteristics, but the zero-shear viscosity [ijo

- (P)] is lqwer than the power law for resins such as high-pressure

i Iﬂmwmwhﬁmmuﬂ:iﬁzm%ﬁii;s:&zgzj o
160 200C is not more than 4.50 x 10-13 x Mw3,4, the elongation

[Gﬁi§§osity of the ethylene polymers shows strain rate hardening .

characteristics and consequently the ethylene polymers do not cause
ene polymers satisfy Equation

take-up. syrge..5 [0362] That the ethyl

' AEHP :

2 B é%gl\?éngs? yt‘?c;:n%/frﬁgl?sbw?fh- 11550 By BRw ) Bt ble below:

[039Qt]ained by double-logarithmically plotting 11 and Mw of the ethylene
polymers meet Equation (Eg-1") described below: 10 [0363] 3.4log(Mw) -

15.00(.2?3<_ Iogé?dO) <_ 3.4log(Mw) JI .34683 !
0.1% 107 Mw™ £ SLO0X107Mw™ - (B4
{0314]
| According to .literatu:fe (C. Gabriel, H. Munstedt, J.
Rheol., 47(3), 619 (2003)), when the zero-shear vigcosity [ne
(P} is doublaw}.ogarithmica}.ly 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 polymers in which elongation

viscosity does not show strain hardening characteristics, but
the zero-shear viscosity I[N, (P)] is lower rthan 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 [ne (P)] at
200°C is not more than 4.50 x 107*® x Mw®'*%, the elorgation
viscosity of the ethylene polymers shows strain rate hardening
characteristics and consequently the ethylene polymers do not

cause take-up surge.



... (Eg-I') 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 plgained by GPC is in the range of 1.0
x 10420 to 1.0 x 104.50 [0365] 20 The mechanical strength of ethylene
polymers is greatly affected by low molecular weight components. The
[03 PEgsence of low molecular weight components increases molecular
terminals that are considered to be an origin of breakage, leading to

lowered mechanicahstrengih ((Ralyetylene Gijutsl REKUIONA811) above

(Polyethylene Technology Reader)", edited by Kazuo Matsuura™and

is @@%ﬁﬁ%@%ﬁ%@@ﬁ ioﬁ’ugkh%{‘i;%#?ﬁw?ogﬁae- A2 - ben 1. g

ar weight at the um weight fraction (peak top M) in a

by &E‘&'BE{%'@EWﬁég}e%h%@%‘étﬂ%gi’StC@?ﬁ?eﬂ05 Qﬁ@%i%oﬁgﬁétﬂ%iem |

0x104.30t ne po rs contairm a small amount o

5 polyRRieculatweightcomponentsadveysely Lffecting mechapical strength

and thus achieve excellent méchanical strength. [0366] 10 The molecular
[03 ¥¥gight at the maximum weight fraction in a molecular weight distribution
curve obtained by GPC is known to be determined by the composition

g"(‘)tliﬁ n% j_?%éa figgﬁp and, ethydgne Q“%%Q‘?{}’Ft@'%“.ea) PIESSRHN e 5 34635
(Eg~1")
(VI) The molecular weight at the maximum weight fraction
10 {(peak top_M) in a mélecular weight distribution curve obtained
by GPC is inthe range of 1.0x10*%*° to1.0x 10", and preferably

1.0 x 10*7?% to 1.0 x 100,

[0317] |

| The mechanical strength of ethylene polymers is greatly
15 &affected by low molecular weight'components. The presence of
low meolecular weight components increases molecular terminals
that are consgsidered o be an origin of breakage, leading to
lowered mechanical strength (*Polyethylene Gijutsu Dokuhon
(Polyethylene Technology Reader)ﬁ, edited by Kazuo Matsuura
20 and Naotaka Mikami, Kogyo Chosakéi Publishing, Inc., 2001, p.
45} . When the melecular weight at the maximuxyweight fraction
(peak top M) in a molecular weight distribution curve obtained
by GPC is not less than1.0x 10%3°, the ethylene polymers contain

a small amount of low molecular weight components adversely
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system (for example, "CATALYTIC OLEFIN POLYMERIZATION", edited
15 by Kazuo Soga, et al. , KODANSHA SCIENTIFIC, 1990, 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] 20 Treatment methods and applications
of ethylene polymers To reduce variations in properties, particles of the
£ fethglene polymers obtained by the polymerization processes, and other
AL LSS B pBAEAEhay bEGREIRRh, kReadéifgrticrennd putistizberty
o pproiggte methods, 162 [0368] The ethylene polymers of the invention
SCha) behieideéF Mh other thermoplastic resins to give thermoplastic
|:03r1e85'n compositions that have excellent processability and high 5
mechanical strength. The blending ratio of the ethylene polymer and
other. thermoplastic resins may be in the range of 99.1/0.1 to 0.1/99.9.
. (036 EBIMHEY DR BtHET tHE M SRasier dsnsinemdee igkystaling ion in
a ttierm plastic resins such as polyolefins, polyamides, polyesters and
MAofacetis EiF A GHRbEL MEARBpRISHY PSS 3liBR ADNOREE reAdsnown
crylonitrile/qutadiene/styrene (ABS) copolymers, polycarbonates,

to BSIyBRESHBAS SRR a%epéf%ﬁ%f‘é's?% F@?@my%l@?@@mlwd

eth??égng%ﬁ%gg%%h/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 in a molecular
weight distribution curve may be controlled by increasing or
decreasing the hydrogen/ethylene ratio.

[0319]

Ethylene polymers (iii)

The ethylene copolymers according to the invention are
copolymers of ethylene and C4-10 o-oclefins, preferably
copolymers of ethylene and C4-10 g-olefing {whén butene-1 is
used as a comonomer, an O-olefin of 6 to 10 carbonlatoms is
always used together), and more preferably copolymers of
ethylene and C6-10 ¢-olefins. The C4-10 o-olefins
copolymerized with éthylene include 1-butene, l1-hexene,
4-methyl-l-pentene, l-octene and I-decene.

[C320]

The ethylene copolymers of the invention have the
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[0370] The polyolefins include ethylene polymers, propylene polymers,
butene polymers, 4-methyl-i-pentene polymers, 3 -methyl-I-butene
polymers and hexene polymers. In particular, 20 ethylene polymers,
propylene polymers and 4-methyl-lypgntene polymers are preferred. The
ethylene polymers herein may be the ethylene polymers according to the
invention or may be conventional ethylene polymers or ethylene/polar
£ o1 10D o% ;%ir%ge/ir%@c % Iy@gr ,‘%d'preferably 163 conventional
£O }“etﬁ)%eé;e %jig ers. 0331 (?The pg(lyesters include aromatic polyesters
03 h as polyethylene terephthalate, polyethylene naphthalate and 5
polybutylene terephthalate; polycaprolactone and polyhydroxybutyrate.
(0372] Theohariidgsdneiuds alighatie palamidesuchAn MNaN 6, 1 o
Nylon-66, Nylon-10, Nylon-12 and Nylon-46, and 10 aromatic polyamides
100 B4V f,fo{s%s@m&ﬁ%ar'a%'@@gsiﬁoaﬂﬂﬁ','pma%%@lgﬁaﬂgﬂﬂly
e polyacetals include polyformaldehyde (polyoxymethylene), :

4 tooog)éacqu_lge%qg: polypropionaldehyde 15 and polybutylaldehyde. Of
these, polyformaldehyde is particularly preferred. [0374]

[0322]

With.the;nelt fiow:rate (MFR) being 0.1 g/10 min or above,
the ethylene copolymers show a shear wviscosity which is not
excessively high and permits excellent processability. With

the melt flow rate (MFR) being not more than 100 g/10 min, the

ethylene copolymers show good tensile strength or heat seal

strength.
[0323]

The melt flow rate (MFR) is heavily dependent on the
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)
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 (MFR) of the
ethylene copolymers may be controlled by increasing or

decreasing the hydrogen/ethylene ratio.

e
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The polystyrenes include styrene homopolymers and binary copolymers

of styrene with acrylonitrile, methyl methacrylfate 20 or a-methylstyrene.

[0375] The ABS copolymers preferably contain 20 to 35 molt'of strgctural

units derived from acrylonitrile, 20 to,30 molt of structurgl units derived

from butadiene, and 40 to 60 mol% of 164 structural units glerlved from

styrene. [0376] The polycarbonates include polymers obtained from

IS(4-hydroxyphenyl)methane, I,I-bis(4-hydrpxyphenyl)ethane, 5

[03%%-]bis(4-hydroxyphenyl)propane and 2,2-bis(4-hydroxyphenyl)butane. In

parti &J@r olycarbonates obtained from 2, 2 -bis (4 -hydroxyphenyl) ;
propgn ajr%ef)rg%‘?%ﬂ??béﬁ] 18 PRfehediaraeples dftfeto 936 kg/m?,

lyphenylene oxides include, poly(2,6-dimethyl-1,4-phenylene oxide). ;

P re%%%%?i%?e‘%?e&%%ﬁp@/& th@ PeIRFsIaEs frchadel polymathy$30 kg /m® .

methacrylate and polybutyl acrylate. 15 [0379] The thermoplastig resins
Whar%ay%% é%jdséiﬁé’ly,(gr) twiPor® frioré s frayaoysed inhconettingfiem Of
the thermoplastic , resins, the polyolefins are particularly preferable, and

COPS%%%%% %&é\éﬁ‘—e%ﬁﬂ%%&m&mm surface tackiness. When

the density (d) is not more than 936 kg/m*®, the ethylene
copolymers show good mechanical strength such as heat seal
strength and pack breakage strength.

[0325]

The density is dependent on the 0-olefin contént in the
ethyliene copolymers. The lower the o-olefin content, the
higher the density, and the higher the d-olefin content, the
iowerthedensity. T%ec»mﬂefincontent:nlethylenecopclymers
is known to be determined by the composition ratio of a-olefins
and ethylene {a-olefins/ethylene) present in the
polymerizationsystem(forexample,WalterKﬁminsky,Makromol.
Chem. 193, p. 606 (1992)). Accordingly, the ethylene
copolymers that have a density in the aforementioned range may
be produced by increasing or decreasing the G-olefin/ethylene
ratio.

[0326]

(III) The ratio [MT/n* (g/Poise)] is in the range of 2.50

X 10" to 9.00 x 1074, preferably 2.50 x 10™ to 7.00 x 10°%, and

more preferably 3.00 x 107 to 5.00 x 10°* wherein [MT (g)] is
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20 [0380] The ethylene polymers may contain additives in addition to the
above thermoplastic resins while still achieving the objects of the
invention. Exemplary additives are weathering stabilizers, heat stabilizers,
antistatic agents, anti-slip 165 age anti-blocking agents, anti-fogging
~agents, lubricants, pigments, dyes, nucleating agents, plasticizers,
anti-aging agents, hydrochloric acid absorbers and antioxidants. [0381] 5
The_ethylene polymers of the invention, and the thermoplastic resin
the %ﬁﬁ%s%m%tﬁﬁﬁg ke efRAdme ﬁ%lﬁrﬁeﬁéﬁ’ﬁa?%@iﬁoc‘fés%‘éﬁ%iﬁy at
200 od IchocessabiI(iﬁtl)ﬁainto aralﬁrcles having excellent mechanical strength.
reforfed™ ShABEY ARTtIeCA %Y, 8hd taminAf HIfSncluding the 10
{03; s 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, 15

shabt 3B MhGTor RE<RE BRSw HGEIrg poceseds Finfdttion ThBIdiGY 1 ene

copdjocesses or @étrg(s:ign rocesses. 'IC':QQ {ilm-forming processes include
Pextrusion lamination, TRfi€ xfrudR Snt blown-film extrusion (air cooling,

(03 Ter cooling, multistage cooling, high-speed processing). The films thus
obtained may 20 be used individually or may be used as multilayer

SUUGYPSEVIng ¥3rigys unclions; SUCh LIty qr STUBULSY MAYPE e ny
branches [B (/1000C)]1, [(A+B) (/1000 C)], according to *C-NMR
is not morerthan_l.B, preferably not more than 1.3, more
preferably not more tﬁan 0.8, énd still more preferably not
more than 0.5. The numbers of methyl branches and ethyl
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
asn@thylbranchesandethyibranches,theshort-chainbxanches
are incorporated in the crystal and the crystal plane spacings
are enlarged, resulting in lowered mechanical strength of the
resins{forexample,KOUBUNSHINOJUMYOUYOSOWUTOCEDUJUMYOUKA
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
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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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 166 films and coating films). that
are not suited for co-extrusion, by kginating processes such as extrusion
laminating processes or dry laminating processes. Multilayer structures
having higher functions may be manufactured by co-extrusion according
{03§0t? blow molding processes, injection molding processes or extrusion
processes similar to the co-extrusion according to film-forming processes.
[0383] The ethylene. polymers aof the invention,.and the 10 thermoplastic
oot A EOETAAS hE STTeTe Ty RrS by A iR s he
articles such as films, sheets, blow-molded ipfusion bags, blow-molde
et S e T GO L B E 1eRP cHRl nenh o ene
cop Cr>11olgneolr artiacjl_,es il’}fChéQig% gver[yétaﬁ/ oods, fibergland Lasfg% atr:tiafzjl_es 5
m%u?agiuredgbf fotational molding: §§4|: e e?ﬁrjr}feene p(%?yme'rqseo R
. _dnvention, and the. thermoplastic resin campositions containing the
nigHEPUQN. .
T Rl mereinay be PrBNCea Rt At tF e dre Sh74ly TRBAS ©f

mecAgaleLconten! Raskaging hags, Iguidsouppackages, Idid packading,

per containers, lamina brics, spema-%hape quﬁ pa?: ag

obc PRIREYRN 33 danding aquengs), standadized hage. BE3VEAUY AAdPy
wrapping films, ﬁjgar bags,

In the case of cocordination polymerization, the number of methyl
branches and ethyl branches in the ethylene copolymers is
greatly dependent on the composition ratios among propylene,
1—bﬁteneandethylene(propflene/ethylene,1—butene/ethylene)
in the polymerization 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
l1-butene/ethylene ratio,
[6331]

(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:

{0332]

00010 xMw* Sy 4.30x10™ M - (Bg-1)

[0333]

preferably satisfy Equation (Eg-2) below:



oil content packaging bags, various packaging films such as 167 food
packaging films, protective films, infusion solution bags and agricultural
materials. The films may be laminated with bases such as nylon films,
polyester films or polyolefin films fggyse 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. Properties
[033\2[(?re measured in these examples by 10 the methods as described in the
escription of the ethylene polymers (i) to (iv): (1) Synthesis of bridged
metallocene 03(;4mpounds of Formulg, [1] and.olefin polymerization

DA SRl ) e e

(3-ethylcyclopentadienyl)zirconium dichloride (Al)] (Step 1) synthesis of
(033 oro(cyclopentadienyl)dimethylsilane THE in a volume of 100 ml was
added to 14.3 g (110 mmol) 20 of dimethylsilyl dichloride, and the mixture

" mor ewO%%g%g%géggSgaéé '{ngé%i%oﬁt&p qﬁgﬁqmﬁgglgggntadiene ina

5
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volume o ml (77.4 was added thereto dropwise over a period
[0330é‘ 0 minutes, and the temperature was gradually increased. The mixture
was stirred at room temperature for 24 hours, and 168

0.10x10 s Mw** <, €3.50x10°XMw™* -~ B3

[0337]
and particularly preferably satisfy Equatioﬁ (Eg~4) below:

[0338]

015107 M Sny 18I0 ™ - Bt

[c339]

According to literature (C. Gabriel, H. Munstedt, J.
ﬁheol., 47(3), 619 (2003)), when the zero-shear viscosity [N
(P)] is doublenlogarithmically 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 copolymers in which elongation
viséosity does not show strain hardening characteristics, but
the zero-shear viscosity [Me (P}] is lower than the power law
for resins such as high-pressure low-density polyethylenes in

which elongation viscosity shows strain rate hardening
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- was concentrated under reduced pressure. 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
5 chloro(cyclopentadienyl)dimethylsijgane. The compound was used in the
next step. [0386] (Step 2) synthesis of (3-ethylcyclopentadienyl)
(cyclopentadienyl)dimethylsilane 10 Ethylcyclopentadiene in an amount of

cha;sz% 80 mmol) was,_dissolved in 100 ml of THF, and the solution was
C651EG T 585 A 115850 HexEnd SHRIGBRDRA-BltFRGHRI ¥h AMoldmblofat

26 ml (92 mmol) was added thereto dropwise. The mixture was stirred at
20 Oro%orﬁ' f‘erﬁﬁgrarﬂfr)léeforgg%%u?s“ Atd as hddet diSpwise B0 SEPREBEFAR

: taining 110 mmol of the chloro(cyclopentadienyl)dimethylsilane at
Vlsg%égkﬁﬁ% %er%p{)%ra &?éyvt\’ﬂ/aetél gra ﬁ{ﬂﬂ%‘ga%e %ﬁﬂé t ritxttire as
har%‘é{‘% at room tengpéeratt‘ge for 24 hours and was concentrated under

FesdRs lesWERG MR R By AratorE B9 AidHihans

uceg pressure. SO
washed with hexane and was distilled under reduced pressure. The
COngﬁwgt%%véos%?gct%a% %H%%%T%%kﬁﬁﬁ €firomatography, and 0.86 g
[03 % 3-ethylcyclopentadienyl)(cyclopentadienyl)dimethylsilane was
obfained. The compound was identified by GC-MS. GC-MS: 169 216

(MS{Sien Bouutess of dmethjsiyiene(oyclopeptadieny) .
above is synonymous with that log(ng) and log(Mw) that are
obtained by double-logarithmically plotting MNe and Mw of the
ethylene copolymers meet Egquation (Eg-1') described below:
[0341]

3.4log(Mw) - 15.0000 £ log(mo) < 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*% £0 1.0 x 10*%°, preferably
1.0 x 10*% to 1.0 x 10°*°, and more preferabiy 1.0 x 10%3% to
1.0 x 10%4°, |
[0342]

Themechanicalstrengthofethylenecopolymersisgreatly
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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(3-ethylcyclopentadienyl) zirconium dichloride (Al) The
dimethylsilyl(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 -78C. A 1.57 M hexggg 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

( Polr}%) %E?féq% a‘i*‘é%ﬁ%%&%“ 'i@eailge\gfﬁls 90%‘@1{1&@6‘3% r@gﬁﬁ%d lMQEIsuura

pressure. The concentraté‘was washed with 13 ml of hexane three times.

and EQ%{%%W‘{M}HES?{ WasEHsRgRded JnRYmkahnexane. To Wigg , o,

suspension, 820 mg (3.5 mmol) of zirconium tetrachldride was added at

45) .'7%%‘%@‘8853&%{?1%@%%%@L@Hyéﬂ%r%@&ﬁﬁimﬁﬂ%@%@%“%%on

stirred at room temperature for 24 hours. The mixture was then filtered

{pe a@p% O\%aﬁf)]egiyv ghrrﬂ?f@vgﬁ 19 f%@@ﬂgsﬁwgl_efigﬁ% {'E@t&i’ié%% obtained

concentrated under reduced pressure and was washed with pentane. The

by dsguliantzolidyasdied yndegreducgd presgure tgt%g%lg@ezjc%glgl%ers

dimethylsilylene(cyclopentadienyl) (3-ethyl’cyclopenta nyl) zirconium

contdGHORdE(A) (YieldoJ420), § h?&?“&%@@d&%%@ﬁ%@&%&ﬂfg@ﬁ%ﬁeg
FD-MS. [0387] 'H-NMR (CDC13, based on TMS): 7.1-6.9 (m, 2H), 6.6 (s,

adveldPs 1) %0238 {M, S cradS ). 26 R o). dnd (e BHY 980dve
ppm (d, 6H); FD-MS: 376 (MS) [Synthetic Example 2] [Synthesis of

excAMNeyisiylenet3-paAropyicycigpentadienyl)

[0343]

The molecular weight at the maximum weight fraction {(peak

top M) in a molecular weight distribution curve obtained by

@PC 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 Kazuo Soga, et al., KODANSHA
SCIENTIFIC, 1990, p. 376). Themolecular weight at the maximum
weight fraction (peak top M) in a melecular weight distribution
curve may be contreolled 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 copoclymers of

ethylene and C3-10 a-olefins, preferably copolymers of
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5 (cyclopentadienyl)zirconium dichloride (A2)] (Step 1) synthesis of
chloro(cyclopentadienyl)dimethylsilane THE in a volume of 100 ml was
added to 14.3 g (110 mmol) of dimethylsilyl dichloride, and the mixture
was cooled to-78C. A2 M THE sol%ié)n of sodium cyclopentadiene in a
volume of 10 38.7 ml (77.4 mmol) was added thereto dropwise over a
period of 30 minutes, and the temperature was gradually increased. The
mixture was stirred at room temperature for 24 hours, and was

cthpoiReArakd dide? redudettpressure Sodiure Chipede ¥as) yerBeyed Piher s
filtration. The filtrate was washed with hexane, 15 and the hexane was
of gsthetenpaPrémhe filttate Lmblen seduThe: prEssue, ¢ghereby phtaining
chloro(cyclopentadienyl)dimethylsilane. The compound was used in the
COPRINRRI 365891150 (Slehvdesymttasislobdimethytsilybne, 1-butene .
(3-n-propylcyclopentadienyl)(cyclopentadienyl) THE in a volume of 100 ml
1-hfrenaded 160 2evd (20 BRASIETSE n-propylcediepentddiende ane the
mixture was cooled to -78C. A 1.57 M hexane solution of n-butyllithium in
[0343blume 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

COO%@EW@)@?QCEW@Q¥ ¢ {2bmnmiaglyefthéon have the following
chloro(cyclopentadienyl)dimethylsilane dissolved in 20 ml of 5 THE was

PLOoRgisd Broptvide fPthéreactor. The mixture was stirred at room

temperature for 18 hours, and the completion of the
[0346] :

(I) The ratio [Mue.ze/Maiz] is in the range of 0.30 to 1.00,
preferably 0.50 to 1.00, and mo.re preferably 0.70 te 1.00
wherein Mye.r: 18 the content (mol%) of methyl branches and ethyl
branches according to '*C-NMR and Ma; is the content (mol%) of
all the branches according to *C-NMR. With Muesrc/Mar: beirng
0.30 or above, the ethylene polymers have an appropriately weak |
heat seal strength and thus have casy-opening properties.
[0347]

Branch structures in the ethylene polymers are mostly
formed by the copolymerization of ethylené with oﬁwo}.efins..
Methyl branches result from copolymerization with propylene
as”an G-olefin, ethyl branches from copolymerization with
1-butene, butyl branches from copolymerization with l-hexene,
isobutyl branches from copolymerization with
4-methyl-l-pentene, hexyl branches from copolymerization with

l-octene, and octyl branches from copolymerization with
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reaction was confirmed by TLC. Water was added at OC to terminate the
reaction. The reaction liquid was extracted with hexane. The organic layer
was washed with a saturated saline 10 solution, was dried over
magnesium sulfate, and was filtereqsﬁThe filtrate was concentrated under
reduced pressure. The concentrate was purified by silica gel column
chromatography (solvent: hexane/triethylamine = 98/2 (v/v)) and
-4 disétirlzlgtion under reduced pressure to give 1.73 g of dimethylsilyl 15
e(g'-n-pr‘opylcyclopentadienyl)(cyclopentadienyl) (yield: 38%). The
[03 cggnpound was identified by 1H-NMR and GC-MS. [03893 . 1H-NMR
4( C13, based on TMS): 7.0-6.0 (br, 7H), 3.0 (s, 1H), 2.9 (s, 1H), 2.3 (m,
2H),.1.6 (m, 2H) 0.9 (t, 3H), 0.1 20 (t, 3H), - pm (s, 3H); GC-MS: 230
R et (R SRR SR i e
-n-propylcyclapentadienyl)(cyclape! ien I}{zir ium, dichlotide, (A2
qua’%%(%tr:ne‘%ﬁa il%/lle(= -%356}%%3% c;%’opé%nta |er?y‘T') Jlgg%fgé)%%ﬁf:al |eenc%/ ‘-ﬁ% er-
an amaunt of 0.9 3.9.mmal) was _dissolved in 40.ml of diethyl ether
o e B R LR T e St cnes

llithium_in a vqQlume.of 5.09 ml(8.0.mmol). was added therete .
e B B GraMR,

b was s&irred at roomfem eratgli_? for 24 hoijr%and was concentrated
rancqa STr cttéres [a)9] .ﬁllf 211 e}%é’ Yanches ?hrf
under reduced pressure*The concentrate was washed with I3 ml of

quanm:e{( g0¢ %bz*réa f)F &% él' rhrgirz?g Hlt%rg vgh IEeo%%{lf W Ssl{lsﬁ*? ngggg branch

canngégg

structures. The Mwe.pt/Ma11 18 substahtially determined by the
composition ratio of C3-4 d-olefins and C3-10 o-olefins
(C3-4/C3-10) present in the polymerization system. Accordingly,
the ethylene polymers having Mye.sc/Ma11 in the above range may
be obtained by increasing or decreasing the Ci4/Cii¢ ratio,
[0345]

(II) The melt flow rate (MFR) is in the range of 0.1 to
100 .g/lo 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 polymers show a shear viscosity which
is not excessively high and permits excellent processability.
With the melt flow 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) is heavily dependent on the
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in 50 ml of hexane. To the suspension, 820 mg (3.5 mmol) of 10 zirconium
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 ygshed with hexane to remove salts.
The filtrate was concentrated under reduced pressure and was washed
with pentane. 15 The resultant solid was dried under reduced pressure to
ive_210 mq of dimethylsilylene(3-n-propylcyclopentadienyl)
mﬂ%cix%&n%%nﬁt’f&i@m)zirc%uﬁﬁ ridd @A BNiiblee 1495 Tied tompoundate
( Wfs identified by 1H-NMR and FD-MS. [0390] 20 'H-NMR (CDC13, based
MEEA TNIRS: BLEBY(hDSHICE B 3N, w0 Bhe (ma Rt Bes 1o rbiey ZBénmelt
£1 2H§/), 1.5 g"ngZH), 0.9 g 3H), 0.8-0.7 ppm (d, 6H); FD-MS: 388 (MS)
OIEYAthtd ERAMid S L RYRthESe rdirethasipedsleyclopBheadiehglular
, 173 (3-n-butylcyclopentadienyl)zirconium dichloride (A3)] (Step 1)
Welgéﬁh SisSSBIRBGy RS EIEPR B diEn iR ShTbrbginkethiieiana TSNty the
volume, of 50 ml was added to 30.1 g (61.5 mmol) 5 of a 25 wt% THE
COMBBITitibn TP FRYIEGRpSMAERFRE ARAUISE TiikeRe WhY Suciaend eChylene)
1.52 M hexane solution of n-butyllithium in a volume of 38.4 ml (58.4 mol)

PTeg At d8ed RS EHYHRBHHARE TAB MKEHeWAS atiredanpdem “CATALYTIC
OLE%%ﬁperature for 2 hours and was added dropwise to 50 ml of THE

tAiInmG To 1 #5870 nfAidiS 8AdR¥cKRAIY| SRdories @l 78K PBNSHA

SCIENTIFIC, 1990, p. 376). The melt flow rate (MFR) of the
ethylene polymers may be controlled by increasing or dec.reasing
the hydrogen/ethylene ratio.

[0351]

(III) The density (d) of the‘ethylene héﬁopolymers or
copolymers of the invention ig in the range of 875 to 970 kg/m?,
preferably 885 to 945 kg/m?, andmorepreferablysootx:936kg/m3
When the density (d) i5875kg/m3orabove,theethylenepolyﬁers
can give films ha#ing low surface tackiness. When the density
{d} is not more than 970 kg/m®, the ethylene polymers ShOW’gOOd.
low-temperature sealing properties.

[0352]

The density is dependent on the o-olefin content in the
éthylene<polymers. The lower the a-olefin content, the higher
the density, and the higher the ¢-olefin content, the lower
the density. The o-olefin content in ethylene polymers is

known to be determined by the compogition ratio of c-olefins
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temperature 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
hexane and was distilled under 15 jgguced pressure, thereby obtaining
8.09 g of (3-n-butylcyclopentadienyl)chlorodimethylsilane (yield: 64%) .
The compound was identified by GC-MS. GC-MS: 214 (MS) (Step 2)

synthesis of dimethylsilyl (3-n-putylcyclopentadienyl)(cycle entadienyl) 20
and BERYIEAZ) r%éooyr%%léﬁg%gﬁggéy o5 8%%?&%%6 #nrgln%l 8 a2 MTHE
solution of.sodi 0 ieni n ' 0
Po L e ey el nmoma

Chemqf &??,gég(%’ggva#g qirc’sohlggci@@:gr@h?;,ﬂéﬁe aé%?égé p':@ilﬂﬂﬂgrs

was add Ise to the reactor. The miixture was stirred at room

thatt%Qr%r%[uégxtgri?ﬁ. 0 @?Q 220G far2 hatrss The sompletion obibay e

S
reaction was confirmed by TLC, and water was added at Og to terminate

by pelEadion, 10¢ easlon e o ue gXieled Wil fieyane. T he erganic
_ ayér was washed with™ a saturated saline solution, was‘dried over
[035@?gnesium sulfate, and was filtered. The filtrate was concentrated under

reduced pressure. The concentrate was distilled under reduced pressure

to giyg, 1. of dimethylsily] 10

(3-%- %)tyl‘%:ﬁgo%aé%f‘a%iiﬁj;(xﬂyclé ér%t%%ﬂ?een% (lyuse|é?156%. r'I@hnege of 1.50
x 10°0RROYNd Was identified by H-NME andgGeM3-40881% .00 x 1074, ana

more preferably 2.60 x 10™* to 5.00 x 107, wherein [MT (g)] is
the melt tension and [n* (Poise)] is the shear viscosity at
200°C and an angular velocity of 1.0 rad/sec. With MT/m* being
not less than 1.50 x 107%, the ethylene pblymers have aceceptable
neck-in. With MT/n* being not more than 9.00 x 107%, the
ethyvlene polymers show good extendability.

(V) The zero-shear viscosity at 200°C [1ne (P)] and the
weight average molecular weight (Mw) measured by |
GPC-viscometry (GPC-VISCO) satisfy Equation (Eg-1) below:

[0354]

001x10™ 0w <0, S450:10 ™ - (B

[0355]
preferably satisfy EBquation (Eg-2) below:

[0356]



'H-NMR (CDC13, based on TMS): 7.0-6.0 (br, 7H), 3.2 (d, 1H), 2.9 (d,
1H), 2.3 (t, 2H), 1.4 (m, 4H), 0.9 (t, 3H), 0.1 15 (t, 3H), -0.2 ppm (s, 3H);
GC-MS: 244 (MS) (Step 3) synthesis of dimethylsilylene(cyclopentadienyl)
(3-n-butylcyclopentadienyl) zirconiupggichloride (A3) The
dimethylsilyl(3-n-butylcyclopentadienyl) (cyclopentadienyl) in an amount of
0.58 g (2.38 mmol) was 20 dissolved in 30 ml of diethyl ether, and the
solution was cooled to -78C. A 1.57 M n-BuLi solution in a volume of 3.16

Gﬂ&lasm@m e1® dropyvise. Th temperature was
aII {) rﬁ tu S stirred temperature for

24 hours and was concentrated under reduced 175 sure. The
103590 entrate was washed with 6 ml of hexane three trmes The resultant
\THite solid was suspended in 60 ml of hexane. To the suspension, 500
(2.15 mmoal) of zirconium tetrachloride was added at -78C. The

‘“Or%n%?&%?fém FEatfANy Feradstenarndaeiteikowas stired at

[03539(%11 temperature for 24 hours. The mixture was then filtered and
hed with hexane to remove salts. The filtrate was concentrated under

reduced pressure to give 510 mg of a crude purified product. The crude

B W&gted L180 ethérgand pe an and the solid
O lﬂm:d V\f@&% %m sure te--g(?ﬂ mg of
5 d|methylsrIylene(cyclopentad|enyI) (3-n-butylcycl dlenyl) zirconium

{OBgé Iorrde (A3) (yleld 20%). The compound was identified by 'H-NMR and

and particularly preferably satisfy Equation (Eg-4) below:

[0360]

015410 My <0, 18010 0™ - g4

10 [0361)
According to literature (C. Gabriel, H. Munstedt, J.
Rheol., 47(3), 619 (2003)), when the zero-shear viscosity [n,
P)1 is double-logarithmically plotted against the weight
average molecular weight (Mw), the zero-ghear 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 1ow"density'polyethylenes in

20 which elongation viscosity shows strain rate hardening

characteristics. When the zero-shear viscosity [N, (P)] at
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15 [0392] 'H-NMR (CDC13, based on TMS): 6.9 (d, 2H), 6.6 (s, 1H), 5.9
(t, 3H), 5.5 (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 Example 4] 20 [Synthesis of

dimethylsilylene(cyclopentadienyl) {gsn-octylcyclopentadienyl)zirconium
dichloride (A4)] (Step 1) synthesis of n-octylcyclopentadienide THE in a
volume of 100 ml was added to 50 ml (100 mmol) of a 2 M THE solution

200 <A Spdium,eyglapentadignide, ndsthe 476 rmigiyre was 6@oled aof8G. oh

THE solution of 19.3 g (100 mmol) of 1-bromooctane was added thereto

viscBeRWiSe Fuiher A 8n £l 80 Mal-0fsl Sqdimethyl-2-imidazalidinoneswas g

added dropwise. The mixture was stirred at -78C. The mixture was further

charxsiiead: akroes fempesivr s PdiRpursand was erelebio Mer dhes not

reaction was terminated by adding 1 N hydrochloric acid, and hexane

caud¥as-added,;io thgrgaction liquid. The organic layer was washed with a
saturated aqueous sodium hydrogen carbonate solution and then with a

[ 03 ¢gfurated aqueous sodium chloride 10 solution. The organic layer was
dried over magnesium sulfate, was filtered, and was concentrated under

reduged IRESHEMTTen EQRsEYHatesvas DLfioddy distiltationzyndsr above

reduced pressure to give 6.7 g (37.5 mmol) of target

is sg-ﬂeﬁafg%@mﬁqieeaam5@@39%@@@&%3%?%%@%&@pgéained
C-MS: 178 (MS). (Step 2) synthesis of dimethylsilyl(cyclopentadienyl)
by double-logarithmically plotting Ne and Mw of the ethylene
polymers meet Equation (Eg-1’) described below:
[0363]
3.41log(Mw) - 15.0000 € log(me) S 3.4log(Mw) - 12.3468

{(Bg-1")

In a preferred embodiment, the ethylene polymers of the

invention further have the following property (VI).

[0364]

(VI) The molecular weight at the maximum weight fraction
(peak top M) in a melecular weight distribution curve obtained
by GPC is in the range of 1.0 x 10*2%% to 1.0 x 10*°°.
[0365]

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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(3-n octylcyclopentadienyl) THE in a volume of 100 ml was added to 5.34
g (30 mmol) of the n-octylcyclopentadiene, and the mixture was cooled to
20 -78C. A 1.58 M hexane solution of n-butyllithium in a volume of 18.9 m|
(30 mmol) was added thereto dropwsse. The mixture was stirred at room
temperature for 2 hours and was added dropwise to 50 ml of THE
containing 14.3 g (110 mmol) of dimethylsilyl dichloride at -78C. The

- (polYfBRSIPIUR VAR Eh SHBAVANDGRPR], AL NG MR WS SIS B o

room temperature for 24 hours. The mixtlre was conc

ana/fddEdgeeULe, ANdSOLIeS Wele femoyed by fiuatio, The fjgle

was washed with hexane; exane'was away from

45) fi|tr%ﬁé&9q§{é%&§§%@1ﬂ%§3%§ié%%rea@/ gatgir&jggﬁmum weight fraction

chlorodimethyl(3-n-octylcyclopentadienyl)silane. The "compo was

el S erealn 00D o U e o e e

and the temperature was ution o

by cBMiLm cyclopentadienide jn,a, yalume of 15 my| iigeﬁ%nﬁoé)ﬁ%%%%%dggntain

dropwise. The temperature was gradually incre ure was

o R oty WA i oo S o Rl S haLY

to have proceeded sufficiently, water was a e

a £ ££225H08. %@eﬁmpgﬂiqy{dfwag@ﬁtrggtgdtvy{wsh%xak%évzhe Qroanic layer

‘was washed with a saturated aqueous sodium "hydrogen carbonate

mec$2l4108 Angithen with a saturated saline solution, was dried over
magnesium sulfate, and was filtered.

[0366]

| The molecular weight at the maximum weight fraction in
a molecular weight distribution curve ob.tainéd by GPC is known
to be determined by the composition ratio of hydrogen and
ethylene (hydrogen/ethylene) presgent 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 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.
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The filtrate was concentrated under reduced pressure. 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-nyggtylcyclopentadienyl) (yield: 39%).
The compound was identified by GC-MS. GC-MS: 300 (MS). 178 (Step
3) synthesis of dimethylsilylene(cyclopentadienyl)
(036 -n-octylcyclopentadienyl) zirconium dichloride (A4) The
imethylsilyl(cyclopentadienyl) (3-n-octylcyclopentadienyl) in an amount
of 3,1.9.10 mmol) 5 was dissalyedin 80.ml of disthyLether, A theq vvs ¢
soi% |8ne$/c\1/§ rﬂcgg’leg fo %i%ég .SSA%1¥;€“M Eexane solution,%tof n-butyllithiur‘nvr *
othell 3YUme “falée]ig"%%?n@”@ ‘%%Fv%d %Qe%é??adéﬁe‘é!'?@es'rﬂ?
temperature was gradually increased, and the mixture was stirred at room
temperagire for 24 hours apd was concenyrated. La.yndar teduged .oy,
COMpr?rseé)scl}roel}?hé c%zﬁcentrate Wa%& Washedeé}lgtrh %exane. Theggolid qbtani'r?ed
mech"é’@% égipes%gaaﬁ.m' ?ﬂQ%%%ZHPn@%%‘@PS“85?”1;91@6&{1%'&!&’@0')
of zirconium tetrachloride was added at™78C. The temperature Wwas
ladually inggased.and, Ihs muyee was sfided.af rgam ferpperatue for o ¢
p-Olygﬂfﬁours. %e %éfer%xture v?z);lsgt%)gn cf%tered and.wéaass;hed with hexaneEti-j(%}f °
59. 1POVES It&.' ]:I_'}1§:9fi_lt§ate was concentrat_ed_ under _reduced pressure and
was ‘washed With a solvent mixture consisting of diethyl ether and
[03Sgﬁntane. The resultant solid was dried under reduced pressure to give
0 mg of dimethylsilylene(cyclopentadienyl) 20

(3'E593(}%§3éc§0%9f“%(yﬁ@¥) EE@%B@I‘Q%Q@%@@JHS5®11C lude
crystalline thermoplastic resins such as polyolefins,

polyamides, polyesters and polyacetals; and amorphous

thermoplastic resins such as polystyrenes,

~acrylonitrile/butadiene/styrene (ABS) copolymers,

polycarbonatés, polyphenylene oxides and polyacrylates.
Polyvinyl chloride may also be preferably used.
10370]

The polyolefing include ethylene polymers, propylene
polymers, butene polymers, 4-methyl-l-pentene polymers;
3-n@thy1—1—butenepolymersandhexenepolymers. Inparticular,
ethylene polymers, propylene polymers and 4-methyl-1-pentene
polymers are preferred. The ethylene polymers herein may be
the ethylene polymers according to the invention or may be
conventional ethylene polymers or ethylene/polar

group-containing vinyl copolymers, and preferably
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The compound was identified by 'H-NMR and FD-MS. [0393] 1H-NMR
(CDC13, based on TMS): 7.0 (s, 1H), 6.9 (s, 1H), 6.5 (s, 1H), 5.9-5.8 (m,
3H), 5.5 (s, 1H), 2.7 (m, 2H), 1.5 179 (m, 2H), 1.2 (m, 10H), 0.8 (t, 3H),
0.7 ppm (m, 6H); FD-MS: 458 (M 6[\;Synthetic Example 5] [Synthesis of
dimethylsilylene 5 [3-(4,4,4-trifluorobutyl)cyclopentadienyl]
_ (cyclopentadienyl)zirconium dichloride (A5)] (Step 1) synthesis of [3- (4 4
4-trifluorobutyl) ] (cyclopentadienyl)chlorodimethylsilane THE in a volume
CONPLREE Mt IaLAdHELReL BYHE™S Fitnol) 10 of
4.4 ,4-trifluorobutyl)cyclopentadiene, and the mixture was cooled to 0C. A
[037%5h 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
tempRFatBR 6 2455UTs HRE Wi atBeBdrdsviBe 18 el THIEh as
containing 0.29 g (2.3 mmol) 15 of dimethylsilyl dichloride at -78C. The
POlYSHPELEHR WES SRRFRAI A& cabed vaThtie SRR e s e krdeEataném
temperature for 24 hours to give a transparent solution. The solution was
POLY¥BREMRRE] LRUEPIHNRLE PResRFe YARP HRbRBIETRersFemoved by

-filtration. The filtrate was washed 20 with hexane, and the hexane was

- POl YRR @ BWRY FRorA e filrate under reduced pressure. Dimethylsilyl

dichloride was removed by distillation under reduced pressure.
I03q’*?ﬂereadter, 100 ml of

The polyamides include aliphatic polyamides such as
Nylon-6, Nylon-66, Nylon-io, Nylon-12 and Nylon-46, and
aromatic polyamides‘produced.frontaromatic dicarboxylic acids
and aliphatic diamines.

[0373]

The polyacétals include polyformaldehyde
(polyoxymethylene), polyacetaldehyde, polypropicnaldehyde
and polybutylaldehyde. Of these, polyformaldehyde is
particularly preferred.

[0374]

Thepoiystyrenesinciudestyrene%mmwpolymersandbinary
copolymers of styrene with acrylonitrile, methyl methacrylate
or O-methylstyrene.

[0375]

The ABS copolymers preferably contain 20 £o 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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THE was added, and the mixture was cooled to -78C. A 2 M THE solution
of sodium cyclopentadiene in a volume of 4.7 ml (9.4 180 mmol) was
gradually added dropwise. The mixture was stirred at room temperature
for 24 hours, and water was addedT%g,’OC to terminate the reaction. The
organic layer was extracted with hexane, was dried over magnesium
sulfate, and was filtered. 5 The filtrate was concentrated under reduced
ressurf. Thetcon entraiée wgggurig d bgggica gel-column

e ST ogur%%hf’ Sovant %exang}trle Hﬁamln'e =98/2 (viv)) to give 1.5 g

E037o [3-(4,4,4-trifluorobutyl)] (cyclopentadienyl)chlorodimethylsilane. The

colmpound was 10 identified by GC-MS. GC-MS: 298 (MS). (Step 2)

[ dimethylsilyl [3-(4,4.4-rifl butyl I ienyl
SR AR RATABNE R, ARRIOHAS (K PR o G F i r et
, A5 I tadi hlorodimethylsi N t.0f 0.69 g (2,
b R URAONEA N30 T eyl B S QB A P

o o ooliﬁ t%{7 rCé}@ LéZnM ggxane gxollgtigngf n-butyllithium in a volume of
2Py f‘( Mol was B3 Hereto drrlopwise. The temperature was
2,2 -géi‘%jﬁg'%f”&reﬁéedha%d e 2Q mpgure ¥¥1a§psé'£r€9ca&d{%%r{‘ temperature
for ours. The® mixture was concentrated under reduced pressure, and
ultant' w was suspéndedt in'60 ml of hiexane:

suspension 410 mg (1.8 mmol) of zirconium tetrachloride was
are preferred.

 po g concentiate s washed w6 1ol PeYaRe Uyeg JBIes, 10 ropan

[0377]

Preferred examples of the polyphenylene oxides include
poly(2,6-dimethyl-1,4-phenylene oxide) .

[0378]

Preferred examples of the polyacrylates inclgde
polymethyl methacrylate and polybutyl acrylate.
[G379]

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 pelymers may contain additives in addition
to the above thermoplastic resins while still achieving the
objects of the invention. Exemplary additives are weathering

stabilizers, heat stabilizers, antistatic agents, anti-slip
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181 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 with hexane to remove insolubles. The filtrate
was concentrated under reduced 5 Pﬁrgssure to give 30 mg of
dimethylsilylene [3-(4,4,4-trifluorobutyl)cyclopentadienyl]
(cyclopentadienyl)zirconium dichloride (AS). The compound was
identified by 1H-NMR and FD-MS. [0394] 10 'H-NMR (CDC13, based on
AgePND): 3L PERCHINZ. 8RR C2H) 2 Bil-E YagdHY ade@d Bpphubyfdnt s,
. FD-MS: 458 (MS) [Synthetic Example 6] [Synthesis of dimethylsilylene
PLOMBEE§I- 2 AySFrimBikG S elopaataztimys 15Kdyiopentadienyl) zcon iy i ng
dichloride (A6)] (Step 1) synthesis of
ageniHity| IS HAfeRiey copchtadiena bR 8 reactop269axddant s .
polyphosphoric acid was added. At 40C, 50.7 g of sec-butyl methacrylate
(03824 added dropwise with stirring. The mixture was stirred for 1 hour. The
temperature 20 was increased to 80C, and the mixture was stirred at the
tempBfatGie ot 21finbe 3¢ Wasereatte i coviad ithe, reactiorHiguid
was slowly rendered alkaline by addition of an aqueous sodium hydroxide
therpRRdR SFHie remR R | §OIRAS. tkanstetonitriaare drtkdiethyy bthes.

The organic layer was 182 dried over sodium sulfate, was concentrated
POlymEE S dRa¥ede Processed with good processability into

articlés 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 molding processes, injection
molding processes or extrusion processes. The film-forming
pProcesses include extrusion lamination, T-die extrusion and
blown-film extrusion (air cooling, water cooling, multistage
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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pressure, and was purified by distillation under reduced pressure. To 6.8
g of 2,3,5-trimethylcyclopent-2-enone thus obtained, 75 ml of diethyl ether
was added, followed by cooling 5 to -78C. A 0.84 M THE solution of
n-butylmagnesium chloride in a volyme of 72 ml was added thereto
dropwise over a period of 25 minutes. The temperature was gradually
increased to room temperature, and the mixture was stirred for 24 hours.

.. Thereafter, a satur, ammonia chloride tlon was 10

fll“}fd&&ﬁg drS ﬁs%gat?fggs'?he m§:<ture Was%stlrre offl% minu esexérl{ %u:n,

20% a%u,eous sulfuric acid sol&;ltlon was ad added. T e or } ayer was

Y 1 Bl RAEA VAR HRSRT Tther Was WaShed With 3 saturate b -=89es

odium hydro en carbonate solutlo as_conc ntrat nde
or dry Léea&l oo o e S EC A careey alsﬁrl%‘fo?iu% ying
reduce ressure and. silica e column omatogra splvent:
b SR TS B S SO PARa b e Be R oMY cording
was identified by GC:MS. GC-MS: 164 S 2
to y%Yﬁeas 8%?@(?5@/?1 ,2 trlmePn %/c%pentg%j?én;%) %}%% bses ox

cyQIo entadien %chlorodl |Ia e%THE ina volume f 10% mg St to
ext alﬂ%%a LB 0 é eggmmcr)nﬁ o? i fg 4- fime%ﬁﬁcyclopentag\’éen
the mixture was coagled to OC. A 1.57 M hexane solution of 183
W%hngmpn XV6lime of 8.6 ml (13.5 mmol) was added thereto
[038§§pwise. The mixture was stirred at room temperature for 2 hours. At
C, 50 ml of THE containing 2.0 g (15.5 mmol)

fllnhw

The ethylene polymers of the invention, and the
thermoplastic resin compositions containing the ethylene
polymers may be shaped into articles such.as films, sheets,
blow-molded infusion bags, blow-molded bottles, gasoline tanks,
extruded tubes or pipes, tear caps, injection molded articles
including everyday goods, fibers, and large articles
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
as water content packaging bags, liquid soup packages,
liguid-packaging paper containers, laminate raw fabrics,
gpecial-shaped J_iquid package bags (such as standing pouches},
stanc_iardized bags, heavymduty bags, wrapping £ilms, sugar bags,

oil content packaging bags, various packaging films such as



of dimethylsilyl dichloride was added dropwise. The 5 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 cpncentrate was filtered to remove
insolubles. The filtrate was washed with hexane, and the hexane was 10
distilled away from the filtrate under reduced pressure. Dimethylsilyl
dichloride was removed by distillation under reduced pressure.
Foofhppcdtg In flsisTHE WAS atdet Sadte, miMueivassobledion bags
-78C. A 2 M THE solution of sodium cyclopentadienide in a volume of 4.7
andpey AGHhblNtds Brdermiz 15 adddedbpiise e ixtlenias stdeshs th
at room temperature for 24 hours, and water was added at OC to
basgfnfigte fe HEASFoR IS orguriy Byee wasidximctedowitlybaxdhia; \#as ms
washed with a saturated aqueous sodium chloride solution, was dried
foryysemagnasidmidames ahdilwes filtered. The filtrate 20 was
concentrated under reduced pressure. The concentrate was purified by
5 [038fida gel column chromatography (solvent: hexane/triethylamine = 98/2
(v/v)) to give 4.6 g (16.1 mmol) of
[Expgug Fg‘/ﬁg,4,5-trimethylcyclopentadienyl) |
(cyclopentadienyl)chlorodimethylsilane. The compound was 184 identified
by GESVRT B¥SNS: B rISEp ) dyathdsisafidiméthisikienai 1
(3-butyl-2,4,5-trimethylcyclopentadienyl) (cyclopentadienyl)zirconium
herginhititey sas serh©B-BegTR ks imsihyleyclbpantatienybhe scope of

the invention. Properties were measured in these examples by
10 the methods as described in the description of thé ethylene
polymers (i) to (iv).

(1) Synthesis of bridged metallocene compounds of Formula [1],

and olefin polymerization processes uging olefin

polymerization catalysts (a)

15 [Synthetic Example 1]
[Synthesis of dimethylsilylene (cyclopentadienyl)
(3-ethyleyclopentadienyl) zirconium dichloride (A1)}

(Step 1) synthesis of chloro (cyclopentadienyl)dimethylsilane

THF in a volume of 100 ml was added to 14.3 g {110 mmol)
20 ofdimethylsilyldichloride,andthemixturewascooledto—78°C.
A 2 M THF solution of sodium cyclopentadiene in a volume of
38.7 ml (77.4 mmol) was added théreto dropwise over a period

of 30 minutes, and thé temperature was gradually increased.

The mixture was stirred at room temperature for 24 hours, and



19

15

20

(cyclopentadienyl)chlorodimethylsilane in an amount of 0.53 g (1.9 mmol)
was dissolved in 50 ml of diethyl ether, and the solution was cooled to
-78C. A 1.57 M hexane solution of n-butyllithium in a volume of 0.76 ml
(1.7 mmol) was added 10 thereto digpwise. 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 6 ml of hexa(_Pe three times, The re ultani id. was
was s%%%&%a‘é'&% mt'of Fexane: 1o t?fepsuspensmn 4%8 mg &gj( ifeite

mmo
of zé{ %nlugw Eetrachlorlde W,?ﬁ ad e at Z8C The ter’r}Pe atur%l\év
ua

remov ne,

intreasad *&Ad the Mixture Was Stirted af room emperature or
hours. The mlxture WaSI n filtered an d washed w, h exane to
and rélﬁlqovliél SEETRE e re5| vt\]}a?'s 5{ ssé”lvgd N dleth te?‘eth%etr }r;:cﬁ p(eentgﬁg e
was, added thereto Zl_f]%wnh stlrrlr}g to cause gradual precipitation. The
preC|pﬁJate a8 Washe ejﬂ}'pentane Tand the solid was dried by
ohl C():ongentr tion unde redu j %resg to. |ve 30 mg,C of
iitt ﬁK/F y% uﬁl Y g rlmeﬁ‘rvy cycC opentadlenﬁ)
usec{cy&clo eantadlen )Z\I_:{conlum dichloride (A6). The compound 185 was
mlerﬁme By TH-NMRnd FD-MS. [0395] 'H-NMR (CDC13, based on
(03 S):6.9 (s, 2H), 5.6 (s, 2H), 5.6 (2H), 2.4-2.2 (m, 2H), 2.0-1.8 (m, 9H),
B_L -1.2 (m, 4H), 50.9-0.7 (m, 9H); FD-MS: 444 (MS) [Synthetic Example

reduy

compound was

el Syesin SLdbysIene@nueycopentadens)

(cyclopentadienyl)dimethylsilane

Ethylcyclopentadiene in.an.amounf.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 THF containing 110 mmol of the
chloro(cyclopentadienyl)dimethylsilane at -78°C. The
temperature was gradually increased, and the mixture was
étirred at room temperature for 24 hours and was concentrated
under reduced pressure. Inéolublesxwere removed by filtration.
The filtrate was washed with hexane and was distilled under
reduced pressure. The distillate was subjected to sgilica gel
column chromatography, and 0.86 g of
(3-ethylcyclopentadienyl) {cyclopentadienyl)dimethylsilane

was obtained. The compound was identified by GC-MS. GC-MS:
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(cyclopentadienyl)zirconium dichloride (A7)] (Step 1) synthesis of
dibutylchloro(cyclopentadienyl)silane 10 THE in a volume of 100 ml was
added to 100 ml (200 mmol) of a 2 M THE solution of sodium
cyclopentadienide. The mixture w ooled to -78C, and 100 ml of THE
was added thereto. Further, 21.3 g 0 mmol) of dibutyldichlorosilane
was gradually added dropwise. The mixture was stirred at room 15
temperature for 24 hours and was concentrated under reduced pressure,
2165} 8hreacted materials were distilled away. The residue was used in the
next step Wlthout further purlflcatlon [0396] (Step 2) synthesis of
i i o pdienyyoycle brpadiemdhthdienyl)
n- butylcyclopentadlene in an amount of 6.3 g (51.5 mmol) was dissolved
EF56 : q Hem¥all Fa N orisiconlatt ¢ DEr Adk 58 AL hexane
solutlon of n- bu llithium in a volume of 32.8 ml (51.5 mmol) was added
theretts %ﬁ&@rléberﬁ'@ér 486rer3kmimned. JThe mixture was
stirred at room temperature for 2 hours and was cooled to -78C.
(3 - B BRHEIB ISR EA6 A& aaIERY ) dfarrninamramburtiof @098 gg (9532 tmeaid1 )
dissolved in 100 ml of THE was gradually added 5 dropwise. The mixture

| was, cHSSriarest bt fefbepdtid ey hotedrand aad8Ctoe ShdursiBhe was

mixture was then cooled to 0C, and water was added to terminate the _
cooledibA. THE feactbnlickid Wassssametebwitls 21yl afetatbuFhe arganitum

. layer.was washed with a saturated aqueous sodium carbonate
in & volume of 5.09 ml (8.0 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 pressure. The concentrate was washed with 13 ml
ofhexanethreeﬁimes. Theresultmﬂ:whitesolidwassuspended
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 mixtﬁre was stirred at room
temperature for 24 hours. The mixture was then filtered and
washed with hexane to remove insolubles. The filtrate was
ccncentratedunderreducedpressureandwasvmehedwithpentane.
The resultant solid was dried under reduced pressure to give
210 mg of dimethylsiiylene(cyclopentadienyl)
{3-ethylcyclopentadienyl)zirconium dichloride (Al) (yield:
14%) . The compound was identified by 'H-NMR and FD-MS.
[c3871

1H—NMR (CDCl;, based on TMS): 7.1-6.9 (m, 2H), 6.6 (s,
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10 solution and then with a saturated saline solution, was dried over
magnesium sulfate, and was filtered. The filtrate was concentrated under
reduced pressure. The concentrated liquid was purified by neutral silica
gel column chromatography (solvent; hexane/triethylamine = 98/2 (v/v)) to
give 1.42 g 15 of dibutylsilyl(3-n-bu I%yclopentadienyl) (cyclopentadienyl)
(yield: 8%). The compound was identified by 'H-NMR and GC-MS. [0397]
'H-NMR (CDC13, based on TMS): 7.0-5.5 %s, 7I—r?, 3.1-2.3 20 (m, 2H), 7

1H) 1 §.0°% tm825M); BBLmS® 928 R1s) Btep 3) Syrithesiéitf dibutgisifiend®) -
(3-n-butylcyclopentadienyl)(c clopentadienygl)zirconium dichloride (A7)

0. 8'lq197diEE@Ist?I(B-%Uty@CI‘gﬁént%%l?en%slm (cyclopentadienyl) in an

amount of 1.4 g (4.3 mmol) was dissolved in 50 ml of diethyl ether, and
[SYnkdebifioh¥R&PcsIéd to -78C. A 1.58 M hexane solution of
n-putyllithium in a volume of 5.6 ml (8.8 mmol) was added thereto_
[Synfo6mise. Phe SiBRTIEYaRTe WHEAduANRRGRYESEY HRPRRFAKEFEY 1)
was stirred at room temperature for 24_hours_and was_concentrated

(CY G HRP R R AHE CPRE BN BdtRa 8 Taddvddid with hexane and

was filtered. The solid obtained was suspendeddir_l 80 ml of hexane. To

of dimethylsilyl dichloride, and the mixture was cooled to -78°C.
A 2.M THF solution of sodium cyclopentadiene in a volume of
38.7 ml (77.4 mmel) was added thereto dropwisé over a period
of 30 minﬁtes, and the temperature ﬁas gradually increased.
The mixture was stirred at room temperature for 24 hours, and
was concentrated under reduced pressure. Sodium chloride was
removed by filtration. The filtrate was washed with hexane,
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]

(Step 2) synthesis of dimethylsilyl

(3-n-propyvlcyclopentadienyl) (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 solution of n-butyllithium in a volume of 13.3
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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 15 dibutylsilylene(3-n-butylcyclopentadienyl)
(cyclopentadienyl)zirconium dichlogde (A7) (yield: 57%). The compound
was identified by '"H-NMR and FD-MS. [0398] 'H-NMR (CDC13, based on
TMS): 7.0-5.5 (s, 7H) 2 7 (m, 20 2H), 1.8-0.9 (m, 25H) FD-MS: 486 (MS)

nthetl xam ynthesjs ntyI (methylsil ene ,
ml % B0 5 é;%ﬁigﬁge 8?&?\% AESRY %rchlgﬁ&er@&%‘ﬁure
é_ste 1 syntheS|s of chloro(chloromet L)ﬂﬁ
w28 (iR R e AMOHTIRIARE THE A8 vBIHAEF 100THAWES 36ERH 152
%C (49 mmol) of n-butylcyclopentadiene, nd the mjixture was cooled to
coe 283 65°M heke )ée SBtitioh ‘ot h- gutyﬁl TG >Sa VtuhB%f 29.6 m

ed therefo d The mixt tirred_at
a6 WPRRANE 1 houre SHA Ve SrGE SgaRF B9 ARG 1 20 m. of

D|chIo chloromethyl) (methyl)silane in an amount of 8.0 g (49 mmol)
THF fi8% vgé r‘i&‘ ébrr%? 5 "Izﬁl‘:twa §d683 G Spwise” 6%@‘%%&8%\%5“3“6‘1
stlrred at room tem ure for 3 .hours and was concentrated under
TERReES r%?s&%u aér?é‘ wad Aiflses anar’t\%e?ﬁ&tu‘f@%efﬁfe%’d Sfnhe-he

reaQ'tgﬁgkfﬁ%r‘fﬁg@?#Pgeer 4 ERURLPEIT L B JRAPE o

terminate the reaction. The reaction liquidwas extractedwith

chl&r

hexane. The organic layer was washed with a saturated saline
solution, was dried over magnesium sulfate, and was filtered.
The filtrate was cdncentrated under reduced pressure. The
qoncentrate was purified_by silica gel column chromatography
(solvent: hexane/triethylamine = 98/2 (v/v)) and distillation
under reduced pressure to give 1.73 g of dimethylsilyl
(3-n-propylcyclopentadienyl) (cyclopentadienyl) (yield: 38%).

The compound was identified by *H-NMR and GC-MS.

[0389]

'H-NMR (CDCl;, based on TMS): 7.0-6.0 {br, 7H}, 3.0 (s,
1), 2.9 (s, 1H), 2.3 {(m, 2H), 1.6 {(m, 2H) 0.9 (t, 3H), 0.1
(¢, 3H), -0.2 ppm (s, 3H); GC-MS: 230 (MS)

(Step 3) synthesis of dimethylsilylene

(3-n-propylcyclopentadienyl) (cyclopentadienyl) zirconium

dichloride {A2)

The dimethylsilyl(3-n-propylcyclopentadienyl)
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(cyclopentadienyl)(methyl)silane. 15 [0399] (Step 2) synthesis of (pentyl)
(methyl)silylene (3-n-butylcyclopentadienyl)(cyclopentadienyl)zirconium
dichloride (A8) THE in a volume of 100 ml was added to 20
(3-butylcyclopentadienyl)(cyclopentadienyl)(methyl)silane, and the
mixture was cooled to -78C. A2 MTHE solution of sodium
cyclopentadienide in a volume of 6.9 ml (13.8 mmol) was added thereto
dropwise. The mixture was stirred at room temperature ‘for 24 hours and

(cyQlaPessiad 16 Bl WatBr ARs 3Rl to rmind® Bo' the’rddRion. His

. reaction liquid was extracted with hexane. The organic layer was
dissodiirtbd WAR Pdaifrdes HiHecRE L HiuAT fydhayEh LafbSHAESS R =2
and then with a saturated saline solution, was_dried over. magnesium,
to olffafe; aft was puidE B SIRAGH TORRT RIS rabhy (EBvaA: 2
hexanel/triethylamine = 98/2 (v/v)). The resultant ligand in _an amount of
volumg £ 54 Wnibh wis His¥BRAEY 50 AttST didth® &ther SaaPtheSSolutidh®
was cooled to -78C. A 1.58 M hexane solution of n-butyllithium in a
CeMRRRAREEE 7WEEMBEE MAmMON 15MWESAEGEd triREo dtEpiEEthe Vs
_ temperature was increased gradually. The mixture was stirred at room
STLRZERALFERTEr 55 TRNE WAS coRtenftattt & iddtiREd ProsSHEr RS
. _washed with hexane, and was filtered. The solid obtained was syspended
undey EEFBhBERRSFEthe sLEFRSINSD B8 B LARMET BF P5"ZhicBniuin™

tetrachloride was added at -78C. The temperature ,
of hexane three timeg, 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—propylcyclopéntadienyl)
(cyclopentadienyl)zirconium dichloride (A2) {(yield: 14%).
The compound was identified bf *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 (s, 1), 2.6 (m, 2H), 1.5 (m, 2H),
0.9 (t, 3H), 0.8-0.7 ppm {4, 6H); FD-MS8: 388 (MS)
[Synthetic Example 3]

[Synthesis of dimethylsilylene (cyclopentadienyl)
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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)5| ene(3-n-butylcyclopentadienyl)
(cyclopentadienyl) zirconium dICh|OI‘I (A8) (yield: 6%). The compound
was identified by '"H-NMR and FD-MS. [0400] 'H-NMR (CDC13, based on
TMS): 7.0-6.8 (m, 2H), 6.5 (m, 190 1H), 5.9-5.7 (m, 3H), 5.5 (s, 1H), 2.6
(3 -gn 2y hosroletan Ra i) ey 8 1458 (S SinthdtierE xamle9)] ]
[Synthesis of (chloromethyl)(methyl)silylene 5 _
(St¢p-nipuspnytiopeitadiényl  eyclbpentadienyRzieonidn egighlpride (A9)]
(Step 1) synthe5|s of (chlorotnethyl) (methyl) silylene
¢hl expdhii A St adie nyl)(cyclopentadienyl)zirconium dichloride (A9) 10
(3-n- Butylcyclopentadlenyl)(chloromethyl)
(cydl&Feritadte M ethylfsikfeanih arransoledf 13 gC(437 aninel) \gasmo1)
dissolved in 60 ml of diethyl ether, and the solution was cooled to -78C. A
of 23 @5 WhéxIE seladortdbn-bofylithiuyl dy a Motume of Sehen) (2B dnroak
was added thereto dropwise. 15 The temperature was gradually
MiXiHEEenserss andRehiaredWas stirréd 52 18CHexaheusodntwas of
concentrated under reduced pressure. The concentrate was suspended
n-bpted il rhekadar 2 volume of 38.4 ml (58.4 mol) 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
temperature was gradually increased, and the ﬁixture was
stirred at room temperature for 24 hours and was concentrated
under reduced pressure. Insolubles were removed by filtration.
The filtrate was washed with hexane and was distilled under
reduced pressure, thefeby obtaining 8.09 g of
(3—n—butylcyclopentadienyl)chlorodimethylsilane (yield:
64%) . The compound was identified by GC-MS. GC-MS: 214 {(MS).

(Step 2) synthesis of dimethylsilyl

(3-n—butylcyclopentadienyl)(cyclopentadienyl)

THF in a volume of 50 ml was added to 8.8 ml (16.6 mmol)
of a 2 M THF solution of sodium cyclopentadienide, and the
mixture was cooled to -78°C. The
(3~n~buty1cyclopentadienyl)chiorodimethylsilanelean.amount

of 1.8% g (8.8 mmol) was dissolved in 20 ml of THF, and the
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To the suspension, 0.97 g (4.2 mmol) of zirconium tetrachloride was
added at -78C. The temperature was gradually increased, 20 and the
mixture was stirred at room temperature for 24 hours. The mixture was
then filtered and washed with hexaq; 4to 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 191 n-pentane. The solid obtajned was

solublBniak PFGide 26051G 56t (CRior éﬁ%‘/ﬁf&%ﬁwyl)sﬁ gniixture was
3-n-butyl | tadi | | tadienyl)zi iU ichloride (A9
ot donenadeny Cyclpeniatienlegnium, diehiorde (80 s

The SEUGSRAT 4 5 HC 0D P, B TS [N, Sy, FEMEREer

ces SIS DIEIS S 10 Sy o Gneb(pUITS .
was AR ERS Ry ARy L LR S, R 2
= SRS LBRGTDIBR nirthe AGLA WES RSEIBHE PRI =c=-
and &%%rgfaeﬁglﬁ%%igiﬂ%?ﬁd% 19 a(t? g '“r%rgol ngl%sé gggl:%% e:r 41 %£%§e£%[ 4. ced
pressure. The concentrate wés distilled under reduced
pressure to give 1.07 g of dimethylsilyl
(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 (bxr, 7H), 3.2 (d,
1H), 2.9 (4, 1H), 2.3 (t, 2H), 1.4 (m, 4H), 0.9 (t, 38), 0.1

(t, 3H), -0.2 ppm (s, 3H); GC-MS: 244 (MS)

(step 3) synthesis of dimethylsilylene(cyclopentadienyl)

(3-n-butylcyclopentadienyl)zirconium dichloride (A3)

The dimethylsilyl(3-n-butylcyclopentadienyl)
(cyclopentadienyl) in an amount of 0.58 g (2.38 mmol) was
dissclved in 30 ml of diethyl ether, and the solution was cooled
to -78°C. A 1l.57 Mn-Buli solution 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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20 the mixture was stirred under ref lux for 1 hour. At 0C, 4.34 g (41
mmol) of 6,6-dimethylfulvene was added, and the mixture was stirred
under ref lux for 3 hours. The reaction liquid was cooled to OC, and the
reaction was terminated by adding Iiﬁ\l-hydrochloric acid. The organic
layer was extracted with 192 hexané and was washed with a saturated
aqueous sodium hydrogen carbonate solution and a saturated saline
solution. The reaction product was purified by silica gel column
Pre&iibifatog %’behf EHhfeht RS@TERidhFRAThe L 08f2nl/Wf Svergive 2 Rree
. 0 (14 mmol) of dimethylmethylene :
Limesh putlitydEseaarRhy it ERpeaktkiWhsTRescemdedhdiwas 0 ml of
identified by 'H-NMR and GC-MS. [0402] 'H-NMR (CDC13, based on
hexaffsy: 670556 SASPSNR2 I 105802y 2(@ 214 (M), 106029 fmonium
13H); GC-MS: 228 (MS) (Step 2) synthesis of dimethylmethylene
tet @l fidAsopitadiefef ciflopditadienyDhicormmpe drhioritlen#d 0)
The ligand in an amount of 1.3 g (4.66 mmol) was dissolved 15 in 60 ml
ITAGPGeth diHeF Satethe SohtionhRaEBsleH%0 VABC SN EE5dM atBuicion
solution in a volume of 5.7 ml (9.3 mmol) was added thereto dropwise.
CempRE MBErdiGre RAsRPRdRly Rbfdsbatuae the mishrnwis Misrddtand
10C for 3 hours and was concentrated under reduced pressure. The
wasBstitle {eXad6 shepaitieerif GoRht6f-hetinte. froltheaepwasion,

0.97 g (4.2 mmol) of zirconium tetrachloride was added at -78C. The
concentrated under reduced pressure to give 510 mg of a crude

purified product. The crude product was washed with diethyl
ether and pentane, and the solid obtained was dried under
reduced pressure to give 1%0 mg of
dimethylsilylene (cyclopentadienyl)
(3—n—butylcyclopentadienyl)zirconiunldichioiide (A3) (vield:
20%). The compound was identified by 'H-NMR and FD-MS.
[0392]

"H-NMR (CDCl;, based on TMS): 6.5 (d, 2H), 6.6 (s, 1H),
5.9 (¢, 3H), 5.5 (s, 1H), 2.6 {m, 2H), 1.4 (m, 2H), 1.3 (m,
2d), 0.9 (t, 3H), 0.8 ppm (m, 3H}; FD-MS: 404 (MS)
[Synthetic Example 4]
[Synthesis‘of dimathyisilylene(cyclopentadienyl)

(3-n-octylecyclopentadienyl) zirconium dichloride (A4} ]

(Step 1) synthesis of n-octyleyclopentadienide
THF in a volume of 100 ml was added to 50 ml (100 mmol)

of a 2 M THF solution of sodium cyclopentadienide, and the
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and agﬁflne was a

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 insolubles. The 193 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
. . dimethylmethyleng(3-n-gyclopentadienyl) _ (cyclo jenyl)zircQni

R R (KR o 4 B Tho SemBoUa s Coriiod By TR
and FD-MS. [0403] 'H-N CDC13, bas TMS): 7.1- é 7H), 3.

of 1P ETOHS SR SR T IS R Gy Ty Lab B (it @
21H);,FD:MS. 436 (M xample L izafi .

(0 GIEL B3 DTSR TS o T L rug P00 LCpetee-
purified toluene, and ethylene was, passed H]r S 0 sgturat

The tﬂé)ﬁaﬂfaep%asse asntaltIr"lreé(fqtﬁsa%ha?eB W?tsh et’l%ly §r$§.gggggr%h§§s%ream§g% Sr

st1:G4ene- {08 [amperalie as inceasela /s G angaebyiaugnpane.
(ﬁ. mmolin terms %was added. Further, a toluene solution 20 of the
metallpocene compound (AQé CQ me. In.t ef Ay nas added.. i 4

The 5&?%%?1?&%& \?vat'éeprenri or%me% W%gi) e%?upp%{l%;'[ g%ﬁyléﬁg gt 100 L/hr a?Cl '

5C for 10 minu&

Q1040 dEs o D RAIILa QR ELIPY xvaﬁﬁgashﬁﬂ%t}gaﬁ@&mg%r
was washed with a saturated agueous sodium hydrogen carbonate
solution and then with a saturated agueous sodium chloride
soiution. The organic layer was dried over magnesium sulfate,
was filtered, and was concentrated under reduced pressure. The
concentrate was purified by distillation under reduced
pressure to give 6.7 g (37.5 mmol) of target
n-octyleyclopentadiene. The compound was identifiedby GC-MS.

GC-MS: 178 (MS).

{(Step 2) synthesgis of dimethylsilyl (cyclopentadienyl)

{3-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 solution 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 mmeol) of

dimethyleilyl dichloride at -78°C. The temperature was
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dried under vacuum for 10 hours to afford 2.41 g of an ethylene 194
homopolymer. Results of analysis of the polymer are set forth in Table 1.
[0404] [Examples L-2 to L-10] 5 The procedures of Examplg L-1 were
repeated, except that the metallocq:?s/a compound (Al) used in I_Exam_ple
L-1 was replaced by the metallocene.compounds (A2 to A10) in varied
amounts. Results of analysis of the polymers obtained in Examples L-2
to L-10 are set forth in Table 1 together with the results of 10 Example
gragya jgsosiexanphsy - B dreparatibe vhselidieampanient48) kta 2661
reactor equipped with a stirrer, 10 kg of silica 15 (Si02: average particle
tengRRRitEE B0fGH) Mabivad BeenWredn Bt 260€ foadOcmrsmasat ed under
suspended in 90.5 L of toluene in a nitrogen atmosphere. The suspension
redifaetJeRarRUr f 5684 A Tsiadndslatinn v muthytakintxarfs :@ation.
mmol/mL in terms of Al atom) in a volume of 45.5 L was added dropwise
Theid thbtapsigspensiondiesd i dfesstmnutesiDuring thexdiopwises
addition, the temperature in the system was maintained at 0 to 5C. After
dis el depuwiseaddinem theseddtibhnass conteaoushipeddrmearkatdie5C
for 30 minutes. Thereafter, the temperature was increased to 95 to 100C
theyehpo At hBding 195 -

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 sdlution 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 liquid was extracted with hexane.
The organic layer was washed with a saturated aguecus sodium
hydrogern carbonate solution 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(cyclapentadienyl)(3un—octylcyclopentadienyl)
(yield: 39%). The compound was identified by GC-MS. GC-MS:

300 (MS).
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' COO P&d ahd the cohcknfati

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 tquene was added thereto 5 to a total volume
of 129 L, thereby preparing a tolue esslurry of the solid component (S). A
portion of the solid component was sampled and the concentrations were
determlned resultrng in a slurry concentratlon of 96.5 g/L and an AI

(1 0 g in terms of the solid component) was added thereto 15 Further

12 FRAL S As6EhE ShHAbRY He@ RittatbeeRE lcompound (Al) (0.002

mmol/mL in terms of Zr atom) was added dropwise. Reaction was

3 - heforried ¥ tORARERPL Aitlre fol? RBURTTRRRE pefnatarit Was e BRRt)
g é{}decantatron The residue was washed with heptane two times and was

FRAINBLE 208 P brafhepEiRisiuty idhd GRslysPEmpoREHOR as

ortion of the heptane slugg of the solid catalyst component (X-1) was

§ﬁ%ﬁ@%eﬁ9%ﬁ%&9qegaﬂ%quEﬁiﬁ1th1um
concentration of 0.023 mg/mL and an Al concentration of 1.3 mg/mL. 196
in a[mlﬂtp@meﬁgaﬁloﬁtl 20.5 mmol) was added thereto dropwise.

The temperature was gradually increaséd, and the mixture was
stirred at room temperature for 24 hours and was concentrated
under reduced pressure. The concentrate was washed with hexane.
The s.olid obtained was suspended in 80 ml of hexane.' To the

guspension, 1.96 g (8.4 mmol) of zirconium tetrachloride wasg

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 a solvent mixture consisting of diethyl ether and
pentane. The resultant solid was dried under reduced pressure
to give 240 mg of dimethylsilylene(cyclopentadienyl)
(3-n-octylcyclopentadienyl) zirconium dichloride (yield: 5%).
The compound was identified by 'H-NMR and FD-MS.
[0393]

| ‘H-NMR (CDC1., based on TMS): 7.0 (s, 1H), 6.9 (s, 1H),

6.5 {s, 1H), 5.9-5.8 {(m, 3H), 5.5 {s, 1H}, 2.7 {m, 2H}, 1.5
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A 1 L SUS autoclave thoroughly purged with nitrogen was charged with
500 mL of purified heptane, and ethylene was passed 5 through the
autoclave to saturate the liquid phase and the gas phase with ethylene.
Further, 10 mL of 1-hexene and 0.3/ mmol of triisobutylaluminum were
added, and 40 mg in terms of the solid component of the solid catalyst
component (X-1) was added to the autoclave. The temperature was
in%rﬁ sed tq 8QC, and 10 polymerization was performed at 0.78 MPaG for
(m'90 mlﬁfutgs'%rh " hofyier otifafhedtwasiBried Gnderse@udm, fof LD hotibs MS :
4540 F}E@fd 24.61 g of an ethylene/ 1 -hexene copolymer. Results of GPC
analysis and properties of the polymer are set forth in Table 1. 15 [0408]
s [Fxamples L-12 to L-ZC%] Preparation of solid catalyst components (X-2 to
[ X-10 §(§1i écaatgl@% C r%ponents (X-2 to X-10) were prepared in the
sysipe Mannet a for '525 olid_catalyst component (X-1) in 20 Example
[ L-11, e%gepcf%héijtﬁg é‘[séﬁc}c]%]ee&ﬁnpound (Al) was replaced by the
r3- ggailo epec oun s§A2 to AlQ). [0409] Polymerization
[ olym’egrizgﬁérg ?vlggji)%rfb HetSY FHEOBsmEaRd s bk in 197 Example
L £X¢8 that the splid catalyst component (X-1) was replaced by the
(cyscﬁﬁ? cat% VSt 85%?&%&1&5 TR LA LAHH GriePEmbunts of the solid

catalyst. Results of GPC analysis and properties of the polymers are set
%%5@9515 of [3-(4,4,4-trifluorobutyl)]

(cyclopentadienyl) chlorodimethg}lsilane

THF in a volume of 150 ml was added to 1.5 g (8.5 mmol)
of (4,4, 4-trifluorobutyl) cyclo.pentédiene, and the mixtﬁre 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)
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
with hexane, and the hexane was distilled away fromthe filtrate
under reduced pressure. Dimethylsilyl dichloride was removed
by distillation under reduced pressure. Thereafter, 100 ml of
THF was added, and the mixture was cooled to -78°C. A 2 M THF

soiution of sodium cyclopentadiene in a volume of 4.7 ml (9.4
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5 1. [0410] [Example L-21] Polymerization A 2 L SUS autoclave
thoroughly purged with nitrogen was 10 charged with 250 g of NaCl, and
the content was dried under vacuum at 100C for 90 minutes.
Subsequently, the pressure inside the autoclave was returned to normal
pressure by supplying 1-butene/etﬂ§Rene 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 )

mmo Jpii 6B Bty IR RAHTIN v ESSGFe FERRIVS fry inTefm@ bF B Soliips stirred
component of the solid catalyst component (X-2) was added to the

at ZOABcIaGEPREIpRIETSafion was 6@%%&%.7@%&@%0&@@8‘%@’900%
minutes. The product was washed with sufficient 20 amounts of water to

Lo herblRARECICYPIeRAS TP polfifer W2 BAEd LAYELVARBIntIor dpcted

~hours to afford 39.5 g of an ethylene/ 1 -butene copolymer. Results of

withpRxansly 48 Stk HREIRRds BRERC SOy Erdre Rt foRR I Ribfer2 fered.
[0411] 198 [Example L-221 Polymerization Polymerization was

The feifbhbSn 13 s&MR IRAMTR AN UEREHpleaL 8§ eekdeht Bt Tife sofide
catalyst component (X-2) 5 was replaced by the solid catalyst component

conqRuyEHe aXAFiddt Arfotft oPthe® doiicFEaBiR/bt. IR saPRalRiaPhY

and
(solvent: hexane/triethylamine = 98/2 (v/v)) to give 1.5 g of

[3-(4,4,4-crifluocrobutyl)]
(cyclopentadienyl)chlorodimethylsilane. The compound was
identified by GC-MS. GC-MS: 298 (MS).

(Step 2) synthesis of dimethylsgilylene

[3-{4,4,4-trifluorobutyl)cyclopentadienyl]

(cyclopentadienyl) zirconium dichloride (A5)

The {3-{4,4,4-trifiuorobutyl)]
(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—butyllithium inavolume of 3.0ml {4.8 mmol) was added thereto
dropwise. The temperature was gradually increased, and the
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 solid was suspended in 60 ml of hexane. To the

suspension, 410 mg (1.8 mmol) of zirconium tetrachloride was
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properties of the polymer are set forth in Table 2. [0412] [Example L-233
10 Polymerization Polymerization was performed in the same manner as
in Example L-21, except that the solid catalyst component (X-2) was
replaced by the solid catalyst compggent (X-4) with a varied amount of
the solid catalyst. Results of GPC analysis and 15 properties of the
polymer are set forth in Table 2. [0413] [Example L-24] Polymerization

adaEQIyrerizaen wasperforped.inthe same %@a l;i'é i%g%%%%%{%theand

L-21, except that the solid catalyst componerit

the SRYIG CqtAly FLCOMPOReRI{X:6) it A vatied . arpauit of the,solid caralyst.., .

Results of GPC analysis and properties of the polymer are set forth in

mixfaple 3,04 l:ﬂel‘?gf i@%@?é@twﬁémﬂg&'%Ji%‘ﬂy'ﬂg%%ﬂeo N ?e lz_:_elmove

Polymerization was performed in the same manner as in Examp

ins&Xeeptdhat th&@e?{'%%%@c&OWQQUE%&%Q%@?&V&E"%(?@’ feduce

metallocene compound (El). Results of GPC analysis and properties o

preNRPYYRIST 5 gekIQridn g@b&?i_rﬁelﬂ?ﬁ%ﬁﬁﬁ%& compound (El)
used in Comparative Example is illustrated below.

[3-(4,4,4-trifluorobutyl)cyclopentadienyl]

(cyclopentadienyl) zirconium dichloride (A5). The compound

wag identified by 'H-NMR and FD—MS.

[0394]

'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
(3-butyl-2,4,5 —trimeﬁhylcyclopentadienyl )

(cyclopentadienyl) zirconium dichloride {(A6)]

(Step 1) synthesis of 2-butyl-1,3,4-trimethylcyclopentadiene

To a reactor, 259 g of polyphosphoric acid was added. At
40°C, 50.7 g of sec-butyl methacrylate was added dropwise with
stirring. The mixture was stirred for 1 hour. The temperature
was increased to 80°C, and the mixture was stirred at the
temperature for 1 minute and was thereafter cooled. The
reaction liguid 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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El: dimethylsilylenebis(cyclopentadienyl)zirconium 10 dichloride [0415] i~
/Cl 01 [0416] [Comparative Example L-21 15 Polymerization
Polymerization was performed in the same manner as in Example L-I,
except that the metallocene compoigéi (Al) was replaced by a
metallocene compound (E2) and th ount of the catalyst was changed.
Results of GPC analysis and properties 20 of the polymer are set forth in
drl?Sglﬁla%t%ggé%?fﬁl%%omp%%%d gszgclggg rlggé)g %a;{gte'\ée Eé%ﬁ]g(l;d

dimethylsil nebls(3 n- butylcyclo entadien irconium dlchlorlde [0417]
oreSSFEE, ST RS R s SO of I S B L B uced

pressﬁwﬂenzagpn 8 g of 2,3,5-trimethylcyclopent-2-enone thus
obtained, 75 ml of diethyl ether was adaed, followed by cooling
to -78°C. A O.éé M TEF solution of n-butylmagnesium chloride
in a volume of 72 ml was added thereto dropwise over a period
of 25 minutes. The temperature was gradually increased to room
temperature, and the mixture was stirred for 24 hours.

Thereafter, a saturatéd.aqueous ammonia chloride solution was
added dropwise at -10°C. The mixture was stirred for 10 minutes,
and a 20% aqueous sulfuric acid sclution was added. The organic

layer was extracted with diethyl ether, was washed with a

- saturated aqueous sodium hydrogen carbonate solution, and was

concentrated under reduced pressure. The concentrate was
purified by distillation under reduced pressure and silica gel
column chromatography (solvent: hexane) to give 5.2 g of
2-butyl-1,3,4-trimethylicyclopentadiene. The compound was
identified by GC-MS. GC-MS: 164 (MS).

(Step 2) synthesis of

(2-butyl-1,3,4-trimethylcyclopentadienyl)

{cyclopentadienyl)chlorodimethylsilane
THF in a volume of 100 ml was added to 1.6 g {12.9 mmol)

of the 2-butyl-1,3,4-trimethylcyclopentadiene, and the

mixture was cooled to 0°C. A 1.57 M hexane solutrion of
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Polymerization was performed in the same manner as in Example L-1,

except that the metallocene compound (Al) was 10 rgplaced by a .

metallocene compound (E3). Results of GPC analysis and properties of

the polymer are set forth in Table 3gfhe metallocene compound (E3)

used in Comparative Example is illustrated below. E3_: _ _ o

dimethylsilylenebis(3-tert-butylcyclopentadienyl) 15 zirconium dichloride

0419] 201 uo XCl SiZfls\lg01tBu"3 [0420] [Comparative Example
nWbL-ﬁY%&ﬁr%\éHE’aﬁ&h % pEyHBFzeforPwasprféiked imthelsama mantded

as in Example L-l, except that the metallocene compound (Al) was |
EheZ ST R S BY ifiGtall cLBRTESHNEh M 2545 Bhd Tied atounbef thenpataiystre

changed. Results of GPC analysis and properties of the polymer are

20 L IHA T Teble 3 THemetalocBRCTHE CEMSGLHRE Pudba 15 . 5 mmol)

omparative Example is illustrated below. E4: ‘
of gjr‘rrf]e%)ﬁ Xﬁﬁé&éﬁis@%—aﬂﬁ&ﬁ%y&éﬁeﬁ@@%ﬁy@rop‘ﬂSe- The

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 reducéd
pressure, and the concentrate was filtered to remove insolubles.
The filtrate was washed with heiane, and the_hexane'was
distilled away from the filtrate under redﬁced pressure.
Dimethylsilyl dichloride was removed by distillation under
reduced pressure. Thereafter, 100 ml of THF was added, and the
mixture was cooled to -78°C. A 2 M THF solution of sodium
cyclopentadienide in é volume of 4.7ml (9.4 mmol) was gradually
added dropwise. The mixture was stirred ar room temperature
for 24 hours,.and water was added at 0°C to terminate the
reaction. The organic layer was extracted with hexane, wasg
washed with a saturated aqueous sodium chloride 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 4.6 g (16.1 mmol)
of (3~buty1~2,4,S-trimethylcyclopentadienyl)

(cyclopentadi@nyl)chlorodimethylsiiane. The compound was



zirconium dichloride [0421] 202 | -E4 04 [0422] [Comparative Example
L-5] Polymerization 5 Polymerization was performed in the same manner
as in Example L-I, except that the metallocene compound (Al) was
replaced by a metallocene compoung, (E5). Results of GPC analysis and
properties of the polymer are set forth in Table 3. The metallocene
compound (E5) used in Comparatlve Example 10 is illustrated below. ES5:
dimeth le 2,3, thy lo adienyl)zirconium dichloride
ide 521 ]%;Og g%%) é(r) %é [C%?/ngpaﬁ? tg \}e ‘Example L-6] Preparation
of solid catalyst comonent EX 1)5A S'|Id catalyst component (EX-1)
€ : : olid catalyst component

{3- b(t>1( %;)lm Exfn%plgr1methy2cyclopentad1enyl)

{(cyclopentadienyl) zirconium dichloride (26)

‘i‘he (3-butyl-2,4,5-trimethylcyclopentadienyl)
(cyclopentadienyl).chlorodimethylsilane in an amount of 0.53
g (1.9 mmol) was dissoclved in 50 ml of diethyl ether, and the
solutiota. was cooled to -78°C. A 1.57 M hexane solution of
n-butyllithium in a volume of 0.76 ml (1.')‘ mmol)ﬁ was added
thereto dropwise. The temperattxre was gradt:taily increased,
and the mixture was stirred at room temperature for 24 hours
and was cén.centra‘aed under reduced pressure. The concentrate
was washed with 6 ml of hexane three times. The resultant solid
was suspended in 50 ml of hexane. To the suspension, 400 mg
(1.7 mmol) of zirconium tetrachloride was added at -78°C. The
t:emperéture 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 to cause gradual precipitation. The precipitate
was washed w.ith pentane, and the solid was dried by
concentration under reduced pressure to give 30 mg of
dimethylsilylene (3-butyl-2,4,5~-trimethylcyclopentadienyl)

(cyclopentadienyl)zirconium dichloride (A6). The compound
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L-11, except that the metallocene compound (Al) was replaced by the
metallocene compound (El). [0425] 10 Polymerization Polymerization was
performed in the same manner as in Example L-11, except that the solid
catalyst component (X-1) was replaged 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. [0426]
[Comparative Examples L-7 to L-12] Preparation of solid catalyst
Wa sl 5t $EXEY to EXMR2 GG dTia-d4%alyst components (EX-2 to
EX-7) were prepared in the same manner as for the solid catalyst
[038(§r}1ponent (X-1) in Example L-11, except that the metallocene
compound (Al) was replaced by the metallocene compounds (E2 to E7).
The 5 MtRIIdEHeleonprtrdsTE6 TR E7 fused(im, Cofpardtive (s, 2H),
E@ﬁr{]j)les are illustrated below. E6: bis(cyclopentadienyl)zirconium
5 8 dichbride? [da2r] 2l Ber PHE.EG L0 [0498) ®7: 9H) , 1.5-1.2 (m, 4H),

bis(n-butylcyclopentadienyl)zirconium dichloride [0429]
-9-0.7 (m, "9H); FD-MS: 444 (MS)

[Synthetic Example 7]
[Synthesis of dibutylsilylene(3~n—butylcyclopentadienyl)
(cyclopentadienyl) zirconium dichloride (A7)]

(Step 1) synthesis of dibutylchloro(cyclopenta‘dienyl)silane

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 wasg
gradually added dropwise. The mixture was stirred at room
temperature for 24 hours and was concentratéd-under reduced
Pressure, and unreacted ma.terials were distilled away. The
residue was used in the next step without further purification.
[0396]

(8tep 2) synthesis of dibutylsilvyl

{3-n-butyl cyclopentadienyl) (cye lopentadienyl)

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 32.8 ml (51.5 mmol) was added thereto dropwise over a period
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ua rnBU7 [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 amoun gf the solid catalyst. Results of
analysis 5 of the polymers obtained in Comparative Examples L-7 to L-12
are set forth in Table 3 together with the results in Comparative Example
of 3 hﬁ t{??éé”b%LThf]fﬁ%“%ﬁgég%éwsss%%%c%@%atr a%'ggn?ﬁ%m 'e§a5€‘8¥vg.]foor
af the bridged metallocéne compoun s]i e components )e) according
to the invention can afford polymerg having a lower molecular weight and
2 hoél f:asrgé"“rr1 r%%vﬁéc’r gfcfgrn%maﬁ\%nglj%gor%s with higher catalytic activity than
.. _the.canyentional symmetric jmetallocene compounds. 15 Zj[n lefi
D B S T B S oA A Ay 203 9
[Synthetic Example 111.A co und (B1) r sented b ﬁt—%\‘f Igowin
(95. ei Ci(lsé)ﬁ?_VEk MR dl o% ged“}ﬁs\]FSg ZE% Yof ed

THm,
Srimula was syn eS|zed1by a method descri
droﬁgfgél The mixture was stirred at room temperature for 8
hours and at 45°C for 8 hours. The mixture was then cooled to

0°C, and water was added %o terminate the'reactionﬂ The

reaction liguid was extracted with ethyl acetate. The organic

 layer was washed with a saturated agueous sodium carbonate

golution and ;hen with a saturated saline solution, was dried
over magnesium_sulfate, and was filtered. The filtrate was
concentrated under reduced pressure. The concentrated liguid
wag purified by neutral silica gel column chromatography
(sclvent: hexane/triethylamine = 88/2 (v/v)) to give 1.42 g
of dibutylsilyl(3-n-butylcyclopentadienyl)
(cyclopentadienyl) (yield: 8%). The compound was identified
by *E-NMR and GC-MS.
[0397]

'H-NMR (CDCl;, based on TMS): 7.0-5.5 (s, 7H), 3.1-2.3

(m, 2H), 1.9-0¢.9 (m, 25H}); GC-MS: 328 (MS)

(Step 3) synthegis of dibutylsilylene

{(3-n-butylcyclopentadienyl) (cyclopentadienyl) zirconium

dichloride (A7)

The dibutylsilyl(3-n-butyvlcyclopentadienyl)
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206 r.1[0433] [Synthetic Example 121 A compound (B2) represented by
the following formula was 5 synthesized by a method described in
EP351392. [0434) t"0O L ,cl ~._/ ... [0435] [Synthetic Example 13] 1'0 A
compound (B3) represented by the,fgllowing formula was synthesized by
a method described in JP-A-2000-212194. [0436] 207 Al .~ 3 [0437]
[Synthetic Example 14] A compound (B4) represented by the following
formula was 5 synthesized by a method described in EP955305. [0438] s
(cyrlopentadipugd} 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
voluﬁe of 5.6 ml (8.8 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. Theconcentratewasvmshedwithhexane
and was filtered. The solid obtained was suspended in 80 ml
of hexane. To the suspension, 0.95 g (4.1 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 to give 1.2 g of
dibutylsilylene(3—nwbutylcyclopentadienyl)
(cyclopentadienyl) zirconium dichloride (A7) {yield: 57%).
The compound was identified by ®EH-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 {MS)
[Synthetic Example 8]
[Synthesis of {pentyl) (methyl)silylene
(3*n—butylcyclopentadienyl)(cyclopentadienyl)zirconium

dichloride (28})]
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[Synthetic Example 15] 10 A compound (B5) represented by the following
formula was synthesized by a method described in JP-A-2005-200451.
[0440] 208 r C1 [0441] [Synthetic Example 16] A compound (B6)
represented by the following formulgyvas 5 synthesized by a method
described in JP-A-2004-168744. [0442] ZroOl m 56 [0443] [Example M-1]
10 [Preparation of solid catalyst component (Y-1)] A 200 mL glass flask
ured Wltp nltrO%en was cfare %r%o rgpjc_h f{luene and the toluene
erfis-of the solid component)

(c ﬂgg@r@g&%l%x?iﬁlgrggghkﬁ \grﬁggded thereto. Further, 7.6 mL of a
pound (dlmethylsnylene

(cvglgperiadieny) & puapyieyeloneyadienyaicQiy Gichlarige ) op
06

mmol/mL in terms of Zr atom) and 5.1 5 mL of a tofuene solution of

nwbu ;dédkl%}g +aeRond Q%A(Qh%ozn%@?@@wgée%%ér alomy goc,

pwise as a mixture ((A2 molar ratio = 60/
A 1.%g%t|8g}¥\éq‘lsepgc§9ﬁ@§%gtof n-butyllithium in a volume of 29.6

ml (48.8 mmol) was added thereto dropwise. The mixture was
stirred at room temperature for 2 hours and was cooled again
to -78°C. Dichloro(chloromethyl)(methyl)silane in an amount
of 8.0 g {49 mmol) dissgived in 50 ml of THF was added dropwise.
The mixture was stirred at room temperature for 3 hours and
wasconcentrataﬂunderreducédpressuré. Hexane was added, and
the mixture was filtered. The filtrate was distilled under
reduced pressure to give 3.43 g of target chloro(chloromethyl)
(cyclopentadienyl) (methyl)silane.

[0399]

(8tep 2) synthesis of (pentyl) (methyl)silylene

(3-n-butylcyclopentadienyl) (cyclopentadienyl) zirconium

dichloride (AR8)

THF in a volume of 100 ml was added to
{(3-butylcyclopentadienyl)} (cyclopentadienyl) (methyl)silane,
and the mixture was cooled to -78°C. A 2 MTHF solution of sodium
cyclopentadienide in a volume of 6.9 ml (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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room temperature for 1 hour. After the reaction for | 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 slygy (solid catalyst component Y-1). A
portion of the heptane slurry of the solid catalyst component (Y-1) was
sampled and the concentrations were determined, resulting in a Zr 15
concentration of 0.046 mg/mL and an Al concentration of 2.6 mg/mL.
thedeRt B merafiche At i Su S havddave tharstghly pedged wlithexane .
W nitrogen,was 20 charged with 500 mL of purified heptane, and ethylene
The, rgeaske d KRR the st orésturate shalivtie glepecantstitod i um
as phase with ethylene. Thereafter, 10 mL of 1-hexene and 0.375 mmol
hy A ABRR R AIRRRA R EmRE e AR R BA dCIE M A thras i tthesbld saline
component of the solid catalyst component (Y-1) was 210 added to the
SO L LG RRkye hedBh iR rSiRE WRRIRGEASE 301806t @ cepalymresization £ i ed
was performed at 0.78 MPaG for 90 minutes. The polymer obtained was
by aﬁj&ﬁﬁdgre\}aﬁﬁﬂ'ﬁ“fg% TGRS (e HRRl Y 6.65¢ b anethylene/1-hexene
er. Results of 5 GPC analysis and properties of the polymer are

hex00p2§§2i £ 1 = . .
&BFrorthif “PadiEmi BRd= &R cRar 7 showR e FrpuJoMs [Eigapde in

‘M-2] Polymerization ,
an amount of 1.6 g (5.74 mmol) was dissolved in 50 ml of diethyl

ether, and the solution was coocled to -78°C. A 1.58 M hexane
solution of n-butyllithium in a volume of 7.12 ml (8.8 mmol)
was added thereto dropwise. The temperature was increased
gradually. The mixture was stirred at room temperature for 24
hours,wasconcentratedunderreducedpressure,waswashedwith
hexane, and wasg filteredf The éolid.obtaiﬁed.was suspended in
60 ml of hexane. To the suspension, 0.88 g (5.2 mmol) of
zirconium tetrachloride was added at -78°C. The temperature
was gradually increased, and the mixture was stirred at room
temperature for 24 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
(pentyl)(methyi)silylene(3~n—butylcyclopentadienyl)
(cyclopentadienyl)zirconium dichloride (AS8) (yvield: 6%). The
compound was identified by 1H~NMR and FD-MS.

[0400]

‘H-NMR (CDCl;, based on TMS): 7.0-6.8 (m, 2H), 6.5 (m,



10

15

20

10 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 vol c) . The polymer obtained
was dried under vacuum for 10 ho to afford 75.5 g of an
ethylene/1-hexene copolymer. Results 15 of GPC analysis and propertres
of the polymer are set forth in Table 4. [0446] [Example M-3]
Poly erizatio L QU tocI thoroughly pu with nitrogen
WgS cn%u’ged With %g%f’ S g e c%nlt%gn[b(r}v'a L%gegd u'ILn eré) 5"
vacuum t100C fo minutes. Subsequently, the pressure inside the
21H)autgaa\% Was rgtu{y?% to normal pressure by supplying
s BUtE eé en mré re gas (1-butene 211 concentration: 4 volo), and
Yif fiist empgra?ure was adjusted at 75C Under a stream of the

ture as,.0. mol of triis wa added and 34 .4 mg

[Syz}ﬁg sorpt'f:le Zsﬁ‘rgoggrlnnpgr% ni.l?uf%{n |d Cata R}Et component (Y- 1) was
2 dedt 5th autoclave. Pol rization wa rform 8. M
R R SO TR DAt LR RELRE LA doeb®

dlch

ou.nc{s o ir to remove NaCl completely. The polymer was "dried
der vacu

r 10 hours to afford 68.9 g of an ethylene/ 1-butene
naI srsg d 0 proy of Rhelpol mer are
3 of this

(3~ x?%”?:%%r?cﬂg%%%eg adienvl) (cyclopentadienyl) zirconium

dichloride (A9)

(3-n-Butylcyclopentadienyl) (chloromethyl)
(cyclopentadienyl) (methyl)si.lane in an amount of 1.3 g (4.7
mmol) was dissclved in 60 ml of diethyl ether, arnd the solution
wag cooled to -78°C. A 1.65Mhexane sol.ution 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
gtirred at 10°C for 3 hours and was concentreted under 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 was stirred at room temperature for 24 hours.

. The mixture was then filtered and washed with hexane to remove

ingsolubles. 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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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 50 mL of toluene, and the toluene slurry of the solid component (S)
(1.0 g in terms of the solid componqgr‘) prepared in Example L-11 was
added thereto. Further, 7.6 mL of a toluene solution 20 of the metallocene
compound (dimethylsilylene
(cyclopentadienyl)(3-n-butylcyclopentadienyl)zirconium dichloride (A3))

- BRI AmolfmE iﬁ‘téﬁrﬁsqg%%ﬁ)‘%a sangrndimoiiene spiutiornofo mg
the metallocene compound (Bl) (0. 002 mmol/mL in terms of Zr atom)

of ERLSFRIEHBMEES Birhikeire PLOngA2)/(B1) molar ratio = 60/40).
Reaction was performed at room temperature for 1 hour. After the

(3 -RRHGY forCh O AR S A d et e rie Hap et sciarmutant fofuenel The

& . _supernatant was removed by decantation. The residue was washed 5 with

1 CRaRBnE fvtiheSaRlAasSidticd inkhsoRmpbuid pasei demyi(Sakt by

... Catalyst component Y-2). A portion of the heptane slurry of the solid

H"%%Falfs‘f“éo?r}gb‘ﬁﬁnt (Y-2) was sampled and the concentrations were

[04d§hermined, resulting in a Zr concentration of 0.034 mg/mL and an Al
8dricentration of 2.1 10 mg/mL. [0448] Polymerization Polymerization

was, carried out in the same manner as in .
H-NMR (CDCl;, based on TMS): 7.1-5.5 {m, 7H), 3.4 (4,

2H}, 2.6 (m, 2H), 1.6-1.2 (m, 4K}, 0.9-0.7 (m, 6H), 1.6-0.6
(m, 21H); FD-MS: 436 (MS)

[Synthetic Example 10]

[Synthesis of dimethylmethylene
{3—n~buty}cyclppantadienyl}(cyclopentadienyl)zirconium
dichloride {(A10)]

(Step 1) synthesis of dimethylimethylene

(3~n—butylcyclopentadienyl)(cyclopentadienyl)

1,2-Dimethoxyethane in a volume of 100 ml wag added to
5g (40.9 mmol) of n-butylcyclopentadiene, and the mixture was
cooled to 6°C. Potassium hydroxide in an amount of 2.8 g (50
mmol) was added. The temperature was gradually increased, and
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 liguid 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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Example M-1, except that the solid catalyst component (Y-1) 15 was
replaced by 15 mg of the solid catalyst component (Y-2). The polymer
obtained was dried under vacuum for 10 hours to afford 60.2 g of an
ethylene/1-hexene copolymer. Res é@ of GPC analysis and properties of
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
indicatgéj in Table 16 [044%]U%Exam%% Még] Polymerizatign 21311

hex%ﬁy%ne i%%i%nw\%gg CaHEG Bt iR ER e T ARRE P AS IR xﬁ?n%lem-ﬁ?gen

except that the ethylene gas was replaced b droge ete lene mjxture
e A bRHo RISl TS VERRT . TAA O ket ShicinBa whes
reacdrled under ac ur‘ggor 1%ngr,s to affor, 55.%9 ofla}ncol . _
e‘iﬁfﬂgngfi- exene co%o%mer. Resulte GGPC angﬁ/ys and” properties of
the polymer are set forth in Table 4, and a GPC chart is shown in Fig. 3. .
T P Ea SRR Fe SRS A Shn I S A By e e (v7v))
indicated_.in Tahle 16. 10 J0450] .[Example M-61 Polymerization
20 o aton s B0 S 1) HH VL ELEr S Example V-3,
__except that the solid catalyst ponent (Y- was replaged by 34.4 -
(3 i T e R G e or e e SR PRI

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
(d, 2H), 2.6-2.4 (m, 2H), 1.6-0.9 (m, 13H); GC-MS: 228 (MS)

(Step 2) synthesis of dimethylmethylene

(3-n-butyvlcyclopentadienyl) (cyclopentadienyi) zirconium

dichleoride (210)

The ligand in an amount of 1.3 g (4.66 mmel} was dissolved
in 60 ml of diethyl ether, and the sclution was cocled to -78°C.
A 1.65 M n-BulLi solution in a volume of 5.7 ml (2.3 mmol) Qas
added thereto dropwise. The temperature was gradually
increased, and the mixture was stirred at 10°C for 3 hours and
was concentrated under reduced pressure. ’I’he concentrate was
guspended 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 irncreased, and the mixture was
stirred at room temperature for 24 hours. The mixture was then

filtered and washed with hexane to remove insolubles. The
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The polymer obtained was dried under vacuum for 10 hours to afford 41.6
g of an ethylene/ 1 -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 measure 20 with respect to a sample of this
polymer are indicated in Table 13.[0451] [Example M-7] [Preparation of
solid catalyst component (Y-3)] 214 A solid catalyst component (Y-3) was
.. synthesized in the same manner as for the solid catalyst component (Y-1)
EILRFRREMAS FPACERCHR T4t PR ATetaRS RECBRFHEHY §R2)dvag s washed
. replaced by the metallocene compound (A4), and the reaction molar ratio
with g%ﬁl%hﬁﬁétaﬁ&c%mé%}rﬂﬁmeﬂa«an ARSI R o HRBHRIPE e
was (A4)/(B1) = 80/20 (molar ratio). After the reaction for 1 hour, Zrwas
and the e ARdH ¥RSSHBENEEaE O BRE - ANSortion T the HRepiheshkdon
the salid catalyst component (Y-3) was sampled and the concentrations
Obt@\fé?&‘ae’f@rﬁ]iﬁéﬁﬁ%rﬂ%’gﬁﬁiﬁﬁ ifQ Z'cthceffatfsh 650.049 mg/mL and
., an_Al_concentration of 3.2 mg/mL. [0452] Polymerization Polymerization
AimG AL PSR BhERTNE SEARY MAAREPEEH 88 EXdmple M-1, except that
the solid catalyst component (Y-1) was_replaced by 30 mg of the solid
(Y & PR SR EmERD BB OPAE DTG SIRATIE] He<Cdridiidet velbui -

for 10 hours to ) L s
The compound was identified by *E-NMR and FD-MS.

[0403]

‘H-NMR (CDCl;, based on TMS): 7.1-5.5 (m, 7H), 3.4 (d,
2H), 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]

Polymerization

A 500 mL glass vessel thoroughiy purged with nitrogen was
charged with 400 mL of purified toluene, and ethylene was passed
through the vessel to saturate the liquid phase and the gas
phase with ethylene. Under the stream of ethylene, the
temperature was increased to 75°C and methylaluminoxane (1.0

mmol in terms of Al) was added. Further, a toluene solution

of the metallocene compound (Al) (0.0005 mmol in terms of 2Zr)

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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afford 80.0 g of an ethylene/1-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. S. [0453] [Example M-8] Polymerization
Polymerization was carried out in the Eame manner as in 215 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 for 10 hours to afford 84.7_g of an
DOMRIEME T -hexeTRCIpOITh e REXHIS50T EPE BRANER AT Bréfé ks th
.~ of the polymer are set forth in Table 5. [0454] [Example M-9]
N IBRArdtion of solid catalyst component (Y-4)] 10 A solid catalyst
component (Y-4) was synthesized in the same manner as for the solid
4 alyst component (Y-1) in Example M-I, except that the metallocene
compound A2gwas replaced by the metallocene compound (M), and the
[Ex3mRdifR Mofar r&tid of e metallocene compound (A6) and the
metallocene compound 15 (B1) was éTA4g/(Bl) = 70/30 (molar ratio). After
T R e e s Rl R
' portion of the heptane slurry of the solid catalyst component (Y-4) was
the PRSI AR OTREHISGAS vele o HaF Pk iy s ZEbLaced

concentration of 0.038 mg/mL and gn Al _
by the meta!lQ.Lo_cene corrgpounaé]s a(Az to Al0) in varied amounts.

Results of analysis of the polymers obtained in Examples L-2

f04

to L-10 are set forth in Table 1 together with the results of

- Example L-1.

[0405]
[Example L-11]

Preparation of solid component (8)

Ina 260 L reactor équipped with a stirrer, 10 kg of silica

(810;: average particle diameter: 60 um) that had been dried

at 250°C for 10 hours was suspended in 90.5 L of toluene in

a nitrogen atmosphere. The suspension was cooled to 0 to 5°C.

A toluene solution of methylalumoxane (2.0 mmol/mL in terms
of Al atom) in a veolume of 45.5 L was added dropwise to the.
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 increased to 95 to 100°C in about 1.5 hours,
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20 concentration of 2.1 mg/mL. [0455] Polymerization Polymerization
was carried out in the same manner as in Example M-I, exc.ept that the
solid catalyst component (Y-1) 216 was replaced by the solid catalyst
component (Y-4). The polymer obtajned was dried under vacuum for 10
hours to afford 76.0 g of an ethylené/ 1-hexene copolyme_r. Results of
GPC analysis and properties of the polymer are set forth in Table 5 5,

nd a GPC chart is shown in Fig. 6. [0456] [Example M-10] .
andﬁ%%%ﬁf‘a%gnow%e?%ﬁaﬁm@ &l bat iPheGdine rdnmeras in The
10 Example M-9, except that the ethylene gas was replaced by
¢ erﬁ?y%’f%&é’rg&ﬁ@ﬁ@né:ﬂﬁﬁu}é’@ﬁ§ By e gRRbABENtrath: The woldgrTlacant
polymer obtained was dried under vacuum for 10 hours to afford 80.3 g _of
e Sah e%?ﬁ%ﬁ%’? IRSBAE 2bpEHmerTRR Sk 16F CPEanaksisand obtained

roperties of the polymer are set forth 15 in Table 5. [9457] [Example
Wasrh))i"i%?’ KhiHs SRSz AMeS was Eabrddaneivee sdfedtirereto

as in._2Q Example M-3, except that the solid catalyst component (Y-1)
20 BB BP0t doky SPESRBUTEREBRAL B oLuene Slurry

of the solid component (S). A portion of the solid component
was sampled and the cbncentrations were determined, resulting
in a slurry concentration of 96.5 g/L and an Al concentration
of 0.489 mol/L.

[0406]

Preparation of sclid catalyst component (X-1)

A 200 mL glass flask purged with nitrogen was charged'with
50 mL of toluene, and the toluene s}.urr.y of the solid component
(8) (1.0 g in terms of the solid component) was added thereto.
Furthexr, 12.7 mL of a toluene soclution of the metallocene
compound (Al) (0.002 mmol/mL in terms of Zr atofn) was added
dropwise. Reaction was performed at room temperature for 1
hour. 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-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/mL.
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polymer obtained was dried under vacuum for 10 hours to afford 51.6 g of
an ethylene/ 1 -butene copolymer. Results of GPC analysis and
properties of the polymer are set forth in Table 217 5. Properties
measured with respect to a sample hIS polymer are indicated in Table
13. [0458] [Example M-12] 5 [Prep tlon of solid catalyst component
(Y-5)] A solid catalyst component (Y-5) was synthesized in the same
manner as for the solid catalyst component (Y-1) in Example M-1, except
[04%3,[ the reaction molar ratio of the metallocene compound (A2) and the
metal]ocene compound (BI) was changed 10 from (A2) / (Bl) = 60/40
(A2) / (Bl) = 45/55 (molar ratio) . After the reaction for 1

hour, Z t detected in tant tol A portion of th
hii‘a’aaéiﬁ%ﬁgiﬁuﬁig R IR O N 1Y) WAL R P ERP RS

e e e DL
PI ti PI ti ouyt, th

e B A P e e

ona S0 I o coplot e 9 g e,

raﬁ()n was
of tlrt:).litgg /eth 'S %m{)&g&e él b(‘:'{lctiGec? and 40 mg in terms of the

Pol

solid component of the solid catalyst component (X-1) was added

'to the autoclave. The temperature was increased to 80°C, and

polymefization was performed at 0.78 MPa*G for 90 minutes. The
polymer obtained was dried under vacuum for 10 hours to afford
24.61 g of an ethylene/1~héxene copolymer. Results of GPC
analysis and éroperties of the polymer are set forth in Table
i,

[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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concentration: 7 vol%). The polymer obtained was dried under 218
vacuum for 10 hours to afford 46.7 g of an ethylene/1-butene copolymer.
Results of GPC analysis and properties of the polymer are set forth in
Table S. Properties measured with _respect to a sample of this polymer
are indicated in Table 13. 5 [0460]} xample M-13] Polymerization
Polymerization was carried out in the same manner as in Example M-6,
except that the 1-butene/ethylene mixture gas 10 (1-butene
Exagyntentrafidn: £vo8p)wabasplabed byl iduterslatyleneompduregas x -1 )
(1-butene concentration: 7 vol%) The polymer obtained was dried under
wa s ZeRmferd ohours %o safford 5¢atg birah ethytgred dnhsteng copelymery o)
. Results of GPC analysis and properties of the polymer are set forth in 15
witiy e Bipfoparaus e ssliradiwits edspbct soca Sample okEs Ipalymer ape
are indicated in Table 13. [0461] [Example M-14] [Preparation of solid
anadifgi st BMIIIRIRE TY-B3520 A tbiid pafalyst comnonent( YEGYWASin Table
synthesized in the same manner as for the solid catalyst component (Y-2)
in Example M-4, except-that the metallocene compound (B1) was
replaced by the metallocene compound (B2), and the reaction molar ratio
[04dthe metallocene compound (A3) and the metallocene compound 219

[Example L-21]

Polymerization

A 2 L SUS 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 (1—butené
concentration: 4 vol%), and the inside temperature was adjusted
at 75°C. 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 (X-2) was added to
the autoclave. Polymerization was performed at 0.78 M?a-G and
80°C for 90 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 39.5 g of an
ethylene/l-butene copolymer. Results of GPC analysis and
properties of the polymer are set forth in Table 2.

104217
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- (B2) was (A3)/(B2) = 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 (Y-6) was sampled and the
concentrations were determined, 5£8§ulting in a Zr concentration of 0.036
mg/mL and an Al concentration of 2.3 mg/mL. [0462] Polymerization
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

[Exagphdataiyslcomponent (Y-3). The polymer obtained was dried under
vacuum for 10 hours to afford 74.4 g of an ethylene/1-hexene copolymer.
£ analysis and properties of the polymer are set forth in

Table_15 5. [0463] [Example M-15] [Preparation of solid catalyst )

compoRBRYYZAT A%lﬁ%%t&?&%&fﬁehﬂ?ﬁ?m%@@nﬁ?é% iAthe ™

20 same manner as for the solid catalyst component (Y-2) in Example

ExaLE hoad (AP AR BT ETWES FefiRBRE 5 e X 2)
metallocene compound (B3), and the reaction molar ratio of the, ,

was LeRlREAeEoRfo St (435 3ha 1HE mERIBERFCoibothd (BY) iR ted
(A3)/(B3) = 70/30_(molar ratig). After the reaction 220 _for 1 hour, Zr was

amoypt fefectdtfinihe < p%ﬁir-:ft&ﬁ’tst*éllj‘er‘}%? SR hbRioRTofThe hRPEmeSsGrrd B

the solid catalyst component
propertges of)@he pglymer are set forth in Table 2.

Po

_[0412}

[Example L-23]

Polymerization

Polymerization was performed in the same manner as in
Example L-21, except that the solid catalyst component (X-2)
was replaced by the solid catalyst component (X-4) with a ;\raried
amount of the solid catalyst. Results of GPC analysis and
properties of the polymer are set forth in Table 2.

[0413]
[Example L-24]

Polymerization

Polymerization was performed in the same manner as in
Example L-21, except that the solid catalyst component (X-2)
was replaced by the sclid 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]
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(Y-7) was sampled and the concentrations were determined, resulting 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, %ept 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

[CorpR B gtafemn athytepkelihexgne copolymer. Results of GPC analysis
and properties of the polymer are set forth in Table 6. 15 [0465]

- Pollmsemipte vMi06] [Preparation of solid catalyst component (Y-8)] A solid

catalyst component (Y-8) was synthesized in the same manner as for the

solideatatyst tompboantids2pierbxamele 29 M-Aeexcaptthatthe . o

metallocene compound (Bi) was replaced by the metallocene compoun

Exatga)e Altet thespezetion forakhewe Ziavas neldgiected ip the,sunerpatant, .

toluene. A portion of the heptane slurry of the solid catalyst component
repbagy didsysampledadricbihernonesnisations Were) detegmine, Legidting,in
221 a Zr concentration of 0.034 mg/mL and an Al concentration of 2.
anahitfe. §oubGirBplyntetization the polymer are set forth in Table
3. The metallocene compound (El1) used in Comparative Example
is illustrated below.

El:_dimethylsilylenebis(cyciopentadienyi)zirconium

dichloride

Q Cl |
Zr<
CF ©
o o ’E‘I

[Comparative Example L-2]

[0415]
AN
Si
I

[0416]

Polymerization

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 the amount of the
catalyst was changed. Results of GPC analysis and properties
of the polymer are set forth in Table 3. The metallocene

compound(EZ)used:U1ComparativeExampleisillustratedbelow
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5 Polymerization was carried out in the same manner as in Example M-i,
except that the solid catalyst component (Y-1) was replaced by the solid
catalyst component (Y-8). The pol @.er obtained was dried under vacuum
for 10 hours to afford 75.5 g of an ethylene/ 1-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)] 15
A Sdlit CRRGSTEOhTIonetf 2eR) ek SyidsIZed AR &HAE Hiahnet as
. for the solid catalyst component (Y-2) in Example M-4, except that the
21T GRRIIBCEAS LIMPOERd (BI) was replaced by the metallocene compound
BS), and the reaction molar ratio of the metallocene compound (A3) and
[041h& metallocene compound 20 (B5) was (A3)/(B5) = 55/45 (molar ratio).
After the reaction for 1 hour, Zr was not detected in the supernatant
tolueAB2UA portion of the heptane slurry of the solid catalyst component

Yk [0468§ olymerization Polymerization was carried out in the
ame manner-as in 5 Example M-1, except that the solid catalyst

/S ompon IZ?({-l) was replaced by the solid catalyst component (Y-9). The
@ a |

nBu IIIEZ
[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

replaced by a metallocene compound (E3). Results of GPC

analysis and properties of the polymér are set forth in Table
3. The metallocene compound (E3) used in Comparative Example
ig i1ilustrated below.

E3: dimethylsilylenebis(3-tert-butylcyclopentadienyl}
zirconium dichloride

[0419]



polymer obtained was dried under vacuum for 10 hours to afford 113.7 g
of an ethylene/1-hexene copolymer. Results of GPC analysis and
properties of the polymer are set foﬂﬂ in Table 10 6. [0469] [Example
M-18] [Preparation of solid catalyst component (Y-10)] A solid catalyst
component (Y-9) was synthesized in the 15 same manner as for the solid
catalyst g ponent (Y-2) in Example M-4, except that the metallocene
compou %1) was replaced by the metallocene compound (B6), and
ion molar ratio of the metallocene compound (A3) and the
affeeene compound (B6) was (A3)/(B6) = 55/45 (molar ratio). After the
:@ ( for 1 hour, Zr was not detected in the supernatant toluene. A
elolhe hepg@ye slurry of the solid catalyst component (Y-9) was
g/concentrations were determined, resulting in a Zr

_ .036 mg/mL and an Al concentration of 2.3 mg/mL. 223
merizgthhn Polymerization was carried out in the same manner

mL to 7Q€gsqnd 30 mL. The ppi@ner obtained was dried under vacuum for
L P 344
U dfford 116.0

[0420]
[Comparative Example L-4)

Polymerization

Polymerization was performed in the same manner as in
Example L-3, except that the metallocene compound (Al) was
replace@lnra metalliocene 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
compound(E4)usediJzComparativeExamplejj;illustratedbelow.

E4: dimethyisilylenebis(2,4—dimethylcyclopentadienyl)
zirconium dichloride

[0421]



g of an ethylene/1-hexene copolymer. Results of GPC analysis 10 and
properties of the polymer are set forth in Table 6. [0471] [Example M-19]
[Preparation of solid catalyst compg Bént (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 solid
component) was added thereto. Further, 12.7 mL of a toluene solution of
the metallocene compound (B1) (0.002 mmol/mL in terms of Zr atom)
dropwise. Reaction was performed at room temperature for 1
fter the reaction, the supernatant was removed by decantation.
Be was hed with heptane two times and was slurried into
tzfne slurry (solid catalyst component X "1). A portion of
fiiry of the solid catalyst component (X-11) was sampled
f centra s 224 were determined, resulting in a Zr
; 3 mg/mL and an Al concentration of 1.3 mg/mL.
ation A 1 L SUS autgelgve thoroughly purged with nitrogen was
5 charged with 500 mL of purified heptane, and ethylene was passed
through the autoclave to saturate the liquid phase and the gas phase with
loa ?ybne Further, 10 mL of 1-hexene and 0.375 mmol of
it sobutylalumlnum were added, and 8 mg and 12 mg in terms of the

[Comség%d csirggrc;]ngeor:]te 5( i_?llggc:;agzﬁ\t/g@mponent (X-2) 10 and the solid

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). Results of GPC
analysis and properties of the polymer are set forth in Table
3. The metallocene compound (E5) used in Comparative Example

10 is illustrated Below.
E5: dimethylsilylenebis
(2,3,5~trimethylcyclopentadienyl)zirconium dichloride

[0423]
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((A2)/(B1) molar ratio = 40/60) were added to the autoclave. The
temperature was increased to 80C, and polymerization was performed at
0.78 MPaG for 90 minutes. The pog er obtained was dried under
vacuum for 10 hours to afford 79.7 ‘g of an 15 ethylene/1-hexene
copolymer. Results of GPC analysis and properties of the polymer are set
forth in Table 6. [0472) [Example M-20) Polymerization 20 A1 L SUS
autoclave thefoughly purged with nitrogen was charged with 500 mL of
fed-heptane, and ethylene was passed through the autoclave to
he liquid phase and the gas phase with ethylene. Further, 10 mL
gre and 0.375 mmol of triisobutylaluminum were added, and 5
mg a@d 15,mghin s 225 of the solid component of the solid catalyst
ponent ¥X-3)/ drid the solid catalyst component (X-11), respectively,
((@B/(Bl) m&%o 25/75) were added to the autoclave. The

! G reased to 80C, and polymerization was 5 performed
at 0.78-MP for"90 minutes. The polymer obtained was dried under

n gt 10 hours to afford 48.7 g of an ethylene/ 1-hexene copolymer.
(5PC analysis arfd Hyroperties of the polymer are set forth in

6 ] 10 [Example M-21] [Preparation of solid catalyst
component (Y-11)] A 200 mL glass flask purged with nitrogen was

charged with
10424}

[Comparative Example L-6]

Preparation of solid catalyst component (EX-1)

Asolidcatalystcomponent(Exwl)waspreparedﬁjlthesame
manner as for the solid catalyst component (X—l) in Example
L-11, except that the metallocene cdmpound (Al) was replaced
by the metallocene coméound (E1) .

[0D425]

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 comp§nent (EX-1) with a
varied amount of the solid catalyst. Results of GPC analysis
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)




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 added
thereto. Further, 5.6 mL of a toluengoiolution of the metallocene
compound (dimethylsilylene
(cyclopentadienyl)(3-n-propylcyclopentadienyl)zirconium dichloride (A2))
(0.002 mmol/mL_in terms of Zr atom%a d7.1 mL of a toluene solution of -
theEREHORBAE EEFPOURBRER T 16 00220 it i lerkieear PPaBAg o0
.. were added dropwise as a mixture Z)I%BI molfr ratio = 44/56%.
1N tRE. &R WA %rﬁ%dfﬁrro#:‘r‘?t Agé (TR Hour RGBT (X-1)

reaction for 1 hour, Zr was not detected in the supernatant toluene, The
Bt te PR BB By e ARG P Rl R SAh e 296w

with heptane two times and was slurried intq 50 mL of a heptane _slurry
D G RARdeOEoIROACICF a5 PRABTARNFof Brapbmrben Slfya
t (YP-11)] The hept I f id catalyst, t
5 mecqLIBARES S BEBIANS 108, DO b SHERM oh i GERE D0 G E Lo
diisobutylalumi dl{uI dride (DIBAI-H) and 0.13 mL of 1-hexene were
are afd%% S%ﬁg}:ﬁfg% '%gn' of 1-hexene, the supply of ethylene was
initiated. The solid_catalyst component was polymerized with.a three-fold
welghi oP Sty IR e AN S A0 ACTNG L ERBRAR o KB A
r04 th%ﬁnperature of 35C (prepolymerization) . The supernatant was removed

decantation. The solid catalyst component was washed with heptane
hree times and was slurried into 50 mL of a heptane slurry.

in E

3)\ Ci
/
| Zr
& O e
| unuEBI
10 [0428] '
E7: bis(n—butylcyclopeatadienyl)zirconium dichloride
[0429]
lqEBLLH\K::i:>
Ei\ /G!
O Z
nBu

f.
i

zs ="

[C430]

15 Polymerization
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15 [0474] Subsequently, 10 mg of Chemistat 2500A(manufactured by
Sanyo Chemical Industries, Ltd.) was added to the slurry, and the
Chemistat 2500 was reacted with the grepolymerized catalyst component
by keeping the temperature in the s§/ em at 34 to 20 36C for 1 hour. The
supernatant was removed by decantation. The prepolymerized catalyst
component was washed with hexane three times. [0475] The hexane
slurrf wasteanisferrédto aald 0ok fhasseSchienk 227 Jlask, apdhexans.
was distilled away'under reduced pressure at 25C. Thus, 4.0 g of a
Exgmppelymetizedecatalpst cdraponerd £6R-1d) seasaRfanedayhichwas (x-1)
polymerized with 3 g of the polymer per 1 g of the solid catalyst
wa scarhporrere db 34 7681 e priep atyrperizeskcalalisbeRmpaNeRi{ YR-11) was - )
~analyzed for composition and was found to contain 0.50 mg of Zr atom
witeyagisidrrsolicteataty sheompbnantal0417ls 40 Palymerizatign analysis
Polymerization was carried out in the same manner as in Example M-1,
of Eheemiiamae solith catalyst com e C4-1) veagrepiaaedkby the ¢ o 1,o15
prepolymerized catalyst component (YP-11). The polymer obtained was
aredied Gradhyvaoulmplor 1bgerstie 4% affard B4 34AN&% in comparative
ethylene/1-hexene copolymer. Results of GPC analysis and properties of

Exafpelsolfameér are set forth in

[0431]

The results of Examples and Comparative Examples show
that the bridged metailocene compounds (the components (A))
according to the invention can afford polymers having a lower
molecular weight and a larger number of terminal vinyl bonds
with higher catalytic activity than the conventional symmetric
metallocene compounds.

(2) QOlefin polymerization processes using olefin

- polymerization catalysts (b)

[Synthetic Example 11]
A compound (B1) represented by the following formula was
synthesized by a method described in JP-A-H04-65394.

[0432]



Table 6. [0478] [Example M-22] 20 [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 mol&®fatio of the metallocene compound
(A2) and the metallocene compound (Bl) 228 was changed from (A2)
/(B1) = 44/56 (molar ratio) to (A2)/(Bl) = 47/53 (molar ratio) After the

r, Zr was not detected in the supernatant toluene. [0479]

atalystscomponent (YP-11) in Example M-21, except

mponent (Y-11) was replaced by the solid

-12). The prepolymerized catalyst component
for composition and was found to contain 0.50 mg
catalyst component. [0480] Polymerization
_ garrieq out in the same manner as in Example
M-1\exceft that the_sdfid catalyst'cor ent (Y-1) was replaced by the
solid catalyst component (YP-12). The polymer obtained was dried under

vacuum for 10 hours to afford
[0433]

[Synthetic Example 121
A compound (B2} represented by the following formula was
5 synthesized by a method described im EP351382.

[0434]

saafd

[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]



81.9 g of an ethylene/1-hexene copolymer. Results of GPC 20 analysis
and properties of the polymer are set forth in Table 7.[0481] [Example
M-23] [Preparation of solid catalyst component (Y-13)] 229 A solid
catalyst component (Y-13) was syr%%sized 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 gaction 5 molar ratio of the metallocene compound (A3)
and the ry ene compound (BI) was (A3)/(Bi) = 37/63 (molar ratio).
After the on for 1 hour, Zr was not detected in the supernatant
toluene 2\ 10 [P¢gparation of prepolymerized catalyst component

st component (YP-13) was prepared.in the same
lymerized catalyst component (YP-11) in

“that the solid catalyst component (Y-11) was

talyst component 15 (Y-13). The prepolymerized

-13) was analyzed for composition and was found

r atom per 1 g of the solid catalyst component.

20 Polymerization was carried out in the same

Mhanner as in

[0437]
[Synthetic Example 14]

A compound (B4) represented by the following formula was

5 synthesized by a method described in EPS55305.

[0438]

wsufpd g

[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]



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/1-hexene copolymer. Restiis of GPC 230 analysis and
properties of the polymer are set forth in Table 7.[0484] [Example M-24]
5 [Preparation of solid catalyst component (Y-I4)] A solid catalyst
component (¥=t#4) was synthesized in the same manner as for the solid
: t (Y-13) in Example M-23, except that the reaction
% metallocene compound (A3) and the metallocene

D wag=ehanged from (A3) (BI) = 37/63 (molar ratio) to

ratio). After the reaction for 1 hour, Zr was not
rﬁ@nt toluene. [0485] [Preparation of

-(YP-14) was 20 analyzed for composition and was found to contain 0.50
[044/mY of Zr atom per 1 g of the solid catalyst component. [0486]

[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 mL glass £lask 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
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Polymerization Polymerization was carried out in the same manner as in
231 Example M-1, except 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 ho#&to afford 80.3 g of an ethylene/
1-hexene copolymer. Results of GPC 5 analysis and properties of t_he
polymer are set forth in Table 7.[0487] [Example M-25] [Preparation of

L-13otid saadljstCarhpoeent (Y-FR) dReA solid catalysEcamponest &Y skS)ut 1 on
was synthesized in the same manner as for the solid catalyst component

of tnd3nit Exkoyse#-28rexoepd thad thie teaelion Tyalanktio of the
metallocene compound (A3) and the metallocene compound (Bi) was

(cy chapgadt: Adriei@B)/(BD qﬁ?ﬁa&wmwéa&@éa@aﬂ%@ z14%%% {mglar

_ratio) After the reaction for 1 hour, Zr was not detected in the supernatant

dichdleerisid0482]) [Prépatstmnmofqirgpalymerizedeatalystaonporgntang 5.1
(YP-15)] A solid catalyst component (YP-15) was prepared in the 20 _

mL ofams plarerer aslortheprepotymernized chtalyst cavperReMa(YB131X M. oo2
Example M-21, except that the solid catalyst component (Y-11) was

mmo b piaced bysthasalid catalysteompenent {4<5) dHepienolwBeszadxure
catalyst component (YP-15) was analyzed for composition and was found

({A29 dBtain 0GDangohtic = 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
siurry (solid catalyst component Y-1). A portion of the
heptaneslurryofthesolidcatalystcomponent(Y—l)wassampled
and the concentrations were determined, resulting in a 2Zr
concentration of 0.046 mg/mL and an Al concentration of 2.6
mg/mL.'

[0444]

Polymerization

A 1 L SUS autoclave thoroughly purged with nitrogen was
chargedwithSOOzm;ofpuriﬁiedheptane,andethylenewaspassed
through the autoclave to saturate the liguid phase and the gas
phase with ethylene. Thereafter, 10 mL of l-hexene and 0.375
mmol of triisobutylaluminum were added, and 20 mg in terms of

the solid component of the solid catalyst compornent (Y-1) was



10

15

20

232 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-I, except that the solid catalyst component (Y-1) was
replaced by the solid catalyst compdfent (YP-15). The polymer obtained
was dried under vacuum for 10 hours to afford 94.1 g of an
ethylene/1-hexene copolymer. Results of GPC analysis and properties of
addetfiec potymes are sébfoeth inTiablectp & 04903 (B@rimlera2e]d to 80°C,
[Preparation of solid catalyst component (Y-16)] A solid catalyst
and pohporent(tiénwes syrndsizeckih dte 015/SaMeamanieragfonimaites .
solid catalyst component (Y-13) in Example M-23, except that the
The neatoremaiartratioef thes snetaliecknenctempotain(hs) &od the hours to
metallocene compound (B1) was changed from (M) (BI) = 37/63 (molar
affaatoy®. (A)/(B1)an 55145/ (reolay fatioy x&fter thepedotiverfor IRsslZs of
was 20 not detected in the supernatant toluene. [0491] [Preparation of

| GPC prepalymisizeddatetystenhigonent (YR GioAvsudid cardysteonfyonieht 1n

(YP-16) was prepared in the same manner as for the prepolymerized
Tab lcatdlystaooinpossit 28BaprtP-14) shBExample Mix1; except that the solid
catalyst
[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 wmixture gas (hydrogen concentration: 0.1
vol_%) .  The polymer obtained was dried under vacuum for 10 hours
to afford 75.5 g of an ethylene/i-hexene copolymer. Results
of GPC analysis_and properties of the pclymer are set forth
in Tabié 4.

[044¢]
[Example M-3]

Polymerization

A 2 L SUS 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
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component (Y-11) was replaced by 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] Pélymerization 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 prepolymerized catalyst

concempoaenicY P4 6k 1Ehe potyineti © itainegavessbiedndes AR it eq
10 hours to afford 63.6 g of an ethylene/ 1 -hexene copolymer. Results of

at GPTanalysiseanchpropesties efthepolymerare segiosth in . Tablgo 150 £
[Example M-27] [Preparation of prepolymerized catalyst component
trif¥RUT}y Agirepdlymerizad cathlyst eemponent(¥ R4 Davasrseparedsin i q
the same manner as for the prepolymerized catalyst component (YP-11)
comppoBearnplefMeRE, excepdi that tha aaountebthesahenistaty2q,2500 M@sa to
increased from 10 mg to 40 mg. The prepolymerized catalyst component
the (¥ReU8) uas analyzbgierdompdsitonanc vescersd @contain QB0 -Mhng
of Zr atom per 1 g of the solid catalyst component. [0493] 234
80 ° PofywmeizatoirRalymerizatien waskaried Dut WLERSRNMEe MANNEE A8 ent
Example M-1, except that the solid catalyst component (Y-1)
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
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]
[Preparation of scolid catalyst component (Y-2)]
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 so0lid component) prepared in Example
L-11 was added thereto. Further, 7.6 wml of a toluene solution
of the metallocene compound (dimethylsilylene
(cyclopentadienyl) (3-n-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 (B1l) (0.002

mmol/mL in terms of Zr atom) were added dropwise as a mixture
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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/ 1 -hexene copolymer. Results of GPC analysis 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
(B R B EASR ComSshent (SPETS AP e Cafee ac

- component) prepared in Example 15 L -11 was added thereto, Further, 5.3
<o L TR AE St oV morBacene RimpBa (TeTSISIpIGHE L

~ (cyclopentadienyl)(3-n-propylcyclopentadienyl)zirconium dichloride (A2))

ar %%Oﬁoﬁn%?mg%g@rrﬁg o% ya?o 5&59%’%&8#??&%%g%fﬁtion of
the metallocene compo d}}B-l& 20(0,002 mm lth in terms of Zr ato 4
SUD S ER el BToPAINE 28 & hARGFE (RSl mAIdF a5 L A8 B TasHS

temperature. After the dro %{vise addjtion, the temggr?‘téjre wa incileased

withNEBEARR BN WAS PEHEIIETaf 7ROE 5T HotirS. TheTeaRtioh Brodiets
v e M hepane o s spc v e i 5 s oo
oot es pedeerodls s peraapiohere, 09512 sanpics
and the concentrations were determined, resulting in a Zr
concentration of 0¢.034 mg/mL and an Al concentration of 2.1
mg/mL.

[0448]

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 lS-mg of the solid catalyst component (¥Y-2).
The polymer obtained was dried under vacuum for 10 houfs to
afford 60.2 g of an ethylene/l-hexene copolymer. Results of
GPC analysis and properties of the poclymer are set forth in
Tabkle 4, and a GPC chart is shown in Fig . 2. Properties measured
with respect to a sample of this polymer are indicated in Table
16.

[0449]

[Example M-5]

Polymerization
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The heptane slurry of the solid catalyst component (Y-18) was cooled to
10C. Under a stream of nitrogen, 10 mg of Chemistat 2500 was added,
and reaction was performed for 5 minutes. Subsequently, 2.0mmolof
diisobutylaluminum hydride 10 (DiBAI-H) and 0.13 mL of 1-hexene were
added in this order. After the addition of 1-hexene, the supply of ethylene
was _initiated. The solid catalyst component was polymerized with a
thre @ SHUMHRES Ry 6 el 36 thet Soli@ calty Sapempenaaraes in
temperature of 35C (prepolymerization) . The 15 supernatant was
Exa\‘@?rﬁ‘?/eﬁb‘%ﬂdé’@é?ﬁﬁﬂbn‘?lﬁ% ol catansteesmpafeavas wadratkditiry
heptane three times and was slurried into 50 mL of a heptane slurry.
hy dB3g87< Sidhet Rty THEF 6 CREMISITDPBas aagEnfrteion : 0. 05
slurry, and the Chemistat 2500 was reacted with the prepolymerized '
Vo l&italys?@&rﬁ’ﬁ’&ﬁé‘i‘ﬁlbﬁkééﬁiﬁ@@hﬁéﬁérﬁﬁé{%ﬁj@%méwmmgﬂh fohours
36C for 1 hour. The supernatant was removed by decantation. The
O Blehohfnertzel Satly R oRfibrERR SVds RadfEWRAPRXERE threcRirAes. t 5
236_[0497] The hexane slurry was transferred to a 100 mL glass Schlenk
of {rE& ahaheshRe W MSARRIAIAP uRderteauBsd presuAT &t 85€. forth

Thus, 4.0 g of a_prepolymerized catalyst component 5 (YP-18) was

in FpRiredwhithdvds FSlfmeRaad with Fevhel PoRjiter per | Portherties

solid catalyst component. [0498] _
measured with respect to a sample of this polymer are indicated

in Table 16.
{0450]

[Example M-6]

~Polymerization

Polymerization was carried out in the same manner as in
Example M-3, except that the solid catalyst component ({(Y-1)

was replaced by 34.4 mg of the solid catalyst component (¥-23).

‘The polymer obtained was dried under vacuum for 10 hours to

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 éhaxt _:E.S shown in Fig. 4. Properties measured
with respect to a sample of this polymer are indicated in Table
13.

[0451]

[Example M-7]

[Preparation of solid catalyst component (¥Y-3)]
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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. [049 olymerization 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 prepolymerized catalyst

component (YP-18). The polymer obtaLned as dried under v.acugmf

1G5 &ROrR-E622 BRSNS 1 e EnE CBpal et SRostits o

esults

: of GPC analysis and propertjes of the polymer are set forth in .Table 8.
=2 R00) TE A0 58] 1B A9 b SOTE Aot domohant-= o1

(Y-lQéIQ solid catalgst com rient (Y-19) was s n&heéi%%d Lpatge %%?e ed
M-1) mEHREPLs fot e 5B @3@%35 R6MPon&RTEH=I8) in EXampte M-28,
except that the reaction molar. ra}tio ?f the {gk&llocenetcom ou da@? io
by thE RS TARTEISE CORPBARAEH WA ohated TAG A3 sl 2 4 58k
glmolar ratjq) to a reaction mo%]ar ratio of the etallggegﬁicorg ouggréAZLnd
Of e Hes A aRRRn S BBRTRINIED BRODNB DS S0y S 2B
After the reaction forlgo r, Zr was not detected in_the supernatant .,
(B AR Pt SR o BIELBR It cotdh o Shr e Qb cedon
for'q¢3%%4, Zr was not detected in the supernatant toluene.
A portion of the heptane slurry of the solid catalyst component
(Y—Bf was sampled and the conéentrations were determined,
resulting in a Zr concentration of 0.049% mg/mL and an Al

concentration of 3.2 mg/mlL.

- [0452]

Polymerization

Polymerization was carried out in the same manner as in
Example M-1, except that the solid catalyst component (Y-1)
was replaced 5y 30 mg of the solid catalyst component (¥Y-3).
The polymer obtained was dried under vacuum for 10 hours to
afford 80.0 g of an ethylene/l-hexene copoclymer. Regults of
GPC analysis and properties of the polymer are set forth in
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
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10 A solid catalyst component (YP-19) was prepared in the same 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 prépolymerized catalyst component

(YP-19) was 15 analyzed for composition and was found to contain 0.50

mg of Zr atom per 1 g of the solid catalyst component. [0502]

Exahglymerizatjor-Ralyperization-was capripd.out in the %@Ee&%ﬁ”aeéé‘é L

-T) was

20 Example M-1, except that the solid catalyst component (Y

 hyaeplpseddunipesaldpaialisicomronen; @R 9) Th pameroainey

was dried under vacuum for 10 hours to afford 75.9 g of an

volethyleneid Bexgnreconsly Tl cBealisi0h GRG ANAlYS! erties of
the polymer are set forth in Ta%le 238 8.1[0503ﬁ§a%§;3%{%ﬂ?§%% MFR8urs

 to Relymelizadion HPelyraerizatiopwas sarried,out in &ekg?%ai mannerasin. o

Example M-1, except that the solid catalyst component (Y-1) was

of Eﬂliﬁ@ﬁﬁ’ah&jrﬁ”tﬁspr@ﬁ@'%ﬁ@?@é@ygfwggi%@é%r%n%%f forth

polymerization temperature was changed from 70C. The polymer
in whtinredswas dried under vacuum for 10 hours 10 to afford 59.1 g of an
ethylene/1-hexene copolymer. Results of GPC analysis and properties of
[o48he} polymer are set forth
[Example M-9]
[Preparation of solid catalyst component (Y-4)]

A solid catalyst component (Y-4) was synthesized in the
séme 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 (A6), and the reaction molar ratio
of the metallocene compound (A6) and the metallocene compound
(B1) was (A4)/(B1l) = 70/30 (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-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.

[0455]

Polymerization

Polymerization was carried out in the same manner as in

Example M-1, except that the solid catalyst component (Y-1)
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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 heptane, and ethylene was passed through the autoclave to
saturate the liquid phase and the géi phase with ethylene. Further, 10 mL
of 1-hexene and 0.375 mmol 20 of triisobutylaluminum were added in this .
order, and 35 mg in terms of the solid catalyst component of the
was prepbineshiZer ERRIVEPESMPEAEALNTL 19 RES RitHer Blited to thee
autoclave. Subsequently, 1.7 mg of Chemistat 2500 was added. The
polymeapeRtdens rebid® th SoeS BIRSOMcHREtoA Waypsote atford
performed at 0.78 MPaG for 90 minutes. The polymer obtained was dried
76 . Ourder i arBuBtBY 16 R (is REAFIIE 2PPYOMBAT ethyi&TI Mt Re P FC
copolymer. Results of GPC analysis and properties of the polymer are set
ana lipahinarb @ BOBUS05IS[DarhpR RRIZPPEIAEEEtlorf PoNMeRzAAdH-©
was carried out in the same manner as in Example M-31, except that 1.7
5, apg of CHRMisteP500 Svasyeprackl I8®y 3 mg of PLURONIC L71
(manufactured by ADEKA CORPORATION) . The polymer obtained was
[045drled under vacuum for 10 hours to afford 52.6 g of an ethylene/ 1
-hexene copolymer. Results of GPC analysis and properties of the

[ExamiifetafePdet forth in

Polymerization

Polymerization was carried out in the same manner as in
Example M-9, except that the ethylene gas.was replaced by
hydrogen/ethylene mixture gas (hydrogen concentration: 0.1
vol%}). Thepoiymazobtainedwasdriedundervacumnfor10hours
to afford 80.3 g of an ethylene/l-hexene copclymer. Results
of GPC analysis and properties of the polymer are set forth
in Table 5.

[0457]
[Example M-111

Polymerization

Polymerization was carried out in the same manner as in
Example M-3, except that the solid catalyst component (Y-1)}
was replaced by the solid catalyst component (Y-4). The
polymer obtained was dried under vacuum for 10 hours to afford
51.6 ¢ of an ethylene/l-butene copolymer. Results of GPC

analysis and properties of the polymer are set forth in Table
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Table 8. 15 [0506] [Comparative Example M-1] [Preparation of solid
catalyst component (EY-1)] A solid catalyst component (EY-1) was
synthesized in the same manner as for the solid catalyst component (Y-2)
in Example 20 M-4, except that théfetallocene compound (A3) was
replaced by the metallocene compound (EI), and the reaction molar ratio
of the metallocene compound (El) and the metallocene compound (B2)
5. wascEH(82y 5 BRROUrwlan [aliny eAfiBLine ERaGionsiar LQY; ZrNAS e
not detected in the supernatant toluene. 240 A portion of the heptane
areslirmgtiof dhe dolichcatatystcamponent (EY-1) was sampled and the
concentrations were determined, resulting in a Zr concentration of 0.037
[04ARYmL and an Al concentration of 2.3 mg/mL. 5 [0507] Polymerization
Polymerization was carried out in the same manner as in Example M-I,
[Exexgdpt tiatithe solid catalyst component (Y-1) was replaced by the solid
catalyst component (EY-1), and the 10 ethylene gas was replaced by
[Prapdrogentethyléne mixidre-gas (Rygrogemeeneanirationsq.45 vol%). The
polymer obtained was dried under vacuum for 10 hours to afford-87.4 g of
an kthylend/ hexanestopalymendiesults-of \CRE-2RNSIB AR, eq in the
properties of the polymer are set forth in Table 9. 15 [0508] -
same manner as for the solid catalyst component (Y-1) in Example

M-1, except that the reaction molar ratio of the metallocene
compound (A2) and the metallocene compound (Bl) was changed

from (A2)/(Bl) = 60/40 (molar ratio) to (A2} /(Bl) = 45/55 (molar

~ratio). After the reaction for 1 hour, 2r was not detected in

the supernatant toluene, A portion of the heptane slurry of
the solid catalyst component (Y-5) 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. |
[0489]

Polymerization

Polymerization was carried out in the same manner as in
Example M-3, except that the solid catélyst component (Y-1)
wag replaced by the solid catalyst component (Y¥Y-5) and the
l-butene/ethylene mixture gas (l-butene concentration: 4 vol%)
was replaced by 1l-butene/ethylene mixture gas {l-butene

concentration: 7 vol%). The polymer obtained was dried under
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The olefin polymerization catalysts according to the present invention, in
comparizon with Comparative Example M-I, were demonstrated to afford
the ethylene polymers claimed in thetgvention 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
va@igmadatgernumber-ef tesmirrad viny| bendsqvitehigh catalytieaslivitbutene
[0509] 241 [Comparative Example M-2] [Preparation of solid catalyst
cop®mpment (k¥s2)] Asalid catalysi-eommpanens fAY ) ayasrayndhesizedine
the same manner as for the solid catalyst component (Y-2) in Example 5
po il £X6eRt thatthedpetallaeenesgarapaundtAdpwas Ieplacré by e with
metallocene compound (ES) , and the reaction molar ratio of the
redpetaiogeng eempawnd fEBhandibe variallaeene campavsd (B2rwbse 13 .
(E5)/(B2) = 35/65 (molar ratio). After the reaction for 1 hour, Zr was not
[ o4detected in the supernatant toluene. 10 A portion of the heptane slurry of
the solid catalyst component (EY-2) was sampled and the concentrations
[ ExWersidetermingd, resulting in a Zr concentration of 0.033 mg/mL and an
Al concentration of 2.1 mg/mL. [0510] 15 Polymerization Polymerization
PolWae eakkedi in the same manner as in Example M-1, except that the
solid catalyst component (Y-1)
Polymerization was carried out in the same manner as in

Example M-6, except that the l—butene/ethyl_ene mixture gas
(1-butene concentration: 4 vol%) .was replaced by
1~butene/ethylene mixture gas (l1-butene concentration: 7 vol%}.
The polymer cbtained was dried under wvacuum for 10 hours to
afford 51.9 g of an ethylene/l-butene copolymer. Results of
GRC analysis and properties of the polymer are set forth in
Table 5. Properties measured with respect to a samp}.e of this
polymer are indicated in Table 13.

[0461]
[Example M-141
[Preparation of solid catalyst component (Y-6)]

A solid catalyst component {(Y-6) was synthesized in the
same manner as 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
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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 under

vacuum for 10 hours to afford 47.9%!8f an ethylene/ 1 -hexene

copolymer. Results of GPC analysis and properties of the polymer are set

forth in Table 9. [0511] 242 The polymer obtained in Comparative
(B2Example My substantially dic nphBaye Iang-ghgin brapches a él‘é d}(% &tion

meet the preferred requirement for the ethylene polymers produce

foraacdding 10 2he PEACasSes @EHeJIRYNtQN. dHis IesHll Wasa hecqus S%fezne

metallocene compounds such as that used in Comparative Example

A phavingrsdFstuenigpeuns081n0t-4he reyglopegiadiepyluings afforded .

polymers having a high molecular weight and a small number of terminal

(¥ -ginyhlondsan85] HhICarmparabue Example Mx3l [Rreparation of solid,

catalyst component (EY-3)] A solid catalyst component (EY-3) was

ressynthesized inther sagedaarnarasior dae golithatalystcorpanent (X+2)

in Example M-4, except that the metallocene compound (A3) was

contepiacen-i2Hy dfe metalipeeng compound (E2), and the reaction molar
ratio of the metallocene compound (E2) and the metallocene compound

[04622) was (E2)/(B2) = 10/90 (molar ratio) . After the reaction for 1 hour, Zr
was not detected in the supernatant toluene. A portion of the heptane

Polgtusnyicfdhe salid catalyst component

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-3). The
pblymer obtained was dried under vacuum for 10 hours to afford
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 of solid catalyst component (¥Y-7)]

A solid catalyst component (Y-7) was synthesized in the
same manner as for the solid catalyst component (Y-2) in Example
M-4, except that the metallocene compound (B1) was replaced
by the metallocene compound (B3), and the reaction molar ratio
of the metallocene compound (A3) and the metallocene compound

(B3) was (A3)/(B3) = 70/30 {molar ratio). After the reaction
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20 (EY-2) was sampled and the concentrations were determined,
resulting in a Zr concentration of 0.030 mg/mL and an Al concentration of
2.4 mg/mL. [0513] Polymerization 243 Polymerization was carried out in
the same manner as in Example M2E&xcept that the solid catalyst
component (Y-1) was replaced by the solid catalyst component (EY-3).
The polymer obtained was dried under vacuum for 10 hours to afford 5

for 77.8gpaf argethytenetbhedenecapalymer. Resudspé GRE sarialysis arde .
properties of the polymer are set forth in Table 9. [0514] [Comparative

A poExample Medi 10=lPreper atiomof walifl catalyst cohpartett¥EY -dfmpsoleht
catalyst component (EY-4) was synthesized in the same manner as for

(Y - thewald satghyjst dompdnehe(edhireExampléod-lyexeegichatthéned,
metallocene compound (A2) was replaced by the metallocene compound

resuBE2) randitheaedctiarvmotartoatia 16mof tie Metdbcrpd tbnipodnd(ERL
and the metallocene compound (B1) was (E2)/(B1) = 30/70 (molar ratio).

conckiterthe teactivh for2l hgumEr was not detected in the supernatant
toluene. A portion of the heptane slurry of the solid catalyst component

[04gE)N-2) 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
Polymghilzation '

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-7). The
polymer obtained 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.

[0465]

[Example M-161

[Preparation of solid catalyst component (Y-8)]

A solid catalyst component (Y-8} was synthesized in the
same manner as for the solid catalyst component (Y-2} in Example
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 supernatant toluene. A portion of
the heptane slurry of the solid catalyst component (Y-8) was

sampled and the concentrations were determined, resulting in
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[0515] Polymerization Polymerization was carried out in the same
manner as in 244 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 4110 hours to afford 91.6 g of an
ethylene/ 1 -hexene copolymer. Results of GPC 5 analysis and properties
of the polymer are set forth in Table 9. [0516] From the comparison with
a ZCorparative ExaomplestMo3 @hd Ml ntbesolef iarpalymedzationeatalysts of
according to the present 10 invention were demonstrated to afford more
2. 3preféméd ethylene polymers (for example, having properties 1 and 2)
than produced with the catalysts used in Comparative Examples M-3 and
[04®64. This result was because the metallocene compounds (the
components A) used in the invention afforded polymers having 15 a lower
Pol ymyetidarodieght and a larger number of terminal vinyl bonds with higher
catalytic activity than the metallocene compound (E2) used in
CorRpanative Bxamiples W48 and-Mi4a/hicht had sulestidert groMpsONBs in
both the cyclopentadienyl rings. [0517] 20 [Preparation of prepolymerized
Examgpiedy st cdmpenentst [Pheparatien ebadlitl caialysteampeneit(¥:20)] (A - 1)
150 L reactor equipped with a stirrer was charged in a nitrogen
was atrapdpterd vioth 5hé LsofitdHienetang e tolepénent (Y-8). The

polymer obtained was dried under vacuum for 10 hours to afford
75.5 g of an ethylene/l-hexene copolymer. Results of GPC
anaiysis and properties of the polymer are set forth in Table
6.
[0467]
[Example M-17]
[Preparation of soclid catalyst component (Y-9)1

A solid catalyst component (Y-9) was synthesized in the
samemannerasforthesolidcatalystcomponent(Y—Z)inExample
M-4, except that the metallocene compound (Bl)}) was replaced
by the metallocene compound (B5), and the reaction molar ratio
of the metéllocene compound (A3) and the metallocene compound
(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-9) was sampled and the concentrations were determined,

resulting in a Zr concentration of 0.034 mg/mlL and an Al



i0

15

20

slurry of the solid component (S) (1265 g in terms of the solid 245
component) prepared in Example L-11 was added thereto. Separately,
5.72 g of the metallocene compoundqA?2) (14.65 mmol in terms of Zr
atom) and 9.00 g of the metallocene compound (B1) (16.52 mmol in
terms of Zr atom) ((A2)/(Bl) molar ratio 5 = 47/53) were placed ina 2 L
con8lAse FaRGI8HINE Niirogepgatmosphere. The compounds were dissolved
in 2.0 L of toluene, and the solution was injected to the above reactor.
[ 04 After the injection, reaction was performed at an inside temperature of 20
to 25C for 1 hour. The supernatant was removed by 10 decantation. The
pol $Rld-eatalysbgomponent obtained was washed with hexane two times,
and hexane was added thereto to a total volume of 50 L, thereby
preparingna Pexane s af thersolidacatalyst gomponatidYmHnlb 18k in
15 [Preparation of prepolymerized catalyst component (YP-20)] The
ExafgXanesiiiryof dag sokidhgatapist camporeri{YadQ)srazeeped i d0.0€-1)
Ethylene was continuously supplied to the system under atmospheric
was PERSSUER-F0f seyeral niayess Duingithe supphipthedamperatare in thee
system was maintained 20 at 10 to 15C. Subsequently, 2.7 mol of
polGHsgbuiyialumingny ydride (DIBALD sad8dmkof lrbexene were afford
added. After the addition of 1-hexene, the supply of ethylene was initiated
113 8% L,82 kolheueangd peepolympEzalinn Wapeaiedout atSADe 876N ¢
system. After 58 minutes from the initiation of 246

analysis and properties of the polymer are set forth in Table

6.

[0469]

[Example M-18]

[Preparation of solid catalyst component (Y-10)]

A solid catalyst component (Y-9) was synthesized in the
same manner as for the solid catalyst component (Y-2) in Example
M-4, except that the metallocene compound {B1l) was replaced
by the metallocene compound (Bé), and the reaction molar ratio
of the metallocene compound (A3} and the metallocene compound
(B6) was (R3)/{B6) = 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 selid catalyst component

(Y-9) 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.
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the prepolymerization, 43.0 mL of 1-hexene was added. Another 43.0 mL
of 1-hexene was added after the passage of 111 minutes. After 153
minutes from the initiation of the prepolymerization, the ethylene supply
was terminated at a total supply of 327 5 g. The 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
[046% L. [0519] Subsequently, a hexane solution of Chemistat 2500 (13.1 10
g) was injected at a temperature in the system of 34 to 36C, and the
Poltefieperatre gvas maintained at 34 to 36C for 1 hour to cause the
Chemistat 2500 to be supported on the prepolymerized catalyst

compengRk Aessupsinaiant was, rergoyed by, degantation. The

_ ! 2 manner as in
prepolymerized catalyst component 15 was washed with hexane four

ExaiipEs. [0520] Bherwaher 251 of theshexape sy ol e, jr?g)éflge”a rized 1,
Oll

catalyst component (5269 g in terms of the prepolymerize Catalyst

wasCepLaeay was transfered I 29 @43,k evapaalyrgauippedwitha o,

stirrer in a nitrogen atmosphere. After’the transfer, the evaporatdr was

polgmastated ilen65 kRpEaahaut 3mheys. Afterthe pressure reached -65

kPaG, the slurry was dried under vacuum for about 4.0 hours "o remove

chahg¥ane ase valatite eempanens of thepregolymerized 247 catalyst .
component. The evaporator was further evacuated to 100 kPaG: or the

obt piefsdr e #eAdeled 0RAG e COHMRUEM o hours to afford 116. 0
g of an ethylene/l1-hexene copolymer. Results of GPC analysis
and properties of the polymer are set forth in Table 6.
[0471]
{Example M-_—:LQ].
[Preparation of solid catalyst component (X-11)]

A 200 mL glass flask purged with nitrogen was charged with
50 mL of toluene, and the toluene slurry of the golid component
(8) {(1.04g in terms of the solid component) was added thereto.
Further, 12.7 mL of a toluene solution of the metallocene
compound (B1l) (0.002 mmol/mL in terms of Zr atom) was added
dropwise. Reaction was performed at room temperature for 1
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 A portion of the heptane slurry of the solid

catalyst component (X-11) was sampled and the concentrations
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was dried under vacuum for 6 hours. Thus, a prepolymerized catalyst
component (ZP-20) was obtained which was polymerized 5 with 3 g of the
polymer per 1 g of the solid catalyst component. [0521] A portion of the
prepolymerized catalyst componeriagas 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
wereCOBONeNHhed 2 kAlexaneg dlurey piacsalideatalysticomponend LE-2E) / mL
was synthesized in the same manner as for the solid catalyst component
and @n20)] excepidhatthereactah ratid ofdiyenl5 metallocene compound (A2)
and the metallocene compound (Bi) was changed from (A2)/(B1) = 47/53 -
PolyimealarzeatiDpto (A2)/(B1l) = 42/58 (molar ratio). [0523] [Preparation of
prepolymerized catalyst component (YP-21)] 20 A prepolymerized
catalstic@ugonenidYPazt) whs obtaihdq instirecssing inanmer asdoethevas
prepolymerized catalyst component (YP-20), except that the solid catalyst
cha reprdpehent X ¥ 26) wes prepiatbeadi dine solid, catalyst-tormparewt f/pRig sed
The prepolymerized catalyst component was analyzed for composition
throtdfh antbwasifound tecontain 056 ey ohZr atope périihg sktledotithe gas
catalyst component. [0524] [Preparation of solid catalyst component
phas®22}h ethylene. Further, 10 mL of i-hexene and 0.375 mmol

of triisobutylaluminum were added, and 8 mg and 12 mg in terms
cf the sclid component of thé golid catalyst component (X-2)
and the solid catalyst component (X-11), respectively,
({A2)/(B1l) molar 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 obtained
was dried under wvacuum for 10 hours to afford 79.7 g of an
ethylene/i-hexene copolymer. Results of GPC analysis and
properties of the polymer are set forth in Table 6.

[0a72]

[Example M-20]

Polymerization

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 mmol

of triisobutylaluminum were added, and 5 mg and 15 mg in terms
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5 A,hexane slurry of a solid catalyst component (Y-22) was synthesized
in the same manner as for the solid catalyst component (Y-20), except
that the reaction ratio of the metallocene compound (A2) and the
metallocene compound (B1) was c#anged from (A2)/(B1) = 47/53 (molar
ratio) to (A2)/(B1) 10 = 39/61 (molar ratio). [0525] [Preparation of
prepolymerized catalyst component (YP-22)] A prepolymerized catalyst

of EXAPLRE @E(%%@ggwgﬁto hiaingd n §%§ f?&gé?%qgr%rti%:%{é%%%%ﬁd (X-3)

prepolymerized catalyst component 1 excep

n R S B e e SandaL sompgnent

(Y-22). The prepolymerized catalyst componen

R O e o & AT S0 Sve.

solid catalyst component. 20 [0 eparation of solid ca gly%

The COBMODELE (V-2 LA Nexape sy phagsalid catalyst %%%%%%%%%g%nwas

was synthesized in the same manner as for the solid ¢a C

per E6ARLLXREN Ihal lhgvelalorens Gaupaund (A2) 249, was eplaged iy

the metallocene compound (A3) , and the reaction rati

was mgtalloceng compaund (A3 and the liﬂag.{ llocgpe %%%ur&da(%) évr?i%e% an

(A3)/(B1) = 45/55 (molar ratio). [0527 reparation o prepolym
ethfABe! CONPADRR! AR P ePRYIETEEY SRAR! COIIPELL ang

YP-23) was obtaine

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-propylcyclopentadienyl) zirconium
dichloride (A2)} (0.002 mmol/mL in terms of Zr atom) and 7.1
mL of a toluene solution of the metallocene compound {Bl) (0.002
mmol/mL in terms of Zr atom) weﬁe added dropwise as a mixture
((A2)/(B1l) molar ratio = 44/56). Reactiocn was rerformed 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
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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 compa&ition 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)) 15 A hexane slurry of a

wi t pSelidhealalystranaperanta2dhwas, syrthesizegts the samefmanigsesne
for the solid catalyst component (Y-23), except that the reaction ratio of

s1urthe metallosena compeornd dhghaes theymetallocene compound (Bi) was
changed from (A3)/(Bl) = 45/55 (molar ratio) to (A3)/(B1) 20 = 40/60

[ prfolanralin). de52e Riepalation & prepalyrpetizesbeaialysheomeenant ) 1
(YP-24)] A prepolymerized catalyst component (YP-24) was obtained in

thersamespeaner asfor-the prepelwnarized satalyss eorapgnant 260(v-11)
(YP-20), except that the solid catalyst component (Y-20) was replaced by

was B8SDHd catalyst-compore £Y 24 Fhempeepohmarzegrcatalyst mmol of
component was analyzed for composition and was found to contain 0.50

dii<gBeef £ Atempesd tolithemolido bratalyst comaponery. 530 1-hexene
[Preparation of solid catalyst component (Y-25)] A 150 L reactor equipped
werdVifhasireryasseharged H3dition of 1-hexene, the supply of
ethylene was initiated. The solid catalyst component was
polymerized with a three-fold weight of ethylene relative to
the solid catalyst component at a temperature of 35°C
.(prepolymerization) . The supernatant was removed by
decantation. The soclid catalyst component waé washed with
heptane three times and was slurried into 50 mL of a heptane
siurry.
[04741]

Subs.equently, 10 mg of Chemistat 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 .iI’l the system at 34 to
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 to a 1l00 mLglass Schlenk
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a nitrogen atmosphere with toluene and the toluene slurry of 10 the solid
component (S) (1575 g in terms of the solid component) prepared in
Example L-Il. The total volume was,adljusted to 33 L. Separately, 3.58 g
of the metallocene compound (A2) (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-2)/(B-1) molar ratio 15 = 24/76) were placed in a 2 L glass

flapglyct6hin LRTBEENVaThSihRkid e cofmpouHtiarereadisssivedireB g Lre
of toluene, and the solution was injected to the above reactor. After the

2t fmetion, TRYEtiort wAshetfor SR yBRE B A eFattRd BE 73008 ent
for 2 hours. The supernatant was removed by 20 decantation. The solid

(YP 2dibly Y R8nfpRhRhPEktalietichaddashed WieT A&ashathide Bmasodnd-he
hexane was added thereto to a total volume of 25 L, thereby preparing a

POLYBeIn®SRirY & tRE sERE BRAjst ORHFoEnt (LoBpqosat] 251
Preparation of prepolymerized catalyst component (YP-25)] The hexane

[04 fsulrry of the solid catalyst component (Y-25) was cooled to 10.8 C. A
hexane solution of Chemistat 2500 (15.9 g) was injected to the reactor,
and 12 REEHH UMIbtRAAURRTGR FSEr O TDmMNY WEPadded was

Fthylene was continuously supplied to the system under atmospheric

analyzediré Sor SBURRF ritiiRs 2B driig thé Suppsly tPeeripeiatufe Mitheg of
system was maintained at 10 to 15C. Subsequently, 103 mL of 1-hexene
Zr %\%/a%”b&f’e‘a hiter te 50Gti6R Of E-HeXERe YihE sEPPRCTESiethylene was

E04+rrlylﬁlated at 1.5 kg/hour and prepolymerization

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-11).
The polymer obtained was dried under vacuum for 10 hours to
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]
{Exam?le M-22]
[Preparation of solid catalyst component (Y-12)]

A solid catalyst component (Y-12) was synthegized in the
same manner as for the solid catalyst component (Y-11) in
Example M-21, except that the reaction molar ratio of the

metallocene compound (A2) and the metallocene compound (B1)



10

15

20

was carried out at 32 to 37C in the system. After 85 minutes from the
initiation of the prepolymerization, 52 mL of 1-hexene was added.
Another 52 mL of 1-hexene was adz d after the passage of 155 minutes.
After 217 minutes from the initiation 15 of the prepolymerization, the
ethylene supply was terminated at a total supply of 4643 g. The
supernatant was removed by decantation. The solid catalyst component
was GRAREhIFAMh (AdkareSfoLr Tirfidd Hhd REXER RAE HORehRdd Ad 3L
total volume of 25 L. 20 [0532] Subsequently, a hexane solution of
= 47 ER@miBat 25083638’ g) WHiRfecteP at §3&hperath FintHe S stefilofvas
34 to 36C,_and the temperature was maintained at 34 to 36C for 2 hours
not (dekRcEtHe Ehehhistat 9BE6RG b8 StippOEEBA the 252 prepolymerized
catalyst component. The supernatant was removed by decantation. The
[047§dbpolymerized catalyst component was washed with hexane four times.
[0533] 5 Thereatfter, 25 L of the hexane slurry of the prepolymerized
[PrepanRsicimpsnSHRIBABEYSH IHRts Gthe FiebofyiTERRER Sblid Eatalyst !
component) was transferred to a 43 L evaporator equipped with a stirrer
in & nft CRBAYITETeC RRBPIHEPFarister, Hfd eYAforiGRAgSe 10 the
evacuated 10 to -68 kPaG in about 60 minutes. After the pressure

same JAERBE T 6P (RO SIRRARSL HHEd LAGS: SAAmY b SBOTPRBTurs

to remove hexane and volatile components of the prepolymerized
(YP-11) in Example M-21, except that the solid catalyst

componeht (Y-11) was replaced by the solid catalyst component
(vy-12). The prepolymerized catalyst component (YP-12) was
analyzed for composition and was found to conﬁain 0.50 mg of
Zr atom pexr 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 (¥-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 ¢opolymer. Results of GPC
analysis and properties of the polymer are set forth in Table
7.

[0481]
[Example M-23]

[Preparation of sgolid catalyst component (Y¥Y-13)]
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catalyst component. The evaporator was further evacuated to -100 kPaG.
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 polymerizéd9with 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 composition and was found to

containo2Q 8. 541G 04t atemmes it of they solid,eatalysteRRPONEAt 1 the
[0534] [Examples M-33 to M-46] Polymerization Ethylene polymers were

samprosned in ad. 63 tuigizedihag 263 gpsphassnobresiizefysing the,
prepolymerized catalyst components (ZP-1 to ZP-6). [0535] The

Exaprepelymerizedssadalyst eeraponent wascontiouausly -3sHpRlicd t@p.tbz was
reactor, and copolymerization was carried out at a total pressure of 2

repwﬁﬁﬂazhyeﬁWkNmHﬁﬁmahagﬁ&ﬂécﬁbbﬁﬂﬂPQA3§gaﬁﬂaeﬁhﬁﬂgggﬁglon

0.8 m/sec in the reactor, and a polymerization temperature of 80C. The

mol gasceamposiliohaestaaintained cngntDy ¢aRINYOUSHHIURRYIN ocene
nitrogen, 10 ethylene, and 1-butene or 1-hexene. The supply amounts of

comtheupdefalynerized (@atalysagmponenisand e gas age describeddn - 10
Tables 10 to 12. The ethylene polymer was continuously withdrawn from
reatielpalyferizer ot waszlfieskis sdying 0BRREISin the supernatant

toluene.

[0482]

[Preparation of prepolymeriged catalyst component (YP-13)]
A gsolid catalyst component (YP-13) was prepared in the

same 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-13). The prepolymerized catalyst component {YP-13) was

analyzed for composition and was found to contain 0.50 mg of

Zr atom per 1 g of ihe solid catalyst component.

[0483]

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-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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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 mixt2@@ was melt-kneaded 20 in a
single-screw 65 mm-diameter extruder (Placo Co., Ltd.) at a preset
temperature of 180C and a screw rotation of 50 rpm and was extruded
analipiPia S#Rado Fbp strand vas pelelizash wilkra suliestocgivespecinensble
The results of properties measurement of the specimens from Examples
7. 33 and34 (comonomer: 254 1-butene) are set forth in Table 13, and the
results of extrusion lamination are shown in Table 14. The results of
{04 garpperties measurement of the specimens from Examples 35 to 46
(comonomer: 1-hexene) are set forth in Table 13, and the results of
[Exas@agrusian-2 lgmination are shown in Table 14. The results of properties
measurement of the specimens from Examples 33 and 34 (comonomer:

[ prebhuteneparessetdonthdn dablesyidcantbhpcanehihe results 1of extrusion
lamination are shown in Table 17. [0537] 10 [Comparative Example M-5]

Pelletsafiethylengid-getbytdopriiane copolymera ohiginet dyisoddidm the
polymerization, purchased from Prime Polymer Co. , Ltd. (ULTZEX

same2G&RdE rWeEe wead aha speTidercior aprppertiesmgyali@tion andi3) in
extrusion lamination. The results 15 are set forth in Tables 18 and 19.
ExanP238M-23, except that the reaction molar ratio of the
metallocene compound (A3) and the metallocene compound (Bl}
was changed from (A3)/(Bl) = 37/63 (molar ratio) to {A3}/(B1}
= 45/55 (molar raﬁio).. Aftef'the reaction for 1 hour, Zr was
not detected in the supernatant toluene, |
[0485]
[Preparation of prepolymerized catalyst component (YP-14}]
A solid 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 solid catalyst
component {Y¥-11) was replaced by the solid catalyst component
(Y-14) . The prepolymerized catalyst component (YP-14) was
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
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Comparative Example N-1 resulted in large neck-in and a smaller MT/r)*
ratio than Examples. [0539] 20 [Comparative Example M-6] Preparation
of solid catalyst component (EY-5) A 114 L reactor equipped with a stirrer
was charged in a nitrogen atmosphk&te 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

Exaf@001¥ mmoknakdp ttepms of Znaterp) was added JrapwiseatA84e 806 1)

over a period of 30 minutes. Reaction was performed at the temperature

was faidp24wsss. ghecsibesatant was sapeved Jhsslidicalast 4) | The
component obtained was washed with hexane two times, and hexane

pol wasradded hesela oA detabyolume of 42 dw thereby Rrenaringsadhexane. rq
slurry of the solid catalyst component (EY-5). [0540] 10 Preparation of

80 . prej2elymsatizediwptalyst component (R¥BS) yihe-hexane shury fthgpc

solid catalyst component (EY-5) was cooled to 5C. Ethylene was

anaTpptiRuauslysHBplad dbe, systes ypdematmaspbesicpressyie. DUANG 1 o
the supply, the temperature in the system was maintained at 10 to 15C.

7. 15 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,

[ 04 ghvgreby initiating prepolymerization. The temperature in the system was
increased to 35C in 1 hour and was thereafter

[Example M-25]

[Preparation of solid catalyst component {Y-15}]

A solid catalyst component‘(YwIS) was synthesized in the
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)/{(B1)
= 49/51 {(molar ratio). After the reaction for 1 hour, Zr was
not detected 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 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-15}. The prepolymerized catalyst component (YP-15) was

analyzed for composition and was found to contain 0.50 mg of
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maintained at 34 to 35C. After 70 minutes from the initiation 20 of the
prepolymerization, 65.3 mL of 1-hexene was added. [0541] After 4 hours
from the initiation of the prepolymerization, the system was purged with
nitrogen and the prepolymerization,yyas terminated. The supernatant was
removed. 256 The catalyst component was washed with hexane four
times. Thus, a prepolymerized catalyst component was obtained which

was polymerized with 3 g of the polymert per. 1 q of the solid catalyst
zr acto?ﬁ})@n t TRerd ft(ita:r},1 e 9en;|'5{;r%)é?gr3rll the sgy%TéJrﬁr@\?aﬁs% increased to
to 35C, and 10 L of a hexane solution of EMULGEN 108

3
[048(8 lyoxyethylene lauryl ether, manufactured by Kao Corporation)
Pol EEMULGEN %oncentration: 1.0 g/L) was added. The system was stirred at
e for 2 hours, and a prepolymerized catalyst component
(EYP-5) was,obtained in 10 WhiCh.EMéJL%E@r\EN $ su %(I)E{éed on the
ff/merlza 0

pre%% gﬁzle%aga%g@sy%sorﬁﬁ‘orn%ah? 8 ion I a congnuous - 0
e

u
fluidized-bed gas-phase. polymerizer, -ethylene and 1-hexene wer _
S R i A D A et S

was t%@égg%[ggf %f ! a%éefil;‘%joﬁ 988 c”ancea?jiég O?%%ﬁégée%ézingh?S ) drieghe

pre ymerized C componen pare ve was
poler%’rWS%€£E§{2 pusly 8%&%&?%%%%@%%&%’@%%9 gf'aoﬂéu%“s”%%t%%ford
polymeriZation, the gas composition was maintained constant 20 by
94 . 1008“3 O%Siwl_y 2%%%'28&} qwﬁg%e]ﬂgeé%%%f%qéolg.e n ﬁre]qsults of GPC
analysis and properties of the polymer are set forth in Table
7.
[0490]
[Example M-26]
[Preparation of solid catalyst component (Y-16)]

A solid catalyst component (Y-16) was synthesized in the

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 (Bl)

was changed from (A3)/(Bl) = 37/63 (molar ratio) to {(A3)/(B1)

= 55/45 (molar ratio}. After ﬁhe reaction for 1 hour, Zr was

not detected in the supernatant toluene.

[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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nitrogen (gas composition: 1-hexene/ethylene = 1.1-1.3 x 10-2, ethylene
concentration = 71.4%). The yield of the ethylene polymer was 5.3
kg/hour. [0542] 257 The ethylene polymer obtained was formulated into
specimens in the same manner as i@fxample 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
riaglted inﬁlgége neck-in and a small MT/g* ratio. The polymer caused

take-up BuFGE SRt GhE ~Zeto-FREF OSSR F(ribf BidSTot e &tEquativh
éE -1&#[ 5{4] 0 [Comparative Example M-7] Pellets of
oM R e/ A5 bt TR RGP SAINEA bDSsRIoR POy ErEaTigRomPonent

urchased from The Dow Chemical Campany (AFFINITY PF1140), were
(v~ {84 ad RepRERRNIGPSFoPER oS BuaiATn CABRERTRS aid Betohn =
Table 18. 15 [0545] Comparative Example M-7 resulted in a small MT/Q{*
a2 135 Ao FBRSH det Rty (T0) G FBE et EUaTaR (B ™9 ©F
Based on these results, the palymer was_assumed to cause large neck-in
zr %Eﬁ"iaﬁ’é*-ﬁpjsﬁgé’.fzotfb%48?%o Farhive EkamPPRES Preparation of

[Oégsgyd component (S2)

(YP

Polymerization

Polymerization was carried ocut 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-16).
The polymer obtained was dried under wvacuum for 10 hours to
afford 63.6 g of an ethylene/l-hexene copolymer. Results of
GPC analysis and properties of the peclymer are set forth in
Table 7.

[Example M-27]
[Preparation of prepolymeriﬁed catalyst component (YP-17)]

.Aprepolymerizedcataiystcomponent(YPu17)wasprepared
in the same manner as for the prepolymerized catalyst‘component
(YP-11) in Example M-21, except that the amount of the Chemistat
2500.was increased from 10 mg to 40 mg. The prepolymerized
catalyst component (YP-17) was analyzed for composition and
was found to contain 0.50.mg of Zr atom per 1 g of the solid
catalyst component.

[0493]
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In a 260 L reactor equipped with a stirrer, 10 kg of silica (SiO2: average
particle diameter: 12 gm) that had been dried 258 at 250C for 10 hours
was suspended in 90.5 L of toluene in a nitrogen atmosphere. The
suspension was cooled to 0 to 5C. oluene solution of
methylalumoxane (3.0 mmol/mL in terms of Al atom) in a volume of 45.5
L was added dropwise to the 5 suspension over a period of 30 minutes.
During the dropwise addition, the temperature in the system was
to 5C. After the dropwise addition, the reaction was
continuously performed at 0 to 5C for 30 minutes. Thereafter, the i
terperXhire WakhAtR a4 (550D ABoitE 5T "EFRRT thE 17
reaction was conducted at 95 to 100C _for 4 hours, The temperature was
Exampdfideted & Sfitbert aid HiEsfiserndtant W fmsitpgrent  (Y-1)
decantation, The_solid component thus_obtained was washed with
was BRRIRYA BhEL SR ?&85%@‘%% 2P irRrets fte aB R GBIme Br 1 7) -
129 L, thereby preparing a toluene slurry 15 of the solid component (S2).
The Apﬁ&ﬁfi’ﬂﬁ%f‘i’%é LORF BoMipBnéit fas BaiFled &MY i EoFcehtraiBHE s t©
were determined, resulting in a slurry concentration of 137.5 g/L and an
2L 2053 AderEioT G & THOAS O] RS0 PReD S RREH BFEdid oRaRAL e Of
component (EY-6) A 114 L reactor equipped wjth a stirrer was charged.in .
GPC 2Rt ogET AuRBSpRIABRATZEE LO6 tbiterBAnG EF 8 176t tRE Tolehie™ 7
slurry of the solid component (S2) (2400 g in terms of the solid
Tab8mbonent) Separately, a 100 L reactor equipped

Pol

[0494]
[Example M-28] ‘
[Preparation of so0lid catalyst component (Y-18)]

A 200 mL glass £lask purged with nitrogeﬁ was charged with
50 mL of toluene, and the toluene slurry of the solid component
(8) (1.0 gin terms of the sol.id component) prepared in Example
L-11 was added thereto. Further, 5.3 mk of a toluene solution
of the metallocene compound (dimethylsilylene
(cyclopentadienyl) (3-n-propylecyclopentadienyl) zirconium -
dichloride (A2)) (0.002 mmol/mL in terms of Zr atom) and 7.4
mL: of a toluene solution of the metallocene 'compound {B-1)
(0.002 mmol/mL in terms of Zr atom) were added dropwise as a
mixture ((A2)/(Bl) molar ratio = 42/58) at room temperature.
After the dropwise addition, the temperature was increased Lo
75°C. Reactionwas performedat 75°C for 2 hours. The reaction

product was washed with heptane two times and was slurried into
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259 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 (EI) (8.25 mmol/L in terms of Zr atom) was added and
subsequently 2.0 L of a toluene solyggn of the 5 metallocene compound .
(B2) (2.17 mmol/L in terms of Zr atom) was added, followed by mixing for
several minutes ((El)/(B2) molar ratio = 95/5). The mixture solution thus
50 prepared was injected to the reactor containing the toluene slurry of the
IBidTonfodifent 289). MHEF he ibfstlioh, rRAaBAdY Wasaomerformediat ba) .
Af inside temperature of 20 to 25C for 1 hour. The supernatant was removed
S5 ettt s dittc Ral U E8mpaRemanus obtafsstbwas dashed he
with hexane three times, and hexane was added thereto to a total volume
SUPSHEET 2 FHfud Od h8R&ne slurry of the solid catalyst component (EY-6) was
‘ 0415 repared. [0548] Preparation of prepolymerized catalyst component
P 6) The hexane slurry of the solid catalyst component (EY-6) was
Ip cooled to 10C. Ethylene was continuously supplied to the 20 system
T IR IR pRENE PRRQLIERF $Be&raf AiFIES TDGmPpene stpply Ath2 8 ) |
temperature in the system was maintained at 10 to 15C. Subsequently,
2.8 Mot SYIHSBBALFARFTHAT ChBAPadd tmlott fexesawete (Y-18)
w added. After the agdition of 1-hexene, the supply of ethylene was initiated
25 af P 28Ky SUrFE0- andBepslyfetizagamwas imtisedaTne rapetué

in,the
Chemistat 2500 was added, and reaction was performed for 5

minutes. Subsequently, 2.0 mmol of diisobutylaluminum hydride

(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 solig catalyst component was polymerized with
a three-fold weight of ethylene relative to the solid catalyst
component at a temperature of 35°(C (prepolymerization). The
supernatant was removed by decarntation. The solid catalyst
component was washed with heptane three times and was slurried
into 50 mL of a heptane slurxry.

[0496]

Subseqguently, 40 mg of Chemistat 25060 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 36°C for 1 hour. The supernatant was

removed by decantation. Theprepolymerizedcatalystcomponent

was washed with hexane three times.
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system was increased to 24C in 40 minutes after the initiation of the
prepolymerization, and was thereafter maintained at 24 to 26C. After 70
minutes from the initiation of the 5 prepolymerization, 79.0mL of 1-hexene
was added. Another 79.0 mL of 1-hgxene 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
[049\/\56}5 purged with nitrogen, and the prepolymerization was terminated. The
supernatant was removed by decantation. The prepolymerized catalyst
companent uas BASHeY W XANEIY Hbes.ANd GIPONINAIIERd,) eny:
ca{g y%rthc%}rﬁono%gnt P-6) was o Fa?fne which was polyr%erized with =n
flas%-‘:87. gno t %leﬁf{an %aog rd&é%igl %tgea% Cé}?&é%? CPE@P@&@-;&%%@&e
portion of the prepolymerized catalyst component was dried and ‘analyzed
at ;{E%Eompa?ﬁﬁ'é]?” W SJ?“Q%B(‘)%%%%%Q&%@& UL AN PG Hent

e solid catalyst component. erization An ethylehe polymer was

(Ypfggquwsi“o%%%q SPMRlete, S é@%@?@%@?‘&@&”ﬁ% reagtar HIsinge

e prepolymerized catalyst component ( ). [0551] 261 Tothe

po 1" f&aﬂfnéa%kf tbele were corinueyoly supBligthagiyent hexane at

L/hour, the prepolymerized catalyst component at 0.32 mmol/hour in
{04§%rfns of Zr atom,

The prepolymerized catalyst component {Yp-18) was
analyzed for composition and was found to contain 0.50 mg of
Zzr 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)
was replaced by the prepolymerized 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.

{05001
[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 (Y-18) in
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triisobutylaluminum at 20.0 mmol/hour, ethylene at 8.0 kg/hour 5 and
1-hexene at 700 g/hour. At the same time, the polymer slurry was
continuously discharged from the polymerization tank such that the
volume of the solvent in the polymeargation tank was constant. The
polymerization was carried out at a total pressure of 0.8 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
Examnd fod! 16 & fIRREEM Whefe theasercetiyisnawbssubstantiatf the
removed. The hexane in the polymer slurry was removed with a solvent
me t I R5RNF apREIRAE AndhBe résidus e alliboteaorbapethyients1 )
polymer at 5.6 kg/hour. [0552] The ethylene polymer obtained was
vasighanged iftPBpRRINéiSin the $aieBminadrasia Ekainple M-32akhei on
specimens were used for properties evaluation and extrusion lamination.
molag ¥k icsakstiie setmithas TelesnBad $AQS 53 Oumpasitvtlocene
Example M-8 resulted in a low molecular weight at the maximum weight
COmMBARRSh (Fak B MP# théBmblecddrT6ighndisaibutioh tuhve byfERE, the
and the heat seal 262 strength was low compared to Examples. [0554]
reapdgiBartive ExAfible MO3WRS efiyferisiteehetobolyrier eapernatant

produced in the same 5 manner as in Example M-37.
toluene.

[0501]

[Preparation of prepolymerized catalyst component (YP-19)]
A solid catalyst component (YP-13) was prepared in the

same mannef as for the prepolymerized catalyst component

(YP-11} in Example M-21, except that the solid catalyst

component (Y¥Y-11i) was replaced'by the solid catalyst component

(¥Y-198}. The prepolymerized catalyst component (YP-19) was

analyzed for composition and was fdund to contain 0.50 mg of

Zr atom per 1 g of the solid catalyst component.

[0502]

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 compeonent {(YP-19). The
polymer obtained was dried under vacuum for 10 hours to afford
75.9 g of an ethylene/l-hexene copolymer. Results of GPRC

analysis and properties of the polymer are set forth in Table



10

15

20

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. 10 [0555] [Compagative Example M-10] Pellets of
polyethylene obtained by high-pressure radical polymerization, purchased
from Prime Polymer Co., Ltd. (MIRASON 11) , were used as a specimen
8 for properties evaluation 15 and extrusion lamination. The results are set
* forth in Tables 18 and 19. [0556] Comparative Example N-2 resulted in
or 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., [Q557] [Comparative Example M-11] Preparation of solid
[Exaéna?g%stﬁcoz’rr%gonent (EY-7) A 200 mL glass flask purged with nitrogen was
Pol chggedawétg ﬁ63 100 mL of toluene and the content was stirred. Further,
rry of the solid component (S) (2.0 g in terms of the solid
co nent ret thermor :
o R Kb G a0 == 1o

Exam?eﬁr‘%'r/g} in ISEEE%SEZEE?E“H{%S 19 ¢4 @8‘8‘9.’&?55988%%%}’{@&: (Y-1)

ed at room temperature for our. The's pernatant was removed
was @éﬁ%%¥E%UBQJIHS prepolymerized catalyst component {(YP-11)

[05

and the polymerizaticn temperature was changed from 80°C ﬁo
70°C. The polymer obtained was dried.under vacuum :for 10 hours
to afford 59.1 g of an ethylene/l-hexene copolymer. Results
of GPC analysis and properties of the polymer are set forth

in Table 8.

[0504]

[Example M-31]

Polymerization

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 liquid phase and the gas
phase with ethylene. Further, 10 mL of i-hexene and 0.375 mmol
of triisobutylaluminum were added in this ofder, and 35 mg in
terms of the solid catalyst component of the prepolymerized
catalyst component {(YP-19) was further added to the autoclave.
Subsequently, 1.7 mg of Chemistat 2500 was added. The

temperature was increased to 80°C, and polymerization was
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residue was washed with decane two times 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 concentraﬁgﬂ of 2.49 mg/mL. Polymerization 15
A 1 L SUS autoclave thoroughly purged with nitrogen was charged with
500 mL of purified heptane, and ethylene was passed through the
rerfistgtlavedtd atatsithe ligdidphasenand thesgas RhaseoWih SIYIBRE 4 neg
Further, the system was purged with hydrogen/ethylene mixture gas
wa s(hydficgeruesheentrationind. 56 200 %dudebseguetbo 1@ b 0§ ¢ of an
1-hexene and 0.375 mmol of triisobutylaluminum were added in this
et hottlencafic-0 S oktheosalid eatalyst RempPaentHE z BrwWas adged L0 1hes
autoclave. The temperature was increased to 80C, and polymerization
propastperforafed-ate). 78 M6 fordOsainutes: The folyraenebtgined 264
was dried under vacuum for 10 hours'to afford 86.7 g of an ethylene
[6586lymer. [0558] The ethylene polymer obtained was formulated into 5
specimens in the same manner as in Example M-1. The specimens were
[Exgaed forlprapérties evaluation. The results are set forth in Table 18.
[0559] Comparative Example M-11 resulted in a small MT/r]* ratio,
Polymerization

Polymerization was carried out in the same manner ag in
Example M-31, except that 1.7 mg of Chemistat 2500 was reélaced
by 3.3 mg of PLURONIC L71 (manufactured.byxADEKA.CORPORATION).
The polymer obtained was dried under vacuum for 10 hours to
afford 52.6 g of an ethylene/l-hexene copolymer. Results of
GPC analysis and properties of the polymer are set forth in
Table 8,

[0506]
[{Comparative Example M-1]
[Preparation of solid catalyst component (EY-1)]

A solid catalyst component (EY-1) was synthesized in the
same manne-r as for the solid catalyst component (Y-2) in Example
M-4, except that the metallocene compound (A3) was replaced

by the metallocene compound (E1l), and the reaction molar ratio

of the metallocene compound (El) and the metallocene compound

(B2) was (E1)/(B2) = 80/20 (molar ratio). After the reaction

for 1 hour, Zr was not detected in the supernatant toluene.
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10 and the zero-shear viscosity (T)o) did not meet Equation (Eg-1) .
Based on these results, the polymer was assumed to cause large neck-in
and take-up surge. [0560] [Comparative Example M-12] 15 [Preparation
of solid catalyst component (EY-8)] A solid catalyst component (EY-8) was
prepared in the same manner as tf the solid catalyst component (EY-6)
in Comparative Example M-8, except that the reaction molar ratio of the
metallocene compound (El) and the metallocene compound (B2) 20 was
A pogkage® FSRIERIARe o8I e ST toF 15 PRAREDT E2 BEA GaBRenent
ratio). [0561] [Preparation of prepolymerized catalyst component (EYP-8)]
(EY Fhle Me8rASIan G &f Afs SR AQYSEBMBSIER TE Yo8) 263 Wk thdfsty
to 10C. Ethylene was continuously supplied to the system under
resugkinbahdfic BressurCRT SBY&AFAFUERS. Bufiy thg SThpip fhedn Al
temperature in the system was maintained at 10 to 15C. Subsequently,
conces wd ot BseButylafuMBdMtand 5 80 mL of 1-hexene were added. After
the addition of 1-hexene, the supply of ethylene was initiated at 1.8
[05qEIhour and prepolymerization was initiated. The temperature in the
system reached 24C in 25 minutes after the initiation of the
ization. The temperature in the system was 10 thereafter
maintained at 24 to 26C. After 35 minutes from the initiation of the

preBhSHiBR 195 04RE GFATFRhERas e the same mammer as in

Pol

Example M-1, except that the solid catalyst component (¥-1)

was replaced by the solid catalyst component {(EY-1), and the
ethylene gas was replaced by hydfogen/ethylene mixture gas
(hydrogen concentration: 0.45 vol%). The polymer obtained was
dried under vacuum for 10 hours to afford®87.4 g of aﬁ
ethylene/l1-hexene copolymer. Results of.GPC analysis and
propertiés of the polymer are set forth in Tabkle 9.

[c508]

The clefin polymerization catalysts according to the
preseﬁt invention, in comparizon with Comparative Example M-1,
were demonstrated to afford the ethylene pclymers claimed in
the invention with high productivity. This result was because
tﬁe 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
activitcy.

[0508]
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added. Another 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 terminag&the prepolymerization. The
supernatant was removed by decantation. The prepolymerized catalyst
component was washed with hexane 20 four times. Thus, a
repolymerized catalyst component (EYP-8) was obtained which was
{Coﬁagﬁ%ﬁ}é’&’ WitPXB3 % 8t hé polymer per 1 g of the solid catalyst
o corgggonent. A portion of the Ere olymerized catalyst component was
[PTER&T &hd ARaRzed 9dr SompbatiBs andWRORERE td EbntaiA 0.72 mg of
Zr atom per 266 1 g of the solid catalyst component. [Polymerization] An -
ethylefig %ﬁeﬁéﬁégé{ﬁayﬁ%%geﬁr%d%%a%ﬁ tHe BafH@ tThafderas i the
Comparative Example M-8, except that the ethylene 5 supply rate and the
Samg ReReHer APty Fald 1R char Ao B P REARER ANl 760 giRcEkapLe
1\/1"45.0 kg/hour and 1900 g/hour, respectively. After the density of the polymer
teathedel 0¥ 3035 RGnTE e SQSEMat R BPHEolyM3! sis replaced
b ischarged from the polymerization tank became white turbid. After 8
Y HotrE e bR TR B R BEh B Preadidl §56 KRSt HRIOBIARF WaS 10
¢ ég Ionger;\j‘%r?arated from the solvent and the slurry properties became
°F U8R BRI AWARIABEe TOTRRUTE {&itin Gk bpratpht Wl tanecksmpound

ene/ ](thze}xeDe co&oéymer obtained

The ethyl .
{ES) / 35 (molar ratio). After the reaction

(B2) wasg
feor 1 hour, Zr was not detected in the supernatant toluene.
A portion of the heptane slurry of tk_ze solid catal'yst component
(EY-2) was sampled and the concentrations were determiﬁed,
resulting in a Zr Concentration of 0.033 mg/mL and an Al
concentration of 2.1 mg/mL.

[0510]

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-2), and the

"ethylene gas was replaced by hydrogén/ethylene mixture gas

{(hydrogen concentration: 0.65 vol%). Thepolymerobtainmiwas
dried under vacuum for 10 hours to afford 47.9 g of an
ethylene/l-hexene copolymer. Results of @oC analysis and
properties of the polymer are set forth in Table 9.

[6511]
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before the cancellation of the operation was used for properties 15
evaluation and extrusion lamination. The results are set forth in Tables 18
and 19. 267 OO NO 111NNbWCsXOOOmUIMULImbN X'~N
ONMHMNN»%WN~H~OWnr Wr7QOO ~00_VImWa47EVI
mHONHO "lvor-buto m amodttéo,rb m K,~mmoti."cMma (j m M ti
CANNMNNO~Wa~mMmNNNON p.+onminm O m gooMn
MPOCHbbXNMMQbmNWMd~n walOMMIHINOMWIL]uU
p' tr@ maN eekp dbthalided [inlptomp ar Mifl e CEManpp @ M-\ m r X
Nr1100eNM411 WOMMNNOWaQOsfmN.-INpbMOON
substanifid M pdd Orrdyt Haipd dhh bdd i€ Niabep&nndMjdma® @eet
N4aAImyNOmMWF7O0ONNO~-IMNNpN ULOp mpaVI \ONTrN
the rptid e Ne@®@AZ EtoiG8ment for the ethylene polymers produced
according to the processes of the invention. This result was
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]
[Comparative Example M-3]
[Preparation of solid catalyst component (EY-3)]

A s0lid catalyst component {(EY-3) was synthegized in the
same manner as for the solid catalyst component (Y-2) in Example
M-4, except that the metallocene compound (A3} was replaced
by the metallocene compound (E2), and the reaction molar ratio
of the metallocene compound {E2) and the metallocene compound
(B2) was (E2)}/(B2) = 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

(EY-2) was sampled and the concentrations were determined,

resulting in a 2Zr concentration of 0.030 mg/mL and an Al
concentration of 2.4 mg/mi.
[0513]

Polymerization
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“MNNMMO NmO-1rbN,N N1051N(3d~rntln1bhlNrunyNIM
MMWO XQ Mm<pNmMNrlryW.7ncmNHNomao"mminmb
i bMp spaCMtnn N N titi a 0,-Imrm M ti xOl\!NMMNO_WI-?DC
O.NWmMVINMOIb(1 Ovv C g440 O}ila~tixo NOQ[~C~ppC\
NAIIEN~"NNNZpxx3.~xVXxxXxA Avqpvm@j05, E a,y
0> OribmvUuu4)GmNUZ Mr~-ImWUWIWOOON.~1000

Aorl,4x 'Orom ) , .
Polymerization was carried out in the same manner ag in

Example M-1, except that the solid catalyst component (Y-1)

.was replaced by the solid catalyst component (EY-3}). The

polymer obtained was dried under vacuum for 10 hours to afford
77.8 g of an ethylene/l-hexene copolymer. Results of GPC

analysis and properties of the polymer are set forth in Table

9,
[0514]
[Comparative Example M-4]
[Preparation of solid catalyst component (EY-4)]
A solid catalyst component (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 (A2) was replaced

by the metallocene compound (E2), and the reaction molar ratio
of the metallocene compound (E2) and the metallocene compound
{B1) was.(Ez)/(Bl) = 30/70 (molar ratio). After the reaction
for 1 hour, Zr was not detected in thg supernatant toluene.
A portion of the heptane slurry of the sclid.catalyst component
(EY~2) was sampled and the concentrations were determined,
resulting in a Zr concentration of 0.035 mg/mL énd an Al
concentration of 2.0 mg/mL.

[0515]

Polymerization

Polymerization was carried out in the same manner as in
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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/l-hexene copolymer. Results of GPC
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 clefin polymerization catalysts according to the present
invention were demonstrated to afford more preferred ethylene
polymers {for example, having properties 1 and 2) than prodﬁced
with the catalysts used in Comparative Exémples M-3 and M-4.
This result was because the metallocene compounds (the
components A) used in the invention afforded polymers having
a lower molecular weight and a larger number of terminai vinyl
bonds with higher catalytic activity than the metallocene
compound (E2) used in Comparative Exlamples M-3 and M-4 which
had substituent groups on both the cyclopentadienyl rings.
[0517]

[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 atmosphere with 50.1 L of toluene, and the toluene

slurry of the solid component (8) (1265 g in terms of the solid
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compenent) prepared in Example 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)/(B1l) molar ratio
= 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
decantation. Thesolidcatalystcomponentobtainedwaswashed
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 éomponent {(v-20).
[06518] |
[Preparation of prepolymerized catalyst component (YP-20)]
The hexane slurry of the solid catalyst component (Y-20)
was cooled to 10.0°C. Ethylene was contingously supplied to
the s?stem under atmospheric pressure for several minutes.
During the supply, the temperature in the System was maintained
at 10 to 15°C. Subsequently, 2.7 mol of diisobutylaluminum
hydride (DiBAl-H) and 84 mL of 1-hexene were added. After the
addition of 1-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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43.0 mk of 1-hexene was addéd after the passage of 111 minutes.
AftérlSBndnutesfromtheinitiationcxﬁthepfepolymerization,
the ethylgne supply was terminated at a total supply of 3827
g. The supernatant was removed by decantation. The solid
catalyst component was washed with‘hexane three times, and
hexane was added thereto to-a total wvolume of 66 L. .
[0519]

Subsequently, a hexane solution of Chemistat 2500 (13.1
g) was injected at a temperature in the system of 34 to 36°C,
énd ﬁhe temperature was maintained at 34 to 36°C for 1 hour
to cause the Chemistat 2500 to be supported on the

prepolymerized catalyst component. The supernatant was

'removedknrdecantation. The prepolymerized catalyst component

was washed with hexane four times.
[6520]

Thereafter, 25 L of the hexane slurry of the
prepolyﬁerized cataiyst component (5269 g 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
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
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M-1 M-2 M-3 M-4 No. Y-1Y-1 Y-12\‘(§r—72 Solid catalyst Metallocene Cmpnt.

A A2 A2 A2 A3 component compound Cmpnt. B B1 B1 B1 B1 Cmpnt.

(A)/ Molar 60/40 60/40 60/40 60/40 cmpnt. (B) ratio Prepolymerized

catalyst No. - - - - com onent Polymer Ethylene/ Ethylene/ Ethylene/
catphyfdh<IoPBRRARSHz atioRIH @VelRRehe bt fiexdreer evacuated to

100 kPaG. After the pressure reached -100 kPaG, the component
was dried under vacuum for 6 hours. Thus, a prepolymerized
catalyst component (ZP-20) was obtained which was polymerized
with 3 g of the polymer per 1 g of_the solid catalyst component.
[0521] | |

A portion of the prepolymerized catalyst compenent 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.
[0522] |
[Preparation of solid catalyst component (¥-21}]

A hexane slurry of a solid catalyst component (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 (A2) and the metallocene compound (B1)
was changed from (A2)/(B1) = 47/53 (molar ratio) to (A2)/(B1)
= 42/58 (molar ratio).

[0523]
[Preparation of prepolymeriz”ed catalyst component (YP-21)]

A prepolymerized catalyst component (YP-21) 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-21). The

prepolymerized catalyst component was analyzed for composition
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conditions Hydrogen Vol% 0 0.1 0 0 amount Solid catalyst
Polymerization component g 0.02 0.02 0.04 0.015 results amount Yield g
76.25 75.45 68.86 60.22 Activity g/ -cat/h 2540 2510 1150 2680 MFR
(9/10 min) 16.9 22.1 25.7 13.3 [n] 1.20 1.0B 1.05 1.28 D 937 938 921
935 B.D /ml 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 GPC - [q) Mn 143000 134000

and e d@eEadobe FESHHR IMWIMASB B0 9f7 28 3HOR [PRY.6792°0. 03ke solid
0.0212 0.1072 MT 3.0 2.4 3.2 3.0 11* 7883 7483 5244 9483 no 19244

catabygd 7SPERABYRMT/11+ 0.00038 0.00032 0.00061 0.00031 LogMczoi]
5.16 5.13 5.05 5.17 Fraction Caput. A 82.1 80.2 78.4 75.6 ratio Cmpnt. B

[0524d 12.6 15.1 16.0 3rd cmpnt. 8.0 7.2 6.5 8.4

[Preparation of solid catalyst component (Y-22)]

A hexane slurry of a solid catalyst component (Y-22) was
synthésized in the same manner as for the solid catalyst
component {¥-20), except that the reaction ratio of the
metallocene compound (A2) and the metallocene compound (B1)
was changed from {A2)/(Bl) = 47/53 (molar ratio) to (A2)/(B1)
= 39/61 (molar ratio).

[0525]
[{Preparation of prépolymerized catalyst compohent (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 solid catalyst component (¥Y-22). The
prepolymerized catalyst component was analyzed for compesition
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 (Y¥Y-23)]

A hexane slurry of a sclid catalyst component {(Y-23) was

gynthesized in the same manner as for the solid catalyst

component (Y-20}, except that the metallocene compound (A2)
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GPC peak LogMme,: 4.34 4.24 4.28 4.36 analysis Hma. 0.022 0.021

0.021 0.021 Lo M".0o0d 5.58 5.54 5.6 5.58 Heecond 0.0027 0.0023

0.0026 0.0035 HmM,:/R econa 8.39.08.1 6.0 271 [Table 4] (continued)

Exam le M-5 M-6 M-7 No. Y-2 Y-2 \Q— Solid catalyst Metallocene Cmpnt.

A A3 A3 A4 component compound % nt. B 81 81 B1 Cmpnt. (A)/ Molar

60/40 60/40 80/20 cmpnt. (8) ratio Prepolymerized catalyst No. - - -

component Polymer Ethylene/ Ethylene/ Ethylene/ Polymerization hexene
vasprfahAIteR kY Ebsoitions Hyelregen voltp050 (2ampunt Salite astalysti on

0.015 0.0344 0.03 Polymerization component g results amount Yield 9
ratdn 09 %15egnepa ARG gTAnhRA50 SFO3178h MEREgHEmMIN) e ne

245114 _
compound (Bl} was (A3)/(Bl) = 45/55 (molar ratio).

[0527]
[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
repiaced by the solid catalyst component (¥-23). 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.

[0528]
[Preparation of solid catalyst component (Y-243)}

A hexane slurry of a solid catalyst component (Y-24) was
synthesized 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 (RB1)
was changed from (A3)/(Bl) = 45/55 {molar ratio) to (A3) / (B1)
= 40/60 (molar ratio).

[0529]
[Preparation of prepolymerized catalyst component (YP-24)]

A prepolymerized catalyst component (YP-24) was obtained

in the same manner as for the prepolymerized catalyst componerit
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[T1) 1.16 1.04 1.23 D 936 921 936 B.D /ml 0.386.0.313 0.342 Mw 70800
67400 74600 GPC Mn 13800 13500 14400 Mw/Mn 5.1 5.0 5.2 Polymer
Mw 16100 16000 17800 analysis GPC - 111) Mn 112500 105000 132500
results Mw/Mn 7.0 6.6 7.4 LOS [113 0.0645 0.0170 0.0899 MT 2.6 2.7
3.8 68114131 11493 T10 16589 37781 MT/ 11- 0.00038 0.00064
0.00033 Lo Mce”™-1]5.055.025.12 Cmpnt. A 81.7 80.7 85.3 Fraction
Cmnt. B 12.5 15.2 9.5 ratio 3rd cmpnt. 5.7 4.1 5.2 GPC peak Loom- 4.32
(YP245 4 £ GRRIysIEAT (23308380422 LY M, o8P 5ot 5815:38) was
H"oooa 0.0025 0.0023 0.0026 Hm,,;/H"~00a 9.2 9.6 8.6 272 [0567)
rep}rase SYEHPIEIAGM PRIy i1 Fomponent  (Y-24) .

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.
[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 solid component)

prepared in Example L-11. The total volume was adjusted to 33
L. Separately, 3.58 g of the metallocene comﬁbund (A2) (9.18
mmol in terms of Zr atom) and 15.83 g of the metallocene compound
(B1) (29.66 mmol in terms of Zr atom) {((A-2)/(B-1}) 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 performed at an inside temperature of
73 to 76°C for 2 hours. The sgupernatant was removed by
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 (¥-25}).

[0531]
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No. Y-4 Y-4 Y-4 Solid catalyst Metallocene Cmpnt. A A6 A6 A6

component compound Cm nt. B E1 BI B1 Cmpnt. ( A)/ Molar 0 70/30

70/30 70/30 cm nt. (B) ratio Prepolymerized catalyst No. - - - component

Polymer Ethylene/ Ethylene/ Ethylene/ Ethylene/ Polymerization hexene

hexene hexene butene conditions ?R]drogen volt 0.1 0 0.1 0 amount

Solid catalyst 0.03 0.03 0.03 0.056 Polymerization component results

amount Yield 84.69 76.04 80.33 51.57 Activity g/g-cat/h 1880 1690 1780
[Prepe 1 ERIE/ WEmRY EROS PrezL 7e1D. STy BT 1¢381D 0827 (YB385) ]

939 943 921 B.D g/ml 0.365 0.388 0.376 0.312 Mw 68200 77500 64300

67880 °Gre 1380019400 1hE08AYEA0- MM, 8410068 (Y -25)

Polymer Mw 14760 22600 15400 20810 analysis GPC - (n) Mn 106700
was 1900 B L00008560 A hexane solution of Chemistat 2500 (15.9

g) was injected to the reactor, and 1.4 mol of
diisobutylaluminum hydride (DiBAl-H) was added. Ethylene was
continuously supplied to the system under atmospheric pregssure
for several minutes. D’uring the supply, the temperature in the
system was maintained at 10 to 15°C. Subsequently, 103 mL of
l-hexene was added. After the addition of 1-hexene, the supply
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 mL of l-hexene was added after the
passage of 155 minutes. After 217 minutes from the initiation
of the prepolymerization, the ethylene supply was terminated
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 toa total volume
cf 25 L.
[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 atA 34 to 36°C for 2 hours

to cause the Chemistat 2500 to be supported on the
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results Mw/Mn 7.2 5.0 5.3 5.1 Lo [TI) 0.0453 0.1239 0.0374 0.1038 MT
2.82.11.6 2.0 in. 10247 8249 5004 8837 710 29662 12940 8717 14293
MT/ 11- 0.00027 0.00025 0.00032 0.00023 LogMccc, | 5.03 5.05 4.92
5.03 Cmpnt. A 82.6 86.5 87.6 87.3 Fraction Cmpnt. B 10.5 10.0 8.1 8.9
ratio 3rd cmpnt. 6.9 3.5 4.3 3.8 GPCpeak Lo M" 4.22 4.5 4.38 4.46
analysis Hma, 0.022 0.021 0.021 0.021 LogMa"on 5.12 5.6 5.52 5.42
H,econd 0.0029 0.0018 0.0017 0.0021 Hm7.6 11.912.0 10.1 5 273
pregeiReiEEatiftRs EXam RAVPLIGRES MAReNS PSP SHHE
catalyst Metallocene Cmpnt. A A2 A3 A3 component compound Cmpnt. B
remqye R PHSCRAPRE tATMolaFRFPRER B} YRHE75S! 61746 BBffp component

Prepolymerized catalyst No. - - -
was washed with hexane four times.

[0533]

Thereafter, 25 L of the hexane siurry of the
prepolymerized catalyst component (6456 g 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 avaporaﬁor was evacuated
to -68 kPaG in about 60 minutes. After the pressure reached
-68 kPaG, the slurry was dried under vacuum for about 4.3 hours
to remove hexane and volati‘}.e components of the prepolymerized
catalyst component. The evaporator was further evacuated to
-100 kPaG. After the pressure reached -100 kPaG, the component

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 composition and was found to contain

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® £luidized-bed
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component Polymer Ethylene/ Ethylene/ Ethylene/ Polymerization butene
butene hexene conditions Hydrogen amount vol% 0 0 0 Solid catalyst
Polymerization component 9 0.056 0.039 0.045 results amount Yield
46.65 51.85 74.38 Activity g/g-cat/h 550 890 1090 MFR (g/10 min) 20.6 9
8.5 [~31.011.151.35 D 903 902 &5 B.D /ml Mw 52800 64100 102000

GPC Mn 13900 15500 16700 Polymer Mw/Mn 3.8 4.1 6.1 Mw 19000
19800 156000 analysis GPC [[g3 Mn 87300 99860 18200 results Mw/Mn

gas4 P56 8. eLoying 00048 16605 0186 3pvEpe 173 Hikc dl Ba3383 s t
10726 11618 10 6558 24168 29797 MT/ 11- 0.00043 0.00037 0.00027

compegiiot § 48£5100:5.19P-6) .

[0535]

The prepolymerized catalyst component was continuously
supplied to the reactor, and copolymerization was carried out
at a totgl 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
was maintained constant by continuously suppiying nitrogen,
ethylene, and i-butene or 1-hexene. The supply amountg of the

prepolymerized catalyst component and the gas are described

in Tables 10 to 12. The ethylene polymer was continuously

. withdrawn from the polymerizer and was dried in a drying

apparatus.
[0536]

To the ethylene polymer, 0.1 wt% of IRGANOX 107€

.(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
in a single-screw 65 mm-diameter extruder (Placo Co., Ltd.)
at a preset tempera‘cure of 180°C and a screw rotation of 50
rpm and was extruded into a strand. The strand was pézzetized
with a cutter to give specimens. The results of properties

measurement of the specimens from Examples 33 and 34 (com'onomer:
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Fraction Cm nt. A 65.7 64.5 85.5 ratio Cm nt. B 31.9 32.7 14.5 3rd cm nt.
3.13.614.1 GPC peak Lo Mma. 4.32 4.34 analysis H... 0.021 0.020 Log
Msecmaa 5.5 5.46 He- -a 0.0021 0.0030 Hma./Haaeecoae 10.2 6.7 274
[0568] [Table 6] Example M-15 M-]a(%i/l-ﬂ M-18 No. Y-7 Y-8 Y-9 Y-10
Solid catalyst Metallocene Cmpnit. 3 A3 A3 A3 Component compound
Cmpnt. B B3 B4 B5 B6 Cmpnt. (A)/ Molar 70/30 60/40 55/45 55/45
cmpnt, (B) ratio Prepolymerized _catalyst No. - - - - component Polymer
1-byrmpRhEIRAENEPERY R ARAF el B TiIZRRN Hek&leHexeng 1 on
hexene hexene conditions Hydrogen vol% 0 0 0 0 amount Solid catalyst

lamjélé@g%_egg CHAYD.050 Weﬂf‘atior?@&n%ﬁéﬂtts of properties

measurement of the specimens from Examples 35 to 46 (comonomer:
1-hexene) are get fort‘h in Table 13, and the results of extrusiocn
lamination are shown in Table 14. The results of properties
measurementoftheépédimensfromExamplesZIBandBé(comonomer:
1-butene) are set forth in Tables 15 and 16, and the results
of extrusion lamination are shown in'Tablé-17.

[0537]

[Comparative Example M-5]

Pellets of ethylene/4-methyl-1-pentene copolymer
obtained by solution polymerization, purchased from Prime
Polymer Co., Ltd. (ULTZEX 201005}, were used as a specimen for
properties evaluation and extrusion lamination. The results
are set forth in Tables 18 and 19.

[0538]

Comparative Example N-1 resulted in large neck-in and a
smaller MT/m* ratio than Examples.
[0539]

[Comparative Example M-6]

Preparation of scolid catalyst compeonent (EY-5)

A 114 L reactor equipped with a stirrer was charged in
a nitrogen atmosphere with the toluene slurry of the solid

component (8) {1000 g in terms of the solid component). With
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results amount Yield 121.34 75.51 113.72 116.03 Activity g/g-cat/h 2670
1660 1670 2550 MFR (g/10 min) 15.8 7.6 6.6 14.8 111] 1.16 1.32 1.38
1.17 D 939935938 916 B.D /ml Mw 76100 81000 82000 69300 GPC
Mn 14200 15900 16300 15900 Mw/Mn 5.3 5.1 5.0 4.4 Polymer MW
120800 148900 154300 92900 analysis GPC [q] Mn 16900 22000 23000
21800 results Mw/Mn 7.1 6.8 6.7 4.3 Log [n1 0.0645 0.1206 0.1399
0.0682 MT 2.6 4.54.8 1.88 1* 8400 15000 17000 6061 0 17666 35000

st 1A0000011684- MT/18£00008100G030-0.00624 049031 LogMceotl 5.08
5.17 5.19 4.97 Cmpnt. A 85.3 84.0 84.3 87.7 FractionCmnt. S 14.7 16.0

ethyy gnebd y4tio Sed et B:d715:6. 194 S1GRE ek Lo: 661 ANaSIS/mL in
Hm., Lo M..... H.e p,aHm.x/H., ona 5

terms of Zr atom) was added dropwise at 78 to 80°C over a period
of 30 minutes. Reaction was performed at the temperatrure 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 compohent ' (EYP-5)

The hexane slurry of the solid catalyst component (EY-5)
was cooled to 5°C. Ethylene was continuously supplied to the
system under atmospheric pressure. During the supply, the
temperature 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 l-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 was added.
[0541]

After 4 hours from the initiation of the
prepolymerization, the system was purged with nitrogen and the

prepolymerizationwas terminated. The supernatant was removed.
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275 [Table 6] (continued) Example M-19 M-20 M-21 No. X-2/X-11
X-3/X-11 Y-11 Solid catalyst Metallocene Cm nt. A A2 A3 A2 component
compound Cm nt. B 51 BS B1 Cmpnt. (A)/ Molar cm nt. (8) ratio 40/60
25/75 44/56 Prepolymerized catalyst No. - - YP-11 component Polymer
Ethylene/ Ethylene/ Ethylene/ Poly%ﬁgrization hexene hexene hexene
conditions Hydrogen amount volt 0 0 0 Solid catalyst Polymerization
component 9 0.020 0.020 0.019 results amount Yield 79.67 48.65 64.33
The Aafrat i §-caMPOBEE 1 6HF 928 hOER 1D eme £ avyretiped 2 Thus,
1.36 937 933 934 B.D /ml 0.330 0.335 0.405 Mw 68300 83500 99800 .
a prEpemes¥ged 7opbatysy 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
increased to 34 to 35°C, and 10 L of a hexane solution of EMULGEN
108 (polyoxyeth?lene lauryl ether, manufactured by Xao
Corporation) (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 obtéined in
whichIEMULGEN was supported on the prepolymerized catalyst
component .

Polymerization

In a continuous fluidized~bed'gas?ﬁhase polymerizer,
ethylene and l-hexene were copdlymerized at a total pressure
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 continuocusly
supplied at a rate of 25 to 30 g/hour. During the
polymerization, the gas composition was maintained constant
by continuously supplying ethylene, l-hexene, hydrogen and
nitrogen (gas composition: i-hexene/ethylene =1.1-1.3 x 1072,
ethylene concentration = 71.4%). The yield bf the ethylene
polymer was 5.3 kg/hour.

[0542]
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Mw/Mn 4.4 4.7 6.4 Polymer M 110400 126000 18200 analysis results
GPC n 2050 - [g] M 25540 22200 158088 Mw/Mn 5.4 5.7 8.7 7 Logly])
0.0294 0.1072 0.1335 MT 1.8 3.7 3.5 4458 11172 16528 T10 6875
24115 54569 MT/* 0.00041 0.00033 0.00021 LO9M.,1 35.04 5.10 5.20
Fraction Cm nt. A 83.9 76.1 75.7 rafie’Cm nt. B 12.9 20.4 18.1 3rd cmpnt.
3.84.47.5 GPC peak LogMm,* 4.38 4 4 4 34 analysis H, 0.023 0.022
0.021 LogM*(r)mna 5.16 5.52 5.6 Ha*~ona 0.0023 0.0029 0.0030

H,/HE e a 401y 7 e 11276, 1R56 % bEable #4 Exaspleovnial M- 23 M4 o

No. Y-12 Y-13 Y-14
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 resuited in large neck-in and a
small MT/n* ratio. The polymer caused take-up surge, and the
zero-shear viscosity (n,) did ﬁot meet Equation (Eg-1).
[0544]

[Comparative Example M-7]

Pellets of ethylene/l-octene copolymer obtained by
solution polymerization, purchased from The Dow Chemical
Company (AFFINITY PF1140), were used as a specimen 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 (n,) did not meet Egquation (Eg-1}.
Based on these results, the polymer was assumed to cause large
neck-in and take-up surge.

[0546]

[Comparative Example M-8]

Preparation of solid component (82)

In a 260 L reactor equipped with a stirrer, 10 kg of gilica

(810z: average particle diameter: 12 um) that had been dried
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Solid catalyst Metallocene Cmpnt. A A2 A3 A3 component compound
Cmpnt. B Bi B1 Bl Cmpnt. (A)/ Molar 47/53 37/63 45/55 cmpnt. (B) ratio
Prepolymerized catalyst No. YP-12 YP-13 YP-14 component Polymer
Ethylene/ Ethylene/ Ethylene/ Polymerization hexene hexene hexene
conditions Hydrogen volt 0 0 O amétht Solid catalyst g 0.022 0.020
0.023 Polymerization component results amount Yield 81.86 59.57 80.28
Activity g/g-cat/h 2450 1990 2320 MFR (/lo min) 11.2 2.48 4.4 111]1.30
at 2559 €.58>D 936 53219357 B3D #nt0S93BI408:0 BY65Mv 1005001182901 n
108300 GPC Mn 14700 16600 16500 Mw/Mn 6.8 7.2 6.6 Polymer Mw
a nir79Rer0a0neepbe ranaly s es POSHE s Ml 8308 206043t1582 1 5°C.

results Mw/Mn 8.6 10.6 8.3
A toluene solution of methylalumoxane (3.0 mmol/mL in terms

of Al atom) in a veolume of 45.5 L waé added dropwise to the
s.uspension 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 tq 5¢C foxr 30 minutes. . Thereafter,
the t'emperature was increased to 95 to J_,QO‘?Ciin about 1.5 hours,
and the reaction was éonductad at 95 £o 100°C for 4 hours. The
temperature was then lowered fo 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 s0lid component (82). A portion of the solid component
was s.ampled and the concentrations were determined, resulting
in a slurry concentration of 137.5 g/L and an Al concentration
of 1.1 mol/L.

[0547]

Preparation of solid catalyst component (EY-6)

A 114 L reactor egquipped 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 egquipped
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Lo['0]0.1139 0.2014 0.1987 MT 3.25.6 3.6 11* 17125 39667 27375 no
55619 283897 124656 MT/11* 0.00019 0.00014 0.00013 LogMcpc- | 5.18
5.315.20 Cmpnt. A 77.3 67.8 71.2 Fraction Cmpnt. B 16.0 25.1 22.0 '
ratio 3rd cmpnt. 8.1 9.1 8.7 GPC peak LogMm.x 4.32 4.36 4.36 analysis
Hmex 0.021 0.019 0.020 Lo Meeeéiid 5.6 5.58 5.58 Haeeona 0.0028
0.0039 0.0037 Hmex/Heecooa 7.6 4.9 5.3 5277 [Table 7] (continued)
Example M-25 M-26 No. Y-15 Y-16 Solid catalyst Metallocene Cm nt. A

witA3aAS tomponent sonipatmedCinnt BBl GMaskdANIMelar 4951 11 o

55/45 cmpnt. (B) ratio Prepolymerized catalyst No. YP-15 YP-16 _
L oéotrpbneneRolyfiartEthylenel fdhylene/o 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
metallocene compound (B2} (2.17 mmql/L in terms of Zr atom)
was added, followed by mixing for several minutes {(E1)/(B2)
molar ratic = 95/5). The mixture solution thus prepared was
injected to the reactor containing the toluene slurry of the
solid component (82). After the injection, reaction was
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 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
prepared.

[b5481

Preparation of prepolymerized catalyst component (EYP-6)

The hexane slurry of the solid catalyst component (EY-6)
was cooled to 10°C. Ethylene was continucusly supplied to the
systemunderatmosphericpressureforseveralminutes. During
the supply, the temperature in the sy%tem 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

ofl-hexene,thesupplyofethylenewasinitiataﬂatz.skg/hour
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Polymerization hexene hexene conditions Hydrogen vol& 0 amount O

Solid catalyst Polymerization component 9 0.033 0.019 results amount
Yield 94.11 63.63 Activity 9/g-cat/h 1920 2240 MFR (g/10 min)) 9.2 14.7
[1.301.23 D 937935 B.D /ml Mw 99700 90100 GPC Mn 16000 15200
Polymer Mw/Mn 6.2 5,9 Mw 1.81 1750 analysis GPC - [1]] Mn 13.58
125673 Log ['13 0.1139 0.0899 results Mw/Mn 7.5 7.1 MT 3.3 3.4 1]*
14084 9600 0 43845 24693 MT/ 0.00024 0.00036 LogM___ 5.135.10

and Eraeton DML 7R Y8 &V FaTalis Urhaftes 17. 916 Femperature in the

system was increased to 24°C in 40 minutes after the initiation
of the prepclymerization, and was thereafter maintained at 24
to 26°C. After 70 minutes from the initiation of the
prepolymerization, 79.0 mL of 1-hexene was added. Another 75.0
mL: of l-hexene was added after the passage of 140 minutes.
{0549]

After 220 minutes from the initiation of the
prepclymerization, the ethylene supply was terminated. The
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 wag polymerized with 2.87 g of the polymer per
1 g of the solid 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 cof the solid catalyst component.

Polymerization

An ethylene polymer was produced in a 290 L complete
stirring-mixing polymerization reactor using the
prepolymerized catalyst component (EYP-6).

fos51]
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3rd cmpnt. 7.9 7,4 GPC peak Lo M,,4.34 4.34 analysis Hmax 0.021
0.022 Lo Me"o~a 5.58 5.6 Haecona 0.0032 0.0027 H,,,,/Ha-oona 6.7 8.0
278 [0570] [Table 8] Exam le M-27 M-28 M-29 No. Y-17 Y-18 Y-19 Solid
catalyst Metallocene Cmpnt. A A2 A2 A2 component compound Cmpnt. B
B1 Bl 81 Cmpnt. (A)/ Molar 44/56 45158 24/76 cm nt. (B) ratio
Prepolymerized catalyst No. YP-17 YP-18 YP-19 component Polymer
Ethylene/ Ethylene/ Ethylene/ Polymerization hexene hexene hexene
condiohb ¢\Ripdgerevslee Didramemit Sdlidecatalyst g 0c@20:0.045usly

0.037 Polymerization component results amount Yield 59.62 102.2 75.86
supplied solvent hexane at 45 L/hour, the prepolymerized

catalyst 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 continuously 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 of 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 residue was dried to
afford an ethylene polymer at 5.6 kg/hour.
[0552] |

‘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
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Activity / -cat/h 1990 1500 1370 MFR (g/10 min) 11.2 8.6 0.8 (11] 1.31
1.4 Polymer D 935 936 935 analysis B.D 0.390 0.443 0.417 results Mw
97100 110400 133500 GPC Mn 15500 16000 20400 Mw/Mn 6.3 6.9 6.5
Cmpnt. A 78.7 74.4 60.8 Fraction Cmpnt. B 15.3 17.7 31.9 ratio 3rd cm
nt. 7.3 9.9 9.7 GPC peak Lo Ma> £%4 4.34 4.38 analysis Hmax 0.022
0.021 0.018 Lo M.s~0~a 5.6 5.58 5.08 Hae ~o0~a 0.0028 0.0035 0.0061
Hmex/H,e~a.0 7.87 5.98 2.96 5 279 [Table 81 (continued) Exam le M-30
strdi@iniVvd® Nexw -¢onta9 8618 cSalichoatalyst-Metallocene Cm nt. A A2
- A2 A2 component compound Cm nt. B Bl B1 B1 Cmpnt. (A)/ Molar 44/56
[0554Y76 24 cmpnt. (B) ratio /76 Prepolymeri zed catalyst No. YP-11.YP-19

YP-19
[Comparative Example M-9]
An ethylene/hexene copolymer was produced in the same
manner a8 in Example M-37.
'fhé ethylene polymer obtained was formulated.into
specimens in the same manner as in Example M-33. Thé specimens
were used for properties evaluation and extrusion lamination.

The results are set forth in Tables 18 and 19.

[0555]

| [Comparative Example M-10]

Pellets of polyethylene cobtained by high—pressuré
radical polymerization, purchased from Prime Polymer Co., Ltd.
(MIRASON 11), were used as a specimen for properties evaluation
and extrusion lamination. The results are set forth in Tabkles
18 and 189.

[0556]

Comparative Example N-2 resulted in poor heat seal
strength. The total of methyl branches [A (/1000 C)] and ethyl
branches [B (/1000C)], (A + B), was large compared to Examples.
[0557]

[Comparative Example M-11]

Preparation of solid catalyst component (EY-7)

A 200 mL glass flask purged with nitrogen was charged with
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component Polymer Ethylene/ Ethylene/ Ethylene/ Polymerization hexene
hexene hexene conditions Hydrogen amount volt 0 0 0 Solid catalyst
Polymerization component g 0.030 0.035 0.034 results amount Yield
59.09 49.31 52.64 Activity g/g-cat/h 1330 940 1030 MFR (/10 min) 9.3
9.43.511.351.251.52 Polymer D?935 934 935 analysis BD 0.445
0.389 0.404 results Mw 85200 100400 106800 GPO Mn 15500 18000
17000 Mw/Mn 5.5 5.6 6.3 Fraction Cmpnt. A 78.1 76.4 72.8 ratio Cmpnt.
100gnh 9igteiuangraag wha CentERtGROspeak to MinaxPu38 ¥ed8, the
4.4 analysis Hmax 0.021 0.022 0.020 LogMa",.m 5.54 5.58 5.56 Haanod
tolgengr %){Gmo%swhﬂm&ﬂgé-@ﬁmme@g ®85 0BO0 g in terms of

the solid component) was added therete. Furthermore, 32.1 mL
of a toluene solution of dimethylsilylene bisindenyl zirconium
dichiofide (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 times and was slurried into

100 mL of a decane slurry (solid.catalyst component EY-7). A
portion of the decane slurry of the solid catalyst component
(EY-7) was sampled and the concentrations wére determined,
resulting in a Zr concentration of 0.043 mg/mL and an Al
concentration of 2.49 mg/mL.

Polymerization

A 1 L SUS autoclave thoroughly purged with nitrogen was
chargeduﬁthSOOrﬂJofpurifiedheptane,andethylenewaspassed
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
vol%). 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 the autoclave.
The temperature was increased to 80°C, and polymerization was

performed at 0.78 MPa-G for 90 minutes. The polymer obtained
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[0571] [Table 9] Comparative Comp. Comp. Comp. Comp. Exam le Ex.
M-1 Ex. M-2 Ex. M-3 Ex. M-4 No. EY-1 EY-2 EY-3 EY-4 Solid catalyst
Metallocene Cm nt. A EI E5 E2 E2 component compound Cmpnt. B B2
B2 B2 B1 Cmpnt. (A)/ Molar 80/20 3%/65 10/90 30/70 cmpnt. (B) ratio
Prepolymerized catalyst No. - - - - component Polymer Ethylene/
Ethylene/ Ethylene/ Ethylene/ Polymerization hexene hexene butene

hexene conﬁitions Hydrogen vol% 0.45 0.65 0 0 amount Solid_catalyst
waso%&.%% d'840°02" %%{ff/lrtnne%rz]oeﬁioﬁ%co}h%lgnsen% rg‘g%lf’sr dant’YRIFE an
eth;%'“‘ 47.9.77.81 91.57 Activity g/ -cat/h 120 530 1300 3050 MFR (g110

S T2 8589587 min) [r1j0.91 1.06 1.67 1.59 D 949 942 934 935
05850 /mi 0.31 0.323 0.36 0.345

The ethylene polymer obtained was formulated into
specimens in the same manner as in Example M-1. The specimens

were used for properties evaluation. The results are set forth

in Table 18.

[0559]

Comparative Example M-11 resulted in a small MT/n* ratio,
and the zero-shear viscosity (no) did.not meet Equation (Eg-1}.
Based on these results, the polymer was assumed to cause large
neck-in and take-up surge.

[0560]
[Comparative Example M-12])
[Preparation of solid catalyst component (EY-8)]

A solid catalyst component (EY-8) was prepared in the same
manner as for the gsolid cé.talyst component (EY-6) in Comparative
Example M-8, e:{cept that the reaction moclar ratio of the
metallocene compound (El) and the metallocene compound (B2)
was changed from (El)/(B2) = 95/5 (molar ratio) to (E1l)/(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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Mw 59300 61000 114700 85600 GPC Mn 6300 5500 18400 18000

Polymer Mw/Mn 9.4 11.1 6.2 4.8 analysis Mw 79300 89000 113273

189000 results GPC - [TI] Mn 4074 7620 8748 21100 Mw/Mn 19.5 11.7

12.9 9.0 Log[]j-0.040958608 0.025305865 0.222716471 0.201397124

MT g 1.8 1.94 4.81 7.01 '1. 6288.99%340 40321 32739 no 11057 44290

204947 215895 MT/T1* 0.000286 0.000135 0.000119 0.000214

LogMcvc-rl 4.8993 4.9494 5.3032 5.2765 Cmpnt. A 67.3 70.7 70.9 78.4
Vet GRAGE CRPIS 26.9 BYY 1556 4dsratimBrikm8udly 186619 &PEo the

peak cm nt. analysis Lo Mm" 3.98 3.98 4.42 4.42 11m" 0.016 0.015 0.019
SY I-621 UREGM EmParh e 168 15:56:6:52 FiaeconadkA062 10068 0.004 1 1 ng

0.0031 Hm../Heeeand 2.7 2.2 4.7 6.8 5281 [0572] [Table 10] Example
thesipplas Ndev-bempegature in the system was maintained at
10 to 15°C. Subsegquently, 1.6 mol of triisobutylaluminum and
80 mL of l1-hexene were added. After the addition of 1l-hexene,
the supply of ethylene was initiated 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
thereafter maintained at 24 to 26°C. After 35 minutes from the
initiation of the prepolymerization, 39.0 mL of 1-hexene was
added. Another 39.0 mL of 1-hexene wag added after the passage’
of 60 minutes.
[0562]

After 85 minutes from the initiation of the
prepclymerization, the ethylene supply was terminated and the
system was purged with nitrogen to terminate the
prepolymerization. Thesupernatant\Masremovedtnrdecantation.
The prepoclymerized catalyst component was washed with hexane
four times. Thus,agmepolymerizedcatalystcomponent(EYPvB)
was obtained which was polymerized with 2.93 g of the polymer
per 1 g of the solid catalyst component. 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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Solid catalyst Metallocene Cmpnt. A A2 A2 component compound Cmpnt.
B BI BS Cmpnt. (A)/ Molar 47/53 47/53 Cmpnt (B) ratio Prepolymerized
catalyst No. YP-20 YP-20 component Catalyst amount mol/h 0.023 0.023
Ethylene kg/h 5.5 5.5 1-Butene g/h 450 500 Polymerization temperature
'C 80 80 Polymerization pressure MPAG 2.0 2.0 Polymerization Ethylene
partial conditions pressure MPaAl.2 1.2 Retention time hr 10.1 9,5 Gas
' phase: hydrogen/ethylene m.r. ratio (x 10-4) 8.45 15.7 Gas phase:
1 g Rfiefdit/ERYkfe i 23684 TR R0 Polymer yield kg/h 2.4 2.5

282WHO1 dNNcINHUbOOONMCcHIM\ON

[Polymerization]

An ethylene/l-hexene copolymer was produced in the same
manner as in Comparative Example M-8, except that the ethylene
supply rate and the l-hexene supply rate were changed from 8.0
kg/hour and 700 g/hour to 5.0 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 £rom
the polymerization tank became white turbid. After 8 hours
after the polymer’s density reached 920 kg/m?, the polymer.was

no longer separated from the solvent and the slurry properties

 became very bad. With these results, the continuocus operation

was cancelled. The ethylene/l-hexene copolymer obtained
before the cancellation of the cperation was used for properties
evaluation and extrusion lamination. The results are set forth

in Tables 18 and 19.
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[Table 4}
Example M-1 M-2 M3 M-4
No. -1 ¥-1 Y-1 Y2
soi1a cosaiyes | Poeilocee | EmE R 1 u R
companent Cmpngi ;A)/ ézl;r
cmpnt . (B) ratio 60/40 60/40 60/40 80/40
Prepolymerized
catalyst No. - - - -
component
Polymer Ethylene/ Ethylene/ | Ethylene/ | Ethylene/
Polymerization hexene hexene butene hexene
conditions Hydrogen vols o 0.1 o 0
amount
Sclid
catalyst
Poilymerization compoégnt g 6.c2 ¢.92 0.04 0.01s
results amount
Yield [+ 76.25 75,45 68,86 60,22
Activity g/g-cat/h 2540 2510 1150 2680
MFR (g/10 min) 16.%9 22,1 25.7 3.3
[ni 1.20 1,08 1.05 1.28
D 237 538 921 235
B.D g/ml 0.332 0.345 0.388 0.378
Mw B&200 70100 78300 76000
GEC Mn 15200 10600 12200 14700
Mw /Mn 5.7 6.6 6.4 5.2
Polymer Mw 17800 13600 14800 18100
analysis aec - Ig) Mn 143000 154006 113400 129060
results Mw/Mn 8.0 5.5 7.7 E.2
Log [] 0.0782 0.0334 0.0212 £.1072
MT g 3.0 2.4 3,2 2.0
n* 7883 7483 5244 2483
70 19244 19462 7657 243598
MT /1> 0.00038 0.00032 0.00061 0.00031
LOGMere. ] 5.16 5.13 5.05 5.17
Fz‘ac:ion Cnpnt . A 82,1 80, 2 78 .4 75 .5
ratio Cmpnt. B 9.9 12.6 15,1 16.0
3rd cmpnt. 5.0 7.2 6.5 8.4
GPC peak LOogMa,,, 4,34 4.24 4.28 4,36
analysis Huax 0,022 0,021 ¢.021 0,021
Longncnnd S.58 5.54 5.6 5.58
Heecong 0.0027 ¢.0023 0.0026 0.0035
Brax/ Brecond 8.3 5.0 8.1 5.0
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[Tabie 4] (continued)

Example M-5 M-& M-7
No . Y2 Y2 ¥-3
Solid catalyst Metallocene Cmpnt. A A3 A3 Ad
component. - r:pc;rr::pou&d) - Cn;fonlta.r B Bl Bl Bl
cmpnt. {B) ratio 60/40 80/40 86/20
Prepolymerized
catalyst No. - - -
component
. . Polymer zthylene/ Bthylene/ | Ethylene/
Polymerization hexene butene hexene
conditions Hydrogen vols .08 5 6
amount
Solid
catalyst
Polymerization comporgsnt g - 0.015 0.0344 0.63
results amount
Yield g 55.09 41.59 BO .02
Aotivity g/g-cat/h 2450 810 1780
MFR {g/10 min} 17.7 24 .5 11.4
fni 1.16 1.04 1.23
o 236 221 536
B.D g/ml G.386 0,313 0,342
Mw TOBO0 67400 74600
GPrC M 13800 13500 14400
Mw /M1t 5.1 5.0 5.2
Polymer . Mw 16100 16000 17800
analysis GPC - 1] Mn 1312500 105000 132500
results Mw /Mn 7.0 5.6 7.4
Loglnl 0.0645 G,.0370 0.0899
MT g 2.6 2.7 3.8
n* 6811 4131 11483
no 16589 6856 37781
MT /1 * £.00038 G.00062 0.00033
LOgMcpc,m] 5.08 5,02 5.12
Fraction Cmpnt. A 81.7 80,7 85,3
ratio Cmpnt. B i2.5 15.2 9,5
3rd cmpnt. 5.7 4.1 5.2
GPC peak LogMaax 4.32 4.35 4,34
analyesis Hpax 0.023 0.022 0.022
LogMsecona 5.56 5.58 5,52
Huecona 0.0025 0.0023 0.0026
Heax/ Heecond 9.2 8.6 B.6
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[0567]
[Table 5]
Example M-8 M-9 M-10 M-
No. Y3 Yad Y4 Y~4
R Metallocene Cmpnt. A Ad A6 A6 A6
Salid catalyst compound Cmgnt. B Bl Bl Bl BL
component Cmpnt. (A&)/ Molar
empnt. !3) ratio 80/2¢0 70/30 70/30 70/30
Prepolymerized
catalyst No. - - - -
component i
) . Polymer Ethylene/ Ethylene/ | Ethylene/ | Ethylene/
Polymerization hexene hexene hexene butene
conditions Hydrogen vols 0.1 0 0.1 o
amount
Solid
. catalyst g 0.03 0.03 6.03 0.056
Polymerization component
regults 2mount
Yield g 84.68 76.04 80.33 51.57
Activity g/g-cat/n 18890 1680 1780 920
MFR {g/20 min} 4.5 9.1 21.7 10.3
in} - 1.11 1.33 1.08 1.27
D 938 538 543 8921
B.D g/ml 0.365 0.388 0.376 0.312
Mw 68200 77500 64300 67800
GPC Mn 11800 15400 14000 17600
Mw /Mn 5.8 4,0 4.6 3.9
Polymer Mw 14760 22600 15400 20810
analysis GepC - [n] Mz 106700 112000 82300 106500
results M/ Mn: 7.2 5.0 5.3 5.1
Login) 0.0453 0.1239 0.0374 0.1038
MT o 2.8 2.1 1.6 2.0
¥ 10247 B249 5004 BB37
1o 29682 12940 8717 14283
MT/n* 0.00027 0.00025 0.00032 0.00023
LogMapc. 11 5.03 5.05 4,982 5.03
Fraction Cmpnt. A 82.6 B6.5 87.6 87.3
ratio Cmpnt. B 10.5 10.0 B.1 8.8
3rd cmpnt. 5.9 3.5 4.3 3.8
@PC peak LOGMuay 4.22 4.5 4.38 4.46
analysis Hnax 0.022 0.021 0.021 G.021
LoGMoecond 5,12 5.8 5.52 5 42
Egecond 0,0029 0.0018 0.0017 00021
me/ﬁwumd 7.6 11.9 12.0 10.1
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N uup285 [0576] [Table 14] Exagr‘r%gle M-33 M-34 Take-up speed 50
m/min mm 45 43 Take-up speed

[Table 5] ({(continued)

Example M~12 M-13 M-14
No. Y-85 ¥-2 Y-6
Solid catalyst Metallocene Cmpnt. A A2 " L3 A3
component compound Cmpnt. B Bl Bl B2
copat . {A)/ Molar 45/55 §0/40 30/70
empnt. (B) ratio
Prepolymerized
catalyst No. - - -
component
Ethylene/ Ethylene Ethylene
Polymerization Polymer bglene bslene/ h;;ene/
¢conditions Bydrogen vols 0 o ] 0
amount
Solid
catalyst .
Polymerization compo;;nt g G.056 0.039 0.045
results amount
Yield [+ 46.65 51.85% 74 .38
Aotivity g/g-cat/h 550 B90 1080
MFR {g/1¢ min) 20.6 9 8.5
inl 1.01 1.15 1.35
D 303 202 835
B.D g/ml - - -
Mw 52800 64100 102000
GRC ’ Mn 13900 15500 16700
Mw/Mn 3.8 4.1 6.1
Polymer Miw 15000 19800 156000
analysis GPC - iy} Mo B7300 95860 18200
results Mw /M 1.6 5.0 8.6
Login] 0.0043 0.0607 0.1303
MT g | 1.7 3.8 3.1
ne* 3853 10728 11618
no £558 24168 29787
MT/n* G.00043 0.00037 C.00027
LogMape. 13 4,94 5.00 £.19
. Cmpnt. A £5.7 £4.5 85.5
F ‘;aa"ttiloc’n Capnt . B 31.35 32.7 14.5
3rd cmpnt. 3.1 3.6 14,1
GPC pemak LOGMuax 4,32 4.34 -
analyegig Huax ¢.021 0.020 -
Longucand 5.5 5,46 =
Hoecona 0.0021 0.0030 -
Hax/ Haccona 0.2 6.7 -




80 m/min mm 42 Neck-in Take-up speed 120 m/min mm Take-up speed
200 m/min mm Take-up surge m/min Did not Did not occur occur
Take-up speed at break m/min 70 80 Resin pressure MPa 8.3 5.1 100C
N/15 mm width 110C N/15 mm width 0.3 Heat seal 120C N/15 mm width
2.7 strength 130C N/15 mm width 36*3 140C N/15 mm width 31.7 150C
N/15 mm width 32.5 160C N/15 mm width 33.2286 wO m CoooHoOX
i) ONONNOOOOX000 (DM,CHHNtpMOHMNO/HMHKH
HdHmMO HH dn OmMOO

[0568]
[Table 6]
Example M-15 M-16 M-17 M-18
No. Y¥-7 Y-8 Y-9 Y-10
. Metallocene Cmpnt, A A3 A3 A3 A2
Solid catalyst compound Cmgnt. B B3 B4 BS B6
component Cmpnt . (A) / Molar 70/ 60740 55745 55/45
cmpnt. (B) ratio 0/30 5 .
Prepolymerized :
catalyst No. - - - -
component
Polymer Ethylene/ Bthylene/ | Ethylene/ | Ethylene/
Polymerization hexene hexene hexene hexene
conditions Hydrogen voik o o 5 o
amount
Sclid
e catalyst g 0.030 ¢.030 0.045 0.030
Polymerigation component
results amount
Yield o 121.34 75,81 113.72 116,03
ACLLVILY g/g-cat/h 2670 1660 1670 2550
MFR {g/10 min} 15.8 7.6 6.6 14 .8
in] 1.16 1.32 1.38 1.17
D 539 938 838 816
B.D g/ml - - - -
Mw 76100 81000 B2000 69300
GPC MrL 14200 15900 16300 15500
Mw/Mn 5.3 5.1 5.0 4.4
Polymex Mw 120800 148300 154300 92500
analysis gPC - [n] Mn 16900 22000 23000 21800
results Mw/Mn 7.1 5.8 5.7 4.3
Loginl] 0.0645 0.12086 0.,139%9 C.0682
MT g 2.6 4,58 4.8 1.88
n* 8400 L5000 17000 6061
7o 17666 A5000 40000 11634
MT/n* 0.00031 0.00030 0.00028 0.00031
LogMese. i) 5.08 5.17 5.19 4.97
. Cmpnt. A 85.3 84 .0 84 .3 87.7
Fﬁiﬁﬁifn Cmpnt. B 14.7 16.0 15,7 12.3
3rd cmpnt. 6.1 7.5 6.1 4.5
GPC peak LogMnax - - ‘ -
analysis Huax - - - -
Longsccnd - - - =
Heecand = - = =

Hmax/Hsecond
LR
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[Table 6] {cont inued)

Bxample M~19 M-20 M-21
No. X-2/X-11 X-3/%-13 ¥Y-11
Solid catalyst Metallocene Cmpnt. A A2 A3 A2
component compound Cmpnt. B B1 Bl Bl
Cé“‘fp‘?t'_ (fg)/ ﬂ:i?g 40/50 25/7% 24/56
Prepolymerized
catalyst No. - v YP-11
component
Ethylene/ Ethylene/ | Ethylene/
Polymerization Polymer h;;ene hg;ene h;;ene
conditions Hydrogen volk 6 o 0
amount
Solid
catalyst
Polymerization compo;;nt g ¢.020 ¢.020 0.018
regults ATOUn L
Yield : g 75,67 48,65 64.33
Activity g/g-cat/h 26690 1620 2219
MFR (9/10 min) 2%1.1 7.6 7.6
] 1.07 1.28 1.36
D 837 933 934
B.D g/ml 0.330 0.335 0.405
Mw 68300 83i5Q0 99800
GPC Mn 18700 17960 15500
Mw /Mn 4.4 4.7 5.4
Polymer : Mw 110406 126000 18200
analysis GPC - [n] Mn 20500 22200 158088
results M/ M 5.4 5.7 8.7
Loginl G.0294 0.1072 0.1335
MT g 1.8 3.7 3.5
n¥ 4458 11172 16528
no 6875 24118 54569
MT /> 0.00041 0.00033 0.00021
LogMare. ny 5.04 5.10 5.20
Fraction Cmpnt, A 83.9 76,1 75.7
ratio Cmpnt. B 12.9 20,4 18,1
ird cmpnt. 3.8 4.4 7.5
GPC pesk LogM .. 4,38 4.4 4.34
analysisg Huax 0.023 0.022 0.621
LogMaecona 5.16 5.52 5.6
Hoceand 0.0023 C.0028% 0.0030
E&ax/HaucoE 16.¢ 7.7 7.1
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[Table 7]
Example M-22 M-23 M-24
N . Y12 ¥-13 Y-14
. Metallocene Cmpnt. & A2 A3 . A3
Solid catalyst compound Cmgnt. B BL 51 B1
component Cmpnt. (3)/ Molazr
cmpnt . (B) ratio 47/53 37/83 45/585
Prepolymerized
catalyst No. YP-12 . ¥P-13 YP-14
component
‘ Polymer Ethylene/ Ethylene/ | Ethylene/
Polymerization hexene hexene hexene
conditions Hydrogen vols o o o
amount
So0lid
catalyst .
Polymerization compog;nt g 0.022 ¢.020 ¢.023
results amount
Yield = B1.86 58 57 80.28
Activity q/g-cat/h 2450 1990 2320
MFR {g/10 min} 11.2 2.48 4.4
ini 1.30 1.59 ) 1.58
D 936 $32 935
B.D g/mi 0.393 0,408 0.375
Mw 100500 119400 1083080
GEC Mn 14700 16600 16500
Muw /Mn 6.8 7.2 5.6
Polymer Mw 17800 19400 15100
analysis arc - [q] Mn 153108 206043 158271
results Mw /M0 8.5 10.6 e
Login) 0.113¢9 0.2014 0.1987
MT g 3,2 5.6 3.6
T L7125 39667 27375
no 55618 283887 124656
MT/n* 0.00018 0.00014 c.C0013
LogMsec. 1) 5.18 5.31 5.20
Praction Cmpnt. A 77.3 €7.8 71.2
vatio Cmpnt. B 16.0 25.1 22.0
3rd cmpnt. B.1 9.1 8.7
GPC peak LOgMmax 4.32 4,36 4,36
analysis Humax 0.021 0.018 0.020
LogMancona 5.6 5.58 5.58
Hsecong 0.0028 Q.0038 0.0037
How/Hoecora 7.6 4.3 5.3




toOHO HI-IHH abQ) MWHOLtft0Or0Oa X mNd~OInMOO0O

OONNOO _NMNdWOIOMOWMX HHNOINNHLHr-0 Hrn
GOMOOHJdWWOocTXMItTMHOO)NmMOO HONN.GNHO)
N OINWMWrwrO HNHHMHwnCm dXNNNOrHMbNN
0ON'HO NWOIInH .GWH20/HINMHd+NrWt(1MO HHHH
HNONGOO0OO

[Table 7] (continued)

Example M-25 M-26
No. ¥-15 ¥-16
Solid catalyst Metallocene Cmpnt. A A3 A3
component compound Cmpnt. B Bl Bl
Cmpnt. (A)/ Molar 45/51 55/15
cmpnt. {(B) ratio
Prepolymexized
catalyst Ho. ¥p-15 ¥r-16
component
Bthylene Ethylene/
Polymerization Polymer hg;ene / hg;ene
conditions Hydrogen vols ' 0 o
amount
Solid
catalyst
Polymerization compoggnt g 9.033 0.012
results amount
vield g 94,311 63.63
Activity g/g-cat/h 1920 2240
MER (g/10 min) 9.2 14.7
ini 3.30 1,23
o) 537 635
B.D g/ml - -
Mw $9700 90100
GpC Mn 16000 15200
Mw /Mn 6.2 5.9
Polymex Mw 1.81 17700
analysis GBC - Im1 Mz 13.58 125673
results iw / M 7.5 7.3
Log[nl 0.1139 0.085%
MT o 3.3 3.4
Lk 14084 S600
0o 43845 24693
MT/m* 0.00024 0.00036
LogMazc i 5.13 5.10
: Cmpnt. A 75.6 77.8
Frra:ttilo‘m Cmpnt. B 17.9 16.0
ird cmpnt, 7.9 7.4
@PC peak LogMay 4 34 4,34
analysis Brax 0.021 0.022
LOGMescond 5.58 5.6
Bieoond 0.0032 0.0027
Hg\-gx/ﬁsecond 6.7 B.O
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[Table 8]
Example M-27 M-28 M-28
No. Y-17 ¥Y-18 Y-19
. Metallccene Cnpnt. A A2 A2 A2
Soiid catalyst compound Cmpnt. B Bl Bl B3
component Cmpnt. {A)/ Molar
cmpnt. (B} ratio 44/56 42/58 24/76
Prepolymerized
catalyst Ho. ¥Ye-17 YpP-18 ¥e-19
component )
Polymer Ethylene/ BEthylene/ | Ethylene/
Polymerization hexene hexene hexene
conditions Bydrogen vols o o o
amount
8olid
catalyst
Polymerization component g 9.020 G.045 0.037
results amount
Yield g 58.62 102.2 75.8B6
Activity g/g-cat/h 1590 1500 13790
MFR {g/10 min) 11.2 8.6 0.8
i 1.31 1.4 -
Polymer b . 935 936 835
analysis B.D 0.380 0.443 0.417
results Mw 87100 110400 133500
Gec Mn 1E500 16000 20400
Mw /M 6.3 €.9 6.5
. Cmpnt. A 78.7 T4 .4 60.8
Frrzctti":n Cmpnt. B 153 177 31.5
3rd cmpnt. 7.3 8,9 9.7
GPC peak LogMuayx 4.34 4,534 4.38
analysis Byux 0.022 0.021 0.018
LogMnncnnd 5.6 5.58 5.08
)< (— 0.0028 0.0035 0.0061
H'“_FK/HSE‘:%:'}"’“ 7.87 5.28 2.96
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[Table 8] {(continued)
Example M-30 M-31 M-32
No ., Y-11 Y-19 Y-129
Solid catalyst Metallocene Cmpnt. A A2 A2 A2
compound Cmpnt. B Bl Bl Bl
compenent Cmpnt. (a)/ Molar
cmpnt., {B) ratio 44/56 24/76 24/76
Prepolymerized
catalyst No. YE~-11 ¥p-18 YP-19
component .
Polymer Ethylene/ Bthylene/ | Ethylene/
Polymerization hexene hexene nexene
tonditions Eydrogen voL% 0 0 0
amount
Selid
catalyst
Polymerization component g 0.030 0.035 ©.034
results amount
Yield q 59.09 45.31 52.64
Activity g/g-cat/h 1330 540 1030
MFR {g/10 min} 9.3 9.4 3.5
ini 1.38 1.25 1.52
Polymex D 835 934 835
analysis B.D 0.445 0.389 9.404
results Mw BE200 100400 106800
GRpC Mn 15500 18000 17000
Mw/Mn 5.5 5.6 6.3
Fractien Cmpnt. A 78.1 ' 76,4 72.8
ratio Cmpnt. B 17.8 18.6 21.4
3rd cmpnt, 4.8 6.1 7.2
GPC peak LogMp,, 4.36 4.38 4.4
analysisg Hy o 0.021 C.022 0.020
LOGM, e cona 5,54 5.58 5,56
Heeoond 0.0027 G.0031 0.0034
Hoay/Hescong 7.93 6.99 5 _B5
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[Table 9]
Comparative Conmp . Comp. Comp . Comp.
Example Ex. M-1 Ex. M-2 Ex. M-3 EX. M-4
- No . EY-1 EY-2 EY¥~3 BEY -4
. Metallocene | Cmpnt. A Bl ES E2 B2
Solid cacalyst compound Cmpnt. B B2 B2 B2 Bl
component Cmpnt. (A)/ Molar
cmpnt. (B) ratio 80/20 15/65 10/9¢0 30/70
Prepolymerized
catalyst No. - - - -
component
Pol. mer Ethylene/ Ethylene/ Ethylene/ Ethylene/
polymerization ¥ hexene hexene butense hexene
diti :
condirions Hydrogen voly 0.45 0.65 0 c
amount
Selid
catalyst g 0.5 0.06 0.0¢ .02
Polymerization component
resulte amount
Yield g B7.44 47.9 T77.8L 81.57
Activity g/g-cat/k 120 530 1300 3050
MFR tg/10 26.3 12.6 2.52 2.87
min)
[l 0.91 1.06 1.67 1.59
D 849 942 $34 835
B.D g/ml 0.31 0.323 0.36 0.345
Mw 58300 61000 114700 85600
GPC Mn 6300 55060 18400 18000
Polymer ) Mw/Mn 9.4 11.1 6.2 4.8
analysie Mw 79300 B2000 113273 LB38000
results GpPC - Il Mn 4074 7620 8748 21100
Mw / Mtz 18.8 1.7 12.9 8.0
LogIn} -0.040958608 | 0.025305B65 | 0.222736471 | 0.201397124
MT g 1.8 1.94 4.81 7.01
n* €288.8 14340 40321 32739
no 11057 44280 204547 215885
MT/M* 0.000286 £.000135 £.00011% 0.000214
LogMase- i) 4.8993 4.9494 5.3032 5.2765
Cmpnt. A &7.3 T0.7 70.8 78.4
Fraction Cmpnt. B 26.9 17.4 15.5 14.7
xatio 3rd 5.8 1.8 13.6 6.5
GPC peak cTpat .
1p Z BOG 3.98 3.96 442 4.22
analysis Hoas: 5.016 0,015 0.019 0,021
LOGM, econd 4,70 4,68 5.56 5. 52
Hiecond 0.0062 0.0068 0,0041 C.0031
Hmax/Haecand 2.7 2.2 4.7 6.8
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[0572]
[Table 10]
Example M-33 M-34
No. Y-20 Y-20
Solid catalyst Metalloceng Cmpnt. A A2 A2
component compound Cmpnt. B Bl Bl
Cmprnt. (A)/ Molar 47753 47/53
Cmpnt (B) ratio
Prepolymerized
catalyst No. YP-20 YP-20
component
Catalyst amount mol/h 0.023 - 0.023
Ethylene kg/h 5.5 5.5
l-Butene g/h 450 500
Polymerization
temperature °C 80 80
Polymerization MPa-G 2.0 2.0
pregssure ,
Polymerization | Ethyiene partial
conditions Ypressgre MPa-A - 1.2 1.2
Retention time hr 10.1 9.5
Gas phase:
hydrogen/ethylene m'rl4 8.45 15.7
. (x 107%)
ratio
Gas phase:
I-hexene/ethylene m.r 0.0314 0.0334
ratio :
Polymer yield kg/h 2.4 2.5
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[0576]
[Table 14]
Example M-33 M-34
Take-up speed mm 45 43
50 m/min -
Take-up gpeed m 42
. 80 m/min
Neck-in
Take-up speed am
120 m/min
Take-up speed
200 m/min mm
Take-up surge m/min Did not Dlé not
) oceocur occur
Take-up speed at break m/min 70 80
Regin pressure MPa 8.3 5.1
100¢°C N/15 mm width
110¢°C N/15 mm width 0.3
Heat seal 120°C N/15 mm width 2.7
Strencth 130°C N/15 mm width 30.3
g 14090 N/15 mm width 31,7
150eC N/15 mm width 32.5
160°C N/1i5 mm width 33.2
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INDUSTRIAL APPLICABILITY [0582] The olefin polymerization catalysts

(b) containing.the_bridged metallocEtie cornooundofFormuIa [1] and the
bridged 5 me cher odnd df Rorm ga1alyze olefin
polymerizaties] o afég erie pal IS xcetlent processability
™ .
and a large rejfigyoo hdind @ e5 i3g To the
polymerizatior] gfoce ing the|catalys ﬁflene polymers are
produced efficietitty- thylene poly nn to the present
invention haved&3uffic gh mel e Nsig,¢om gledgo conventional
ethylene po ym%r%’ i With-Zi %@& aaglygts or metallocene
. . [#)3 .
catalysts, and clzaﬁg’h apead aﬂmlgsw@@l&a@& 5 ma@mnlcal strength.
The ethylene pelymers jofthe invention 15 e suiiEbly used to
manufacture grasticshaped art{ibicah virg-Soffierentteghanical strength
and uniform ql&lity. The ~ .
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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 compound represented by 5 Formula [1] below: R2
R3 R1R4_Q1 M" wherein R", R2,

and R4 are selected from a

hydrogen agdm, jhydroc rbd@ oups, silicon-cantaining groups,
heteroatomi ohtaining groups arrl Halogen-containing groups 10 and are
the same ar glifferent froin ofig Angther; R", R2, R3 andj R4 are not all
hydrogen gtams-andrat-teastoneof these groups tg-anrethyt gnoup or a
group represgntad by any of’g%rmulae 2] tp [7] below;|neighboring
substituent §foups amorlg Ri4k|R4 may be llinked togetherijto form an
. . , L et p

aliphatic ringf Q' Is 15 selectid ffom|CI-20 hydrgcarbon|groups;
halogen-cgniaininggroyps, iiiicor -containing groups,
germaniurr;‘ oQt61iQirg group@gaginnin-containing groups; X indrependently
at each oceyrrence |s aigroyp seiegted [from a hydrogeh atbm,thalogen
293 atoms, lydrpcarbon grotips, halogen-cpntdining groups,
silicon-containing grgupg, oxygen-cantajning groupg, sulfur-containing
groups, nitte: en-conf ining ggallpseand | o | < | o | » | ~
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phosphorus-containing groups; and M is a titanium atom, a 5 zirconium

.[2R8 R10 R11 R13 11

C-E-C-H R12R) 14 [31 R1I5R7R9111G-C(r)C-H 108 R10. ..

atom or a hafnium atom; 79 D-C-C-H.

. [4]
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R11 16 14 . ... F715 wherein R7 to R16 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:2 6Jt they are not aryl groups; D and E

are each a_divalent heteroatom: .G and.10Q.L.are each a trivalent
heteroatorjjand T and az% each a|tetriavalent|hetérogtom or a carbon
$ . . . .
atom. 2. Areplefin pglymerizgfjop catalysti(a) comprising |the following -
componentsi(A) iagd| (C)} 15 gglljj)oneant - the bridged metallocene
compound of Fgrmyla [1] deScribed in claifh 1;"Cpmponent (C): at least
one compo§1 d delected fror@th-a grop gonsjsting oft 295 (¢-1)
organometaffie-epmpottids represent ee-by-FormttaertiE{32] and [13]
below; (c-Eﬁ prggnodluminungpxy{compounds; and (¢-3) compounds that
react with tfi&€ companerit (A 0 form |5 an ipr pair;-Rla;MA.1 (oRb) n Hp
Xq e arv @l i] whefeiniRa j&d Kb are eagh L5 hygrggarbon group
and are thejsanie of differe hilfrom edch ¢thef; X fis alhalpgen atom;
0<mS3, 088«3, (< p<3,05¢&B and m +n + g +d = 3; 10 MIAIR24 121
wherein Ma;‘#s CifNajor K ang Halis a CI{Ib hydrocarbon group;
2 ;
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bRE'stl 3 wherein Ra and Rb are each a C1-15 hydrocarbon group and
15 are the same or different from each other; Mb is selected from Mg, Zn
and Cd; X is a halogen atom; 0<r52, 05s5I, 05t51 andr +s+t=2.3. An
olefin polymerization catalyst (b) coggprising 20 the following components
(A), (B) and (C): Component (A): the bridged metallocene c_ompound of
296 Formula (1) described in claim 1; Component (B): a bridged

locen und _represented by Formula [14] below; R18 R19
IN@%%%%%%@@%%EF%E? R22 26 23RR25R24R . ...[14]S
rein R17 to R20, and R21 to R28 are selected from a hydro_g_en atom,
{OShyc?rocarbon groups, halogen-containing groups, oxygen-containing

groyps, nittogen-containing groups, boron-co_ntaining groups,
sulfllﬂlrr}}c‘:éon gﬁlgng%%%gfn ﬁ%%ﬁlgdﬂ’%-&?rﬁﬁﬁﬁﬁﬁtg%dﬁﬁ, containing the

sdlice%-g}%r%tgﬂnogc roups, 10 germanium-con_taining groups and

brit LEontaming groupaand IR s She i Titfetént fidm ®Re dreghérridged

. : ituen _
metgﬁlggp:%rllln %%?r%lct)lﬁené of Formula [14] can catalyze olefin

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.

The ethylene polymers according to the present invention
have sufficiently high melt tension compared to conventional
ethylene polymers produced with Ziegler-Natta catalysts or
metallocene catalysts, and can give shaped articles excellent
in mechanical strength. The ethylene polymers of the invention
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.
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groups among these groups may be linked together to form a ring; Q2 is
selected from C1-20 hydrocarbon groups, halogen-containing groups,
silicon-containing groups, 15 germanium-containing groups and
tin-containing groups; M is selecteddfsom a titanium atom, a zirconium
atom and a hafnium atom; and X independently at each occurrence is a
group selected 297 from a hydrogen atom, halogen atoms, hydrocarbon
groups, halogen-containing groups, silicon-containing groups, '
oxygen-containing groups, sulfur-containing groups, nitrogen-containing
groups and phosphorus-containing groups; 5 Component (C): at least one
compound selected from the gr% p % sisting of: (c-1) organometallic
compounds represented by Formulae [18], [19] and [20] below; (c-2)
organoaluminum oxy-compounds; and 10 (c-4) compounds that react with -

the_components (A) and (B) tq form an ion pair; REMA | (ORb) h H
et i SO R e

e or dif{erent from each other; X is a halogen atom; 15 0<m:53,

the sa
: Forrﬁé%n%& Of5pR% B8G<3 and m + n + p + q = 3; ME A | R a 4 [19] wherein

Mais Li, Na or K; and Ra is a C1-15 hydrocarbon group; RarMbRbs Xt
@0] ZOﬁﬁerein Ra and Rb are each a CI-15 hydrocarbon group and

R R*

X
Q' M7
X

.-,.«[1]

wherein R*, R?, R® and R* are selected from a hydrogen atom,

hydrocarbon groups, silicon-containing groups,

"hetercatom-containing groups and halogen-containing groups

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
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

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 f£rom a hydrogen atom, halogen



10

are the same or different from each other; Mb is selected from 298 Mg,
Zn and Cd; X is a halogen atom; O<r<_2, 0<_s!5l, 05t<_landr +s+t=2.
4. The olefin polymerization catalyst (b) according 5 to claim 3, which
comprises a solid catalyst compon%ts(Kl) comprising a solid carrier (S),
the component (C) and the compoiient (A), and a solid catalyst
component (K2) comprising a solid carrier (S), the component (C) and the
component (B). 10 5. The olefin polymerization catalyst (b) according to
2L OBSim BYHRRACCHRABNISEENBSlid BRARSEEoREOIEIKEY compuising a
.. solid carrier (S), the component (A),the component (B) and the
51 1AGARGRARTEI e, PROBRSiIn RAEHzaton talayaiqbyacwding o
any one of claims 3 to 5, wherein in Formula [1], at least one of R1, R2,
Sul RYTHTRE 7 8 H)ArcEamB Pyrotibt Y OBRE ofefiR olyrieny aion epalysta
%b) according 20 to any one of claims 3 to 5, wherein the component (C)
P RO BRI BxEEBHPBINaRE ) 8l The dléMepdlymesization a
. _catalyst (b) according to any one of claims 4 to 7, wherein the solid carrier
21T M4 Y802 5 YBrétts Bxitié f8 M Bratess for producing olefin polymers,
comprising polymgrizing one or more monomers selected from ethylene
and 5 C3=%0 oldfins in the presence of the olefin polymerization catalyst
described|in any{one of claims 2 to 8, wherein at least

D C C H e [2]
RB R‘IG

Rﬁ R'FS

C—E—C—H

R15 R7 Rg
bl

fl?s ém +14]
=3 R'fﬁ R'IS
S
R
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one of the monomers is ethylene or propylene. 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 descg%&d in any one of claims 2to 8. 15
11. An ethylene polymer (i) which is'0btained 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 following requirements [1] to [5] at the same time:
201 It flow xate (MFR) as measured at 190C under a load of 2.16
kghe th&aneR 0.1 to 100 g/10 min; [2] the density (d) is in the range
of &§75 to 9¥0 kg/m3; [3] the ratio [MT/,1* (g/P) ] is in the range of 1.50 x
10-4 to 9.Qé x 10-4 wherejn [MT (g)] is the melt tension at 190C 300 and
TIPS “viscosity at 200C and an angular velocity of 1.0
ra:léec; [41 per 1%;) carbon atoms, the total of methyl branches [A
(1189962) fpranches [B (/1000 C) ], [(A + B) (/1000 5 C)], is not
mdre than' }.8 actdrding to 73C-NMR; {54 tﬁejzero-shear viscosity at 200C
[r) (P)] and the weight average molecular weight (Mw) measured by
GPC- viscometry (GPC-VISCO) satisfy Equation (Eg-i) below:
0. O%J%) )% %SQp <4,5X10-13xMW3.4 ----- (Eg-1) 10

T
T

RIT R R™ ... . (77

wherein R’ to 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, but they are
not aryl groups; D and E are each a divalent heterocatom; G and
L are each a trivalent hetercatom; and T ard W are each a

tetravalent heteroatom 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 gselected from the

group consisting of:
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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 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/TI* (g/P) ] is in the range of
2.500€16-Y4 20 &=000=t 20 Uiwhereip MEdg)] ietheemeti terbiDy atd90G ae
and [flt (P)] is the shear viscosity at 200C and an angular velocity of 1.0
[13ha/sbE2 (4] peel 1606 Laksskoatoms, the total of methyl branches 301 [A
(/2000 C)] and ethyl branches [B (/1000 C)], [(A + B) (/1000 C)], is not
moré ®tah 1 Sraaerdihyte 18C-NNR; (Shthe urts sheardviscosity at 200C
[i10 (P)] and the weight average molecular weight (Mw) measured by 5

GPC9istbrrempGRAESVISE 0 rextisfy Eluatiohd Erphpbelews: Q0O form
13XMW3.4=g0 4,50X1013x W3,4 --- (Eq-I) [6] a molecular weight

all distibBfén turve obtained by GPC shows a molecular weight at a
maximum weight fraction (peak top M) in the range of 1.0 x 10430 to 1.0

R X 1&.11;&]@. bﬁg ethyg]ne lymer (iii) which ds_obtained by
) Jgol ing eghyleng o Qlymériiing eth Iéné?nd a C4-20 olefin
in the presence of the olefin polymerization catalyst
wherein R? and R® are each a C1l-15 hydrocarbon group anad

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

O<ms3, 0<n<3, 0<p<3, 0<g<3 and m + n + P+ q = 3;

Mf ALRe, v e[12]

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

group;
R* M°R", X, - :[13]

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

are the same or different from each other; MP is selected from

Mg, 2Zn and Cd; X is a halogen atom; O<r<2, 0<8<1, 0<t<l and r

+ 8 + £t = 2.

3. An olefin polymerization catalyst (b) comprising

the following components (&), (B) and (C):

Component (A): the bridged metallocene compound of
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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 the range of 0.1 to 100
g/10 min; [2] the density (d) is in the_range of 875 to 936 kg/m3; [3] the
ratio [MT/rl" (g/P)] is in the range 0250 x 10-4 20 to 9.00 x 10-4 wherein
[MT (g)] is the melt tension at 190C and [ij° (P)] is the shear viscosity at
200C and an angular velocity of 1.0 rad/sec; [4] per 1000 carbon atoms,
Formyédotalof MERHT bRFRENhEE 3022 [44(/3000 C)] and ethyl branches [B
(/2000 C)], [(A + B) (/2000 C)], is not more than 1.8 according to
13ENWAR 3} the Béro-sh & hASsdithat 2680 $58 P ABHE Aweight
average molecular weight (Mw)J measured by 5 GPC-viscometry
%uaﬁ% (E§SH) Plow: O,0IXIO
r3axMw3.4=00_450x10 13xMw3.4 (Eg-1) [6] a molecular weight
distribygion oye obtained by GPC shows a molecular weight at a
maxi eight fraction (peak top M) in the range of 1.0 x 104’20 to 1.0
X 104. 14. An ethylene polymer (iv) which is obtained by
pﬁl%mr ene and a C3-20 olefin in the presence of the olefin
polymerigzatign catalyst described in any one of claims 3 to 8 and which
satisfied the followidg requirements 15 [1] to [5] at the same time: [1] the
ratio [I\@2 )I% in the range of 0.30 to 1.00

R2® o24 c e [14]

wherein 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—contéining groups,
phosphon_ﬁu&»containing groups, silicon-containing groups,
germanium-containing groups and tin-containing groups and are
the same or different from one another; neighboring substituent
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

gelected from a titanium atom, a zirconium atom and a hafnium

atom; and X independently at each occurrence is a group selected



wherein [M3.4 (mol%) ] is the content of C3-4 a-olefins and [M3_10
(mol%) ] is the content of C3-10 a-olefins according to 13C-NMR; [2] the
melt flow rate (MFR) as measured at 190C under 20 a load of 2.16 kg is
in the range of 0.1 to 100 g/10 min; E? the density (d) is in the range of
875 to 970 kg/m3; [4] the ratio [MT? * (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 303 and
['l" (P)] is the shear viscosity at 200C and an angular velocity of 1.0

EroBdmety BT agereatsiear bistosigna2006G [rhe (RN sedBe Weight o
‘average molecular weight (Mw) measured by 5 GPC-viscometry ’
halegan goeo) saiisly Byuatios (Eqaﬂ)metmmzcﬁ;atélﬁziﬁﬁ&(lwﬁ%ﬁ Q
~4.50X10"r3xMw3.4 (r) (Eq l) 15. A shaped article obtained from the
OxxﬂﬁﬁeﬁémﬁmﬁwémgesnmbadanamykﬂuzokﬁﬁﬁE&ﬁh&h§4§ggg5§{he
~ shaped article according to claim 15, which is a film.
nitrogen-containing groups and.phosphorus—containing groups;

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

group consisting of:

(c-1) organometallic compounds represented by Formulae
[18], [19] and [20] belowf

(c-2) organcaluminum oxy-compounds; and

10 (c-4) compounds that react with the components (A) and

(B) to form an ion pair;

R*, AL (OR®), H, ¥, v+« 18]

wherein R® and R® are each a Cl~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, 0sg<3 and m + n + p + g = 3;
]
M A1R34 3956[19]

a a i3 »
wherein M* is Li, Na or K; and R® is a C1-15 hydrocarbon

group;
R:,MPR®, X, v :]20]

: b
20 wherein R* and R® are each a C1-15 hydrocarbon group and

are the same or different from each other; M® isg selected from



10

15

20

298

Mg, Zn and Cd; X is a halogen atom; 0<r<2, 0<s<1l, 0£tsl and r

+ 8 + £ = 2.

4. The olefin polymerization catalyst (b) according
to claim 3, which cémprises a solid catalyst component (X1}
comprising a solid carrier (8), the component (C) and the
component (A), and a solid catalyst component (K2) comprising

a solid carrier (S), the component {(C) and the component (B).

5.  The olefin polymerization catalyst (b} according
to claim 3, which comprises a solid catalyst component (K3)
comprising a solid carrier (S), the component (A), the component

{R} and the component {(C).

6. The olefin polymerization catalyst (b) according
to any ohe of claims 3 to 5, wherein in Formula [1], at least

one of R, R?, R® and R* is a hydrocarbon group.

7. The olefin polymerization catalyst (b} according
to any one of claims 3 to 5, wherein the component (C} is an

organcaluminum oxy-compound (c-2).

8. The olefin polymerization catalyst (b) according

to any one of claims 4 to 7, wherein the solid carrier (8) is
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a porous oxide.

9. Aprocessforproducingolefinpolymers,com@rising
polymerizing one or more monomers selected from ethylene and
C3-20 olefins in the presence of the olefin polymerization
catalyst described in any one of claims 2 to 8, wherein at least

one of the monomers is ethylene or pPropylene.

10. A process for producing ethylene polymers,
comprising homopolymerizing ethylene or copolymerizing
ethylene and a C3-20 olefin iﬁ the presence of the olefin
polymerization catal?st described in any one of claims 2 to

8.

11. An ethylene polymer (i) 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_tha
following requirements [1] to [5] at the same time:

(1] thé melt flow rate (MFR) as measured at 190°C under
& 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/m* (g/P)] is in the range of 1.50 x 10-*

to 9.00 x 107" wherein [MT (g)] is the melt tension at 190°C
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and [n* (P)] is the shear wviscosity 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)], [(A + B) (/1000
C)], is not more than 1.8 according to **C-NMR;

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

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

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
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/R" (g/P)] is in the range of 2.50 x 107*
to 9.00 x 10°% wherein [MT (g)] is the melt tension at 190°C
and [n° (P)1 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)1, [(A + B) (/1000
C)], is not more than 1.8 according to 3C-NMR;

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

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

00110 Sy S4 504000 R

[el a molecular weight distribution curve obtained by GPC
shows a molecular weight at a maximum weight fraction (peak

top M) in the range of 1.0 x 103 to 1.0 x 10%5°,

13. An ethylene polymer (iii) which is obtained by
homopolymerizing ethylene or polymerizing ethylene and a C4-20
olefin in the presence of the olefin pclymerization catalyst
described in any one of claims 3 to 8 and which satisfies the
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/n" (g/P)] is in the range of 2.50 x 10°*
to 9.00 x 10™* 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}]1, [(A + B) (/1000
C)], is not more than 1.8 according to C-NMR;

[5] the zero-shear visgcosity at 200°C [ny (P)] and the
weight average molecular weight (Mw) measured by

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

0.01x10™ XM S0 450010 ™ — -1

[6] a molecular weight distribution curve cbtained by GPC
shows a molecular weight at a maximum weight fraction (peak

top M) in the range of 1.0 x 20*?% to 1.0 x 10%°°,

1l4. An ethvlene polymer (iv) which is obtained 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
(2] to [5] at the same time:

[1] the ratio [Mi.4/Mi.1p] i in the range of 0.30 to 1.00
wherein [M;., (mol%)] is the content of C23-4 a-olefins and [Ms.10
(mol%)] is the content of C3-10 o-~olefins according to **C-NMR;

2] 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;

[3] the density (d) is in the range of 875 to 970 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 [ (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

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

00110 ™ o S 3010 Mt - B

15. A shaped article obtained from the ethylene polymer

described in any one of claims 9 to 14.

16. The shaped article according to ¢laim 15, which is

a film.



