METALLOCENE COMPOUND, CATALYST COMPOSITION COMPRISING THE SAME, AND AN
OLEFINIC POLYMER PRODUCED USING THE SAME 5[TECHNICAL FIELD] The present
invention relates to a novel metallocene compound, a catalyst composition comprising the same, and an
olefinic polymer prepared by using the same. This application claims priority to and the benefit of Korean
Patent 10 Applications 10-2009-0070574 and 10-2010-0072934 filed in the Korean Intellectual Property
Office on July 31, 2009 and JuIéZS 2010, re(i&ectivel , the entire content of which is incorporated herein

by reference. [BACKGMBUN{B' ﬁﬁﬁ‘BowCﬁ) 8&@ ted[lﬁ@fﬁhM@ICS)l\ﬁgM?%T
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ethylene and a- M@gﬂﬂgly summarized into two ways as follows: (1) it shows high activity even
in high polymerization temperature and forms a polymer of high molecular weight, 20 (2) the
copolymerizing ability of a-olefin such as 1-hexene and 1-octene which have large steric hindrance is also
very excellent. As various characteristics in the polymerization reaction of the CGC became gradually
known, there haye pesiimanyreifors to synthesize derivatives of the same for using it as a
polymerization catalyst in the academic world and the industrial world. Group 4 transition metal

compound which has qm%%r@ggrqyglggﬁ%di@megr%% aplhe “g@gqo@@ﬂ@ecbl%@%g gatalyst for

olefin polymerization by activating the same with methylaluminoxane or a boron compound. Such catalyst
shows unique chiasageostpsodarireshtionah§4eioientdatiadcatabistierns fesigedpared Bpmely, the
polymer obtained by using such catalyst has narrow molecular weight distribution and more good
reactivity to thessogticereamemer such as a-olefin or cycloolefin, and the second monomer distribution in
the polymer is even. Furthermore, it is possible to control the stereoselectivity of 10 the polymer in the
polymerization of a-olefinshyaphligajing ttlaimsberiemélit of tirdcietopentidiaiyligeaan inateatmetallocene
catalyst, and when copolymerizing ethylene and other olefins, the degree of copolymerization, the

molecular WeigPRIf@#ABSHidRBUARSPBY e 4e88Hd Mot A8t dirdly iBorlfi®IIE@r##8anwhile, since
the metallocene cat%g/st IS more eggfe_nsive than_15 Zeigler-Natta ca:%i/st, it must have égéood activity for

RARLE 0BG SALRGIS o UM de ORT AU e? Sttet s SR PAEUM adeof that the

its economic vafté!
polymer mcludlglc_h,ar e onEer?th{.the second monomer.can be obtained by using only small amount of

the second monomer, %S%Heoresull%] {Rat me noyraresearc 'grsyhg&%r% Udied various catalysts, it is
[BACKGROUND ART]
Dow Co. had presented [Me2Si(Me4Cs)NtBu]TiCl»

15 (Constrained-Geometry Catalyst, hereinafter ‘CGC’) in the early 1990’s (US
Patent No. 5,064,802), the superior aspects of the CGC to prior known
metallocene catalysts in copolymerization reaction of ethylene and a-olefin can
be largely summarized into two ways as follows: (1) it shows high activity even in
high polymerization temperature and forms a polymer of high molecular weight,

20  (2) the copolymerizing ability of a-olefin such as 1-hexene and 1-octene which
have large steric hindrance is also very excellent. As various characteristics in
the polymerization reaction of the CGC became gradually known, there have
been many efforts to synthesize derivatives of the same for using it as a
polymerization catalyst in the academic world and the industrial world.
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20 proved that generally a bridged catalyst has good reactivity to the second monomer. The bridged
catalyst developed until now can be classified into three types according the type of the bridge. The first
type is the catalyst of which two cyclopentadienyl ligands are connected with an alkylene dibridge by the
reaction of an electrophile like an alkyl halide and indene or fluorene, the second type of the
silicone-bridged catalyst of which the ligands are connected with -S R2-, and the third type is the
methylene-bridged catalyst which is obtained by the reaction of fulvene and indene or fluorene.

However, very few catSi{R{® hdve FRI88In g% lieBAMRRHBHce RIS o RR e rRE fallori¥®among above
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represented by following Chemical Formula 1: [Chemical Formula 1] R4R5
.,X1 RO--/siIN/Izeigler-Natta catalyst cannot realize.

Namely, the polymer obtained by using such catalyst has narrow

10

20

molecular weight distribution and more good reactivity to the second monomer
such as a-olefin or cycloolefin, and the second monomer distribution in the
polymer is even. Furthermore, it is possible to control the stereoselectivity of
the polymer in the polymerization of a-olefin by changing the substituent of the
cyclopentadienyl ligand in the metallocene catalyst, and when copolymerizing
ethylene and other olefins, the degree of copolymerization, the molecular weight,
and the distribution of the second monomer can be easily controlled.

Meanwhile, since the metallocene catalyst is more expensive than
Zeigler-Natta catalyst, it must have good activity for its economic value. If it has
good reactivity to the second monomer, there is an advantage of that the
polymer including large content of the second monomer can be obtained by
using only small amount of the second monomer.

As the results that many researchers have studied various catalysts, it is
proved that generally a bridged catalyst has good reactivity to the second
monomer. The bridged catalyst developed until now can be classified into
three types according the type of the bridge. The first type is the catalyst of
which two cyclopentadienyl ligands are connected with an alkylene dibridge by

the reaction of an electrophile like an alkyl halide and indene or fluorene, the



A-D-L-- . X2\ wherein, R1 to R17 are same or different each other, and are independently hydrogen,
a halogen, a C1 - C20 alkyl group, a C2 " C20 alkenyl group, a C6 "™ C20 aryl group, a C7 - C20 alkylaryl
group, or a C7 - C20 arylalkyl group, 5L is a C1 - C10 linear or branched alkylene group, D is OSN(R)-, or
-Si(R)(R")-, wherein R and R are same or different each other, and are independently hydrogen, a
halogen, a C1 - C20 alkyl group, a C2 "™ C20 alkenyl group, or a C6 ™ C20 aryl group, A is hydrogen, a

halogen, a C1 - C20 alkyl group, a C2 "™ C20 alkenyl 10 group, a C6 ™ C20 aryl group, a C7 - C20
alkylaryl group, CaEAPE R K58 |Hos Eqatatysh %@9@?6%‘93@2 are SONIREKIKy! group, a

2 are, same of BieshFeat otier, GG dYEniopeh AR Tt A SUE . S35 M aroup, a G2
C20 alkenyl groyn..a &]60?, %é%%é{ﬁ%qg&ﬁméﬂg%%%geﬁ@ _ﬁﬂ%g&{&up, a C1 - C20 alkylsilyl group, a

C1 - C20 alkoxy group, or a ulfonate group. e present invention also provides a catalyst

composition comprising s VBetaliggens cempsRdn20d rlf'e@_ﬁ‘?%%mrdnéfﬁﬁﬁm RISprRequides a method of
0

preparing an olefinic polymer comprising the step of polymerizing olefinic monomers in the presence of

the catalystcorgppsiiiitial facthieedelalineendeoep@eRthaccardinghie theepisepatafvansen and the
catalyst composition comprising the same can be used when producing olefinic
catalyst showing more improved polymerization performance is still required.

[SUMMARY OF THE INVENTION]

It is an aspect of the present invention to provide a metallocene
compound which has superior copolymerizing ability and can form an olefinic
10  polymer having high molecular weight, a catalyst composition comprising the
same, and a method of preparing an olefinic polymer by using the same.
The present invention provides a metallocene compound represented by
following Chemical Formula 1:

[Chemical Formula 1]

. R1 R8 R7




polymers, have outstanding copolymerisation properties, and can produce olefinic polymers of high
molecular weight. In particular, when the metallocene compound according to the present invention is
employed, highly heat resistant block copolymers can be produced, and olefinic polymers can be
produced 5 which have a high melting point (Tm) even if the comonomer content is increased when
producing the olefinic polymer. [BRIEF DESCRIPTION OF THE DRAWINGS] Fig. 1 represents 1H
NMR result of the metallocene compound prepared according to Preparation Example 1 of the present
invention. 10Fig. 2 rep%ﬁtg’DSC result of the ethylene/a-olefin polymer prepared according to Example

1 of the present inventjon. [D ILED DESCRIPTION OF THE EMBODIMENTS] Hereinafter, the present
invention is explained H{]mt([frglgtﬂ.eﬁ%e?ﬁaﬁ' f(%%%t ceoq’%ocfmﬁra@@ 0%% {rcﬁ ° fiﬁft invention is

150haracterizeg1ﬁg$r?%dt 'g,Hﬁ@gﬁ&%{gﬁ@pg@@wEcaa}gl;lqg%%lglI}e@@%y ghagpqe e compound of

. y 20
the present inv esu emi m more ically Sxp ained as follows.

The C1-C20 agfyl §roup Bay bq;lgpg%,%rr?hr@%%ggraé@g gr@gga@};pg@p%ggmny methyl group, ethyl
group, propyl group, isopropyl group, n-butyl 20group, tert-butyl group, pentyl group, hexyl group, heptyl

group, octykgroup, and ig&lke O\ eNesr bidraichvdetkiteiegrtoup, The C2 C20 alkenyl group may be
linear or branched alkenyl group, and specifically allyl group, ethenyl group, propenyl group, butenyl
group, pentenyl group Cansl te, like;, howayeroit iSiiBY (RhitedbertdienR and R' are same or
different each other, and are independently hydrogen, a halogen, a Ci ~ Cy
alkyl group, a Cz ~ Cyg alkenyl group, or a Cg ~ Co aryl group,
A is hydrogen, a halogen, a C; ~ Cy alkyl group, a C, ~ Gy alkenyl
10 group, a Gg ~ Cy aryl group, a C; ~ Cy alkylaryl group, or a C7 ~ Cy arylalkyl
group, a Cy ~ Cy alkoxy group, a Cp ~ Cpo alkoxyalkyl group, a Cz ~ Cy
heterocycloalkyl group, or a Cs ~ Gy heteroaryl group,
M is a group 4 transition metal,
X1 and X2 are, same or different each other, and are independently a
15  halogen, a Ci ~ Cy alkyl group, a C> ~ Cy alkenyl group, a Cg ~ Co aryl group,
a nitro group, an amido group, a C; ~ Cy alkylsilyl group, a Cy ~ Czo alkoxy
group, or a Cy ~ Cy sulfonate group.
The present invention also provides a catalyst composition comprising
the metallocene compound.
20 The present invention also provides a method of preparing an olefinic
polymer comprising the step of polymerizing olefinic monomers in the presence
of the catalyst composition.

The metallocene compound according to the present invention and the

catalyst composition comprising the same can be used when producing olefinic



The C6 ™ C20 aryl group may be linear or branched aryl group, and specifically phenyl group, biphenyl
group, naphthyl group, phenanthrenyl group, fluorenyl group, and the like, however, it is not limited to
them. The C5 ™ C20 heteroaryl group may be a single ring heteroaryl group or a 5 condensed ring
heteroaryl group, and specifically carbazolyl group, pyridyl group, quinoline group, isoquinoline group,
thiophenyl group, furanyl group, imidazole group, oxazolyl group, thiazolyl group, triazine group,
tetrahydropyranyl group, tetrahydrofuranyl group, and the like, however, it is not limited to them. The C1 -
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metallocene compound according to the present invention, it is 20 preferable that L in Chemical Formula

1is a C4 " £s lipgiah ohdyanghrididl kyiemey o i, TRYWE\&ert i 196 lisditeshintBEMoltarihesmore, the
alkylene group may be unsubstituted or substituted with a C1 - C20 alkyl group, a C2 ™ C20 alkenyl

group, or a C6 Thé&r2asaxyhdrew prédubiagrbatatetmiepadynmund according to the present invention, it is
preferable that A in Chemical Formula 1 is hydrogen, methyl group, ethyl group, propyl group, isopropyl
group, n-butyl grbBiB) EerBIRSEIR)FRTIONEIhDREIRAANINGSD) tert-butoxybutyl group, 1-ethoxyethyl group,
1-methyl-1-methoxyethyl group, tetrahydropyranyl group, or tetrahydrofuranyl group, however, it is not
5limited to them. THig. reprpsesentsviHeXMRplesaft thictheatadiatonenecropmenthdgpegseated Chemical
Formula 1 may be the compound of Chemical Formula 2, however, it is not limited to this.

according to Preparation Example 1 of the present invention.

10 Fig. 2 represents DSC result of the ethylene/a-olefin polymer prepared
according to Example 1 of the present invention.

[DETAILED DESCRIPTION OF THE EMBODIMENTS]

Hereinafter, the present invention is explained in more detail.
The methallecene compound according to the present invention is
15  characterized in that it is represented by above Chemical Formula 1.
In the metallocene compound of the present invention, the substitutents
of Chemical Formula 1 are more specifically explained as follows.
The Cy ~ Cy alkyl group may be linear or branched alkyl group, and
specifically methyl group, ethyl group, propyl group, isopropyl group, n-butyl
20  group, tert-butyl group, pentyl group, hexyl group, heptyl group, octyl group, and
the like, however, it is not limited to them.
The C, ~ Cy alkenyl group may be linear or branched alkenyl group, and
specifically allyl group, ethenyl group, propenyl group, butenyl group, pentenyl
group, and the like, however, it is not limited to them.

5



[Chemical Formula 2] 10 The preparation method of the metallocene compound according to the present
invention is concretely disclosed in the following Examples. The present invention also provides a
catalyst composition comprising the metallocene compound. 15The catalyst composition according to the
present invention may further comprise at least one co-catalysts represented by Chemical Formula 3,
Chemical Formula 4, or Chemical Formula 5: [Chemical Formula 3] JAI(R18)-0]- wherein, each R18 may
be same or different, and is independently a halogen; a  C1 - C20 hydrocargon; or a

halogen-substituted CT 50 Ry&rcaHoBr 4Ry rﬁﬁﬁsbﬁn'iH?@gﬁe?roP@B?r?ﬁSréﬁbﬂ@‘r'Pcaﬁ‘%rmula 4]

D(R18)3 specifically phenyl group, biphenyl group, naphthyl group, phenanthrenyl group,

fluorenyl group, and the like, however, it is not limited to them.
The Cs ~ Coo heteroaryl group may be a single ring heteroaryl group or a
5 condensed ring heteroaryl group, and specifically carbazolyl group, pyridyl group,
quinoline group, isoquinoline group, thiophenyl group, furanyl group, imidazole
group, oxazolyl group, thiazolyl group, triazine group, tetrahydropyranyl group,
tetrahydrofuranyl group, and the like, however, it is not limited to them.
The C; ~ Cy alkoxy group may be methoxy group, ethoxy group,
10 phenyloxy group, cyclohexyloxy group, and the like, however, it is not limited to
them.
The Group 4 transition metal may be titanium, zirconium, hafnium, and
the like, however, it is not limited to them.
In the metallocene compound according to the present invention, it is
15  preferable that R1 to R17 in Chemical Formula 1 are independently hydrogen,
methyl group, ethyl group, propyl group, isopropy! group, n-butyl group, tert-butyl
group, pentyl group, hexyl group, heptyl group, octyl group, or phenyl group,
however, it is not limited to them.
In the metallocene compound according to the present invention, it is
20  preferable that L in Chemical Formula 1 is a C4 ~ Cg linear or branched alkylene
group, however, it is not limited to them. Furthermore, the alkylene group may
be unsubstituted or substituted with a Cy ~ Cy alkyl group, a C, ~ Cyo alkenyl
group, or a Gg ~ Gy aryl group.

In the metallocene compound according to the present invention, it is



wherein, R18 is same as that in Chemical Formula 3; and 10D is aluminum or boron; [Chemical Formula
5] [L-H][ZA4f or [L][ZA4]- wherein, L is a neutral or cationic Lewis acid; 15H is hydrogen atom; Z is group
13 element; and each A may be same or different, and is independently a C6 "™ C20 aryl group or a
C1 - C20 alkyl group of which at least one hydrogen atom are unsubstituted or substituted with a halogen,
a C1 - C20 hydrocarbon, an alkoxy, 20 or phenoxy. Representative example of the compound of
Chemical Formula 3 may be methylaluminoxane, ethylaluminoxane, |sobutylalum|noxane

butylaluminoxaREETSRPERLS 4 %W@%@%%’érﬁ%@ﬂ&%%few rﬁé‘i‘Hﬂa‘FJMh%%lﬂe

Representative example of the ¢ und represen ed b | Formula 4 ma
ity talumin AT BSARLRRD WAL (ST GHoup. TetRekietny

tripropylalumi n':#}fbbrr% U{é{f" 9 Hﬁﬂcwoéﬂ% yé\rﬂ'?nmgroupsti meth -1-methoxyethyl

triisopropylalu tri-s-butylalumin trlcy opentyla npenty aluminum,

triisopentylaluminyin, Fhexyi@gsyianm. JHARLYIBluBiRTbrofuranyl group, however, it is not
5  limited to them.
The representative example of the metallocene compound represented
Chemical Formula 1 may be the compound of Chemical Formula 2, however, it
is not limited to this.

[Chemical Formula 2]

O\/\/\/\I
Si

10
The preparation method of the metallocene compound according to the
present invention is concretely disclosed in the following Examples.
The present invention also provides a catalyst composition comprising
the metallocene compound.
15 The catalyst composition according to the present invention may further

comprise at least one co-catalysts represented by Chemical Formula 3,
Chemical Formula 4, or Chemical Formula 5:

[Chemical Formula 3]



ethyldimethylaluminum, methyldiethylaluminum, triphenylaluminum, tri-p-tolylaluminum,
dimethylaluminum methoxide, dimethylaluminum ethoxide, trimethylboron, triethylboron, triisobutylboron,
tripropylboron, tributylboron, and the like, and more preferable compound may be selected from
10trimethylaluminum, triethylaluminum, and triisobutylaluminum. Representative example of the
compound of Chemical Formula 5 may be triethylammonium tetraphenylboron, tributylammonium,
trimethylammonium tetraphenylboron, tripropylammonium tetraphenylboron, trimethylammonium
tetra(p-tolyl)boron, trirﬁgfﬁﬁé manium tetra(o,p-dimethylphenyl)boron,

15tributylammoniumtetr %}-Uifluoromethylphenyl)boron,trimethylammonium

tetra(p-trifluoromethylp\ﬁ% I’)(laleoron,tributylammonium

tetrapentafluorophenylggéﬁrhl}lﬁljg%%ﬁélr?%ﬁi@i%mé?gquﬁs rnggoirr‘\dependentIy a halogen; a

N,N-diethylaniliniumtetrapenta ylboron,diethylammonium

tetrapentafluoraphenylbayarERgsHYHR ROsRBEBH BUsLRRAE Y Bo®I IRrocarbon; and

trimethylphosphoniumtetraphenylboron,triethylammonium

tetraphenylaluminum,trbybhameeprisnel aienylaluminum,
trimethylammoniumtetraphenylaluminum,tripropylammonium

tetraphenylaluminum,tfGhethidahfimoemilandgtra(p-tolyl)aluminum,
tripropylammoniumtetra(p-tolyl)aluminum,triethylammonium
tetra(o,p-dimethylphenlRid&hinum,tributylammonium
tetra(p-trifluoromethylphenyl)aluminum,trimethylammonium
tetra(p-trifluoromethylpMe@RAYAIUMinum, tributylammonium

R18 is same as that in Chemical Formula 3; and
10 D is aluminum or boron;
[Chemical Formula 5]
[L-HI'[ZA4] or [LT'[ZA4]
wherein,
L is a neutral or cationic Lewis acid;
15 H is hydrogen atom;
Zis group 13 element; and
each A may be same or different, and is independently a C¢ ~ Cy aryl
group or a C; ~ Cy alkyl group of which at least one hydrogen atom are
unsubstituted or substituted with a halogen, a Cy ~ Cx hydrocarbon, an alkoxy,
20 or phenoxy.
Representative example of the compound of Chemical Formula 3 may
be methylaluminoxane, ethylaluminoxane, isobutylaluminoxane,
butylaluminoxane, and the like, and more preferable compound may be

methylaluminoxane.



tetrapentafluorophenylaluminum, N,N-diethylanilinium tetraphenylaluminum, 5 N,N-diethylanilinium
tetrapentafluorophenylaluminum, diethylammonium tetrapentatetraphenylaluminum,
triphenylphosphonium tetraphenylaluminum, trimethylphosphonium tetraphenylaluminum,
tripropylammonium tetra(p-tolyl)boron,triethylammoniumtetra(o,p-dimethylphenyl)boron,
tributylammoniumtetra(p-trifluoromethylphenyl)boron,triphenylcarbonium 10
tetra(p-trifluoromethylphenyl)boron, triphenylcarbonium tetrapentafluorophf%ra/lboron, and the like.

The catalyst compositiBRREEERIFY o THRTREQht iRGFRIBRIHAY veRsFSEARd BY tH#RIERdd comprising
the st fl tacting th talloy d ted by C ical £ la 1 with th
Compound repr6CBAILg To b7 CREN AP S B CHENEAL UM ie e SERRING B mixture: and 2)
ading the compayIBRIGREHIST DY ChpGRBRIIAD 1 e Wi ARSI

Furthermore, the catalyst compdsition accordirig to the présent invention e prepared by the method

of contacting thg: fRppPound 2¢.r |W hemical; ith i ompound
represented by%%ﬁﬁﬁi@?@%ﬁmula 3, as the? Isggjnd r%ethrg%ﬁg In %¥égﬁmi Ié\gju@f@ﬁra%aring the
catalyst composifintfReumrienatieriaidbentprialesane cemeauadisiesentrtiachtmieal Formula 1/
the compound represented by Chemical Formula 3 or Chemical Formula 4 is preferably 1/5,000 - 1/2,
more preferablyehlidif@th§/ddramehstill morenptiefitietity | Aim0thurh/20. Wheptbeymbimiratio, of the
metallocene compound represented by Chemical Formula 1 / the compound represented by Chemical
Formula 3 or Chémichll Homiuang rmeigetalbiannut?, theifeoidde pditieltyfldnzinugnashalkigating agent is
very small in quantity and the metal compound is not completely alkylated, and when the mole ratio is
lesser than 1/5,00tetthébananatiittitRECHrtiFeBHIBAIRNIsIHREMY PREMR JRK HHRPECRS &Pfoblem of that
the alkylated metal compound is not completely activated due to the side reaction between the remaining
excess alkylatiff&gdlfand e dB8RoPHR 8 FREMPRYMhuR®Y FithefREECthe 98k ratio of the
metalloceqs com%owq{%esentﬁge I%@emical Formula %/ trll?e\ comgrcr)]und represented by Chemical

Formula 5'is pre era IX/ | Ir1L11[1,1’rnore r é?éﬂ:%l{?:t?ﬂ?n}r '?%nLgys RO preferably 1/5 - 1. When the mole

ratio of the metallocengggmg @Bﬁ%ﬁ&%f%&@gmm{a%%%%(&1%‘? QLgl%ra%Presented by

Chemical 15 Formula 5 is larger than 1, there Is a problem of that the activity of the prepared catalyst

composition is ggteriokdiachRRGAUE EIRBSENASS ST ehasiys iy smBhilhaurRith R Retal compound is
not completely activated, and when the mole ratio is lesser than 1/25, the activation of the metal
compound is cagigptelyiseemplisieddyldrinesaiisa peplishenfitossnne ieasdtaf armatalyst 20
composition is not economical or the purity of the polymer prepared by using the same is decreased due
to the remainintetratedsidiibmator.  trimeihglascoodiumethodtefrpfepadinge thdpdaaysiocomposition, the
mole ratio of the metallocene compound represented by Chemical Formula 1 / the compound represented
by Chemidal Fdfiuld@ngprédatablyetra®aatuommethylphenyl)boron,  trimethylammonium

tetra(p-trifluoromethylphenyl)boron, tributylammonium
tetrapentafluorophenylboron, N,N-diethylanilinium tetraphenylboron,
N,N-diethylanilinium tetrapentafluorophenylboron, diethylammonium
tetrapentafluorophenylboron, triphenylphosphonium tetraphenylboron,
20  trimethylphosphonium tetraphenylboron, triethylammonium
tetraphenylaluminum, tributylammonium tetraphenylaluminum,
trimethylammonium tetraphenylaluminum, tripropylammonium
tetraphenylaluminum, trimethylammonium tetra(p-tolyl)aluminum,
tripropylammonium tetra(p-tolyl)aluminum, triethylammonium



more preferably 1/5,000 - 1/100, and still more preferably 1/3,000 - 1/500. When the mole ratio is larger
than 1/10, there is a problem of that the activity of the prepared catalyst composition is deteriorated
because the activator is relatively small in quantity and the metal compound is not completely activated,
5 and when the mole ratio is lesser than 1/10,000, the activation of the metal compound is completely
accomplished but there is a problem of that the cost of the catalyst composition is not economical or the
purity of the polymer prepared by using the same is decreased due to the remaining excess activator. As

the reaction solf&FR{FP PBIHPHENERYHAETN Y SBmposition, a 10 hydrocar&HBOARRCSIIA as pentane,

hexane, heptane, and the like, or an aromatic solvent such as benzene, foluene, and the like may be
used. Furtherm é?%‘é&ﬁé‘iﬁéﬂ%@&ﬁ&ﬂ%ﬂ%'ﬁ%whe co-catalyst may E@‘&é@éﬁﬂ‘%%%% of that they

are supported qgt%&%ﬁﬂg‘?ﬂr@gtﬁg'gh en%ﬁlpﬁﬁ'?ﬁﬁﬁm invention also provim%%mggig%preparing an

olefinic 15 polymer tep olymerizing olefinic monomers in the presence of the catalyst

composition. e dheRIRRASALAPIAMFHAASHOS the Qlefinis RAlMERACTdINGIR g RigsaNt invention,

specific example of the olefinic monomer may be ethylene, propylene, 1-butene, 1-pentene,
4-methyl-1-pentenedibthgrenmidrheptesgapddtifReioppehyliacaiituh;undeseng andasiacene,
1-tetradecene, 1-hexadecene, 1-eicosene, and the like, it is also possible to copolymerize two or more
monomers amasgdpentalstrapkiemelalumifine, olefiphe pyhmep e piteferablyaphestyiglenadarolefin copolymer,
however, it is not limited to this. In the case of that the olefinic polymer is the ethylene/a-olefin
copolymer, the tonegntpfesphefitiya comondaigphengalimitednparticularlyipaerylameypheradequately
selected according to the use or purpose of the olefinic polymer. More specifically, it may from over 0

mole% to 99 mEEHPSFHERABNene/a-BiEHH EHHHRMER may BeteatARtARSERYGNRIYIRSr @dmprising two or

more segments Qr blocks of which chemical or physical characteristics are different.  In order to
prepare the mullfAEA¥ER8IYMer, dSHRME 'Hfgj[%ﬂ?érw\lfbh(gpmgfgﬁlffereﬁﬂi‘ﬁﬂ%’iﬁ%@%@fﬁpysts and a

chain shut}léng ?qugtgl as been lﬂnoyvnelﬂ}(b%cghe past. But, the method ha§rlar%rr(1) Ierrb(o);].that the process is

complicate beCauss it UL umseeq Q6O different transition catalysts CRAIN S'Hmtling agent of a

specific compo gai&emﬁff&r Bcj:%%?gbgﬁc}neawmg%}i copolymer, and the processibility is inferior
IS 0

because the molecular weight ribution (Mw/Mn) of the prepared multi-block copolymer is about 2.0,
very 15narrow.  Howevalidis: Eespisiivenbigi itirgaiaciasizaddarhatibsielelindgased block

copolymer can be simply prepared because it uses a single metallocene compound as the polymerization

catalyst withoutgispagdti e ¢haérsbHeingorgeisingURbeanmss &fthe quepared ahefinictandyerey is
characterized in that it can have
compound represented by Chemical Formula 1 with the compound represented
15 by Chemical Formula 3 or Chemical Formula 4 and obtaining a mixture; and 2)
adding the compound represented by Chemical Formula 5 into the mixture, as
the first method.
Furthermore, the catalyst composition according to the present invention
may be prepared by the method of contacting the metallocene compound
20 represented by Chemical Formula 1 with the compound represented by
Chemical Formula 3, as the second method.
In the first method of preparing the catalyst composition, the mole ratio of

the metallocene compound represented by Chemical Formula 1 / the

compound represented by Chemical Formula 3 or Chemical Formula 4 is

10



20 wide molecular weight distribution (Mw/Mn) and thus its processibility is excellent. The present
invention provides an olefinic block copolymer prepared according to the method disclosed above.
Furthermore, the present invention provides an olefinic block copolymer, preferably an ethylene/a-olefin
block copolymer, of which the melting temperature (Tm) is 1000 or more. In the present invention,
the molecular weight distribution (Mw/Mn) of the olefinic polymer is preferably 2 or more, and more
preferably 2.5 or more, however, it is not limited to this. 5In the present invention, the weight average

molecular Welghi'?(?’?‘ﬁ%vﬁa thidR¥hic pBRM1BPIRaD B EB0 /5 9, 0od/ %d%fé bPEH00 -
1,000,000, h t t thi The d t ft lefi be, 0.85g/cm3
0'92gicm3, and BrERIADH Sy ero SUNERATSHRE BURSL PyHr TG B HE prosont

tion h | ity of th
I;;]c\)ll()e/nmItfrnwha(lasnarnre s%r%qpégtéggﬁe i %%%%Fﬁ%gﬁth[@sr%g%%wé e%%mg%szad ﬁ;’ % éf¥n?c poelymer
is preferably 1008,0601978 Hrespesidse derdhe Q‘%QSI’QBQIQF m&rp?/l!”iﬁéré‘@é"ﬁ?%@ﬁ%f gidy 1050 - 1350,

however, it is not 15limited to this. In general ethylene/a-olefin block copolymer, as the content of

comonomes in tha<CARGIMie KissrARETei/SERWS i Quslengyarlithad Wetdeosiipeiitaeiserplymer and the

melting point decrease. However, the olefinic copolymer according to the present invention can show the
melting point of 20rplefety mikyaimd:namitheheasehef msingdie comestotitha cofmodentae and thus the
polymer has not only thermal resistance but also superior mechanical strength. Therefore, the olefinic
polymer accordiagueation ofdbern aigeecnippdsnsijserinoimphighathbu thetienises piebleamicialhetrength,
processibility, and the like, and thus the olefinic polymer can be applied variously according to its use.

Hereinafter, the B?@s%'hyll@i\?@'nﬂﬂﬂaéréﬁ?m%%f@rd!ﬂé exEwistel fCtiNAar sty tRetpesisit invention.

However, following exam les are only for understanding the present invention, and the range of the
present |nvent|oﬁe|§0 ion between the ’remaining excess alkylating agent and the activator of

10 Chemical Formula 5. Furthermore, the mole ratio of the metallocene
compound represented by Chemical Formula 1 / the compound represented by
Chemical Formula 5 is preferably 1/25 ~ 1, more preferably 1/10 ~ 1, and still
more preferably 1/5 ~ 1. When the mole ratio of the metallocene compound
represented by Chemical Formula 1 / the compound represented by Chemical

15 Formula 5 is larger than 1, there is a problem of that the activity of the prepared
catalyst composition is deteriorated because the activator is relatively small in
quantity and the metal compound is not completely activated, and when the
mole ratio is lesser than 1/25, the activation of the metal compound is
completely accomplished but there is a problem of that the cost of the catalyst

20 composition is not economical or the purity of the polymer prepared by using
the same is decreased due to the remaining excess activator.

In the second method of preparing the catalyst composition, the mole
ratio of the metallocene compound represented by Chemical Formula 1 / the

compound represented by Chemical Formula 3 is preferably 1/10,000 ~ 1/10,

11



5not limited to or by them. <Examples> <Preparation Example 1> 10 1) Preparation of Ligand Compound
nBuLiH3ci >-- >- MI-BE/Hexane MTBE/Hexane -20'C-30t 1.0 mole of tert-Bu-0-(CH2)6MgC1
solution which is a Grignard reagent was obtained from the reaction between tert-Bu-O-(CH2)6C1
compound and 15 Mg(0) in the presence of THE solvent. Tert-Bu-0-(CH2)6SiMeCI2 (yield of 92%) was
obtained by adding the prepared Grignard reagent into a flask in which MeSiCI3 compound (176.1mL,
1.5mol) and THE (2.0mL) of -30D were, stirring the solution for 8 hours or more at room temperature, and

filtering and vaclRif BFFHSEAET% J6RARM. 2d At iR RILingrGoRrRisrads ! /Sdtfthar) ! f%%ne (100mL),
and MTBE(methyl teri-butyl ether, 1.2mL, 10mmol).into a reactor at -200, of n-BuLi (2.5M in
Fexane) was SO AHAHUAHCAIR &3 HeL LR QuL e PP S TBTs AR BT Befire. Afer he
g e S R A e g e o
e A B PRI M SRR e came
by adding watepagdvpeapgiatingéheselvenssibe mHciure, 0btgans wam swisnaddyhetal
compound is completely accomplished but there is a problem of that the cost of
the catalyst composition is not economical or the purity of the polymer prepared
by using the same is decreased due to the remaining excess activator.
As the reaction solvent for preparing the catalyst composition, a
10  hydrocarbon solvent such as pentane, hexane, heptane, and the like, or an
aromatic solvent such as benzene, toluene, and the like may be used.
Furthermore, the metallocene compound and the co-catalyst may be used in the
form of that they are supported on silica or alumina.
The present invention also provides a method of preparing an olefinic
15  polymer comprising the step of polymerizing olefinic monomers in the presence
of the catalyst composition.
In the preparation method of the olefinic polymer according to the
present invention, specific example of the olefinic monomer may be ethylene,
propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-heptene,
20  1-octene, 1-decene, 1-undecene, 1-dodecene, 1-tetradecene, 1-hexadecene,
1-eicosene, and the like, it is also possible to copolymerize two or more
monomers among them by mixture.

The olefinic polymer is preferably an ethylene/a-olefin copolymer,

however, it is not limited to this.

12



10 1H-NMR. 1H NMR(500MHz, CDC13) : -0.35 (MeSi, 3H, s), 0.26 (Si-CH2, 2H, m), 0.58
(CH2, 2H, m), 0.95 (CH2, 4H, m), 1.17(tert-BuO, 9H, s), 1.29(CH2, 2H, m), 3.21(tert-BuO-CH2, 2H, 1),
4.10(Flu-9H, 2H, s), 7.25(Flu-H, 4H, m), 7.35(Flu-H, 4H, m), 7.40(Flu-H, 4H, m), 7.85(Flu-H, 4H, d). 15 2)
Preparation of Methallocene Compound nati /MTBEI-201 '\ 0 Z,C14(THF)2r 1 MTGE/Hexane).
-20-Ck/(-zrClI
In the case of that the olefinic polymer is the ethylene/a-olefin copolymer,

the content of a-olefin, a comonomer, is not limited particularly, and it may be

adequately selected according to the use or purpose of the olefinic polymer.

More specifically, it may from over 0 mole% to 99 mole%.

5 The ethylene/a-olefin copolymer may be a multi-block copolymer
comprising two or more segments or blocks of which chemical or physical
characteristics are different.

In order to prepare the multi-block copolymer, a method of using two or
more different transition catalysts and a chain shuttling agent has been known in

10 the past. But, the method has a problem of that the process is complicated
because it must use two or more different transition catalysts and a chain
shuttling agent of a specific compound in the preparation of the multi-block
copolymer, and the processibility is inferior because the molecular weight
distribution (Mw/Mn) of the prepared multi-block copolymer is about 2.0, very
15 narrow.

However, the present invention is characterized in that the olefin-based
block copolymer can be simply prepared because it uses a single metallocene
compound as the polymerization catalyst without using the chain shuttling agent.
Furthermore, the prepared olefinic polymer is characterized in that it can have

20 wide molecular weight distribution (Mw/Mn) and thus its processibility is
excellent.

The present invention provides an olefinic block copolymer prepared

according to the method disclosed above. Furthermore, the present invention

provides an olefinic block copolymer, preferably an ethylene/a-olefin block

13



4.8m1 of n-BuLi (2.5M in Hexane) was slowly added to 20(tert-Bu-0-(CH2)6)MeSi(9-C131-110)2 (3.18g,
6mmol) / MTBE (20mL) solution at -200, and the solution was reacted for 8 hours or more with elevating
the temperature to room temperature, and above dilithium salts slurry solution prepared at -200 was
slowly added to ZrCI4(THF)2 (2.26g, 6mmol) / hexane (20mL) slurry solution and the solution was further
reacted for 8 hours at room 5 temperature. (Tert-Bu-0-(CH2)6)MeSi(9-C131-19)2ZrCI2 compound (4.3g,
yield of 94.5%) of red solid form was obtained by filtering the preciBitate and rinsing the same many times

with hexane. copolymer1|qfWﬁ(éb@mﬁ@p@me}ﬂga{g@gﬁd QH,%)W.% (MeSi, 3H, s), 1.58
(Si-CH2, 2H, m), 1.66 (CH2, 4H. m). 1.91(CH2. 4H. m), 3.32(tert-BuO-CH2, 2H, 10 1). 6.86 (Flu-H, 2H, 1),
o0 (bt 2n o, o 1B R et nveater B R R SR TS Tatiie, G

<P ti E 10l > i Li

(T:;I-ngol-cng %gﬁw@%%ﬁ%@ é%&g%u#ﬂgﬁvég g%@f#ﬁ? v(\e/itﬁrﬁq%r?/%)(d ?s'i?ni arlr rPooBet’eparation

Example 1 subgfaptigdy Reserdingiiedhs #ane method as in Preparation Example 1, except that
tert-Bu-0-(CH2)4C1 compound was used in the preparation of ligand. The structure of ligand was

confirmed by 20 1H-NMRhe present inVEnhdARIBOGNIIE: GHEIYe PABIINE Sielith IMEH3E (CH2, 2H, m),
0.71 (CH2, 2H, m), 1.05 (tert-BuO, 9H, s), 1.20(CH2, 2H, m), 2.94 (tert-BuO-CH2, 2H, t), 4.10(Flu-9H, 2H,

s), 7.16(Flu-H, #é, mipfinid5dEllgrtdr dayn e . 30 (Rlu~H 3200007, 48ndF priie2ablyl) 5000 (Flu-H, 4H, d).
2) Preparation of Methallocene Compound Crert-BU-0-(CH2)4)MeSi(9-Ci3H9)2 ZrCI2 compound was
obtained with 141801800 id1dveeNsstahisatigt dicvitadilegtisthe same method as in Preparation 5Example 1,
except that (tert-Bu-0-(CH2)4)MeSi(9-C13H10)2 compound was used. 1H3NMR(500MHZ,
C6D6) : 1.14 (tert-BuOT tdensitye threalefitic splumy (oayLe0.859/cmig (@P29/oM, .05 (CH2, 2H,

m), 3.39 (tert-BuO-CH2, 102H, 1), £5.84 gFIu-H,SZH, m), 6.90 (Flu-H, 2H, m), 7.15 (Flu-H, 4H, m), 7.60
(Flu-H preferably 0.85g/cm” ~ 0.90g/cm”.

10 The olefinic polymer according to the present invention has a relatively
high single or multi crystalline melting point in comparison to density of the
polymer when measuring the melting point (Tm) with DSC. The melting point
(Tm) of the olefinic polymer is preferably 10007 or more irrespectively to the
density of the polymer, and more preferably 10501 ~ 13501, however, it is not

15  limited to this.

In general ethylene/a-olefin block copolymer, as the content of
comonomer in the copolymer increases, it shows a tendency of that the density
of the copolymer and the melting point decrease. However, the olefinic
copolymer according to the present invention can show the melting point of

20 10077 or more even in the case of raising the content of the comonomer, and
thus the polymer has not only thermal resistance but also superior mechanical
strength.

Therefore, the olefinic polymer according to the present invention is

superior in thermal resistance, mechanical strength, processibility, and the like,

14



6H, d), 7.80 (Flu-H, 2H, d) <Preparation Example 3> 151) Preparation of Ligand Compound
(Tert-Bu-0-(CH2)8)MeSi(9-C131-110)2 compound was obtained with the yield similar to Preparation
Example 1 substantially according to the same method as in Preparation Example 1, except that
tert-Bu-0-(CH2)8C1 compound was used in the preparation of ligand. The structure of ligand was
confirmed by 20 1H-NMR. 1H NMR(500MHz, C6D6) : -0.40 (MeSi, 3H, s), 0.29 (CH2, 2H, m), 0.58
(CH2, 2H, m), 0.83 (CH2, 2H, m), 0.95 (CH2, 2H, m), 1.05 (CH2, 2H, m), 1.14 (tert-BuO, 9H, s), 1.30
(CH2, 2H, m), PB4 é@ﬁﬂ)ézq?ﬂﬂ?@%f&%&mé@@ﬁ@seﬂw%%aﬁﬁp@#ﬂgﬂq,' )U5€17 (Flu-H, 4H, m),

vithallocens Compouhd ERARE R R i IR 51 E oc MR ot with
fethalocene Compo uc . _ Blained w
tor50.0-(CHA) NN TP ETESb ST o ety ot SeBS ARSI Cope): 1.17

(tert-BuO, 9H, {)ndefSAMER:1RE préstrt tiddirot it 48 » tRE ik ehbhiEhiidnaEl m), 1.89
(CH2, 4H, m), 1.94 (CH2, 2H, m), 3.30 (tert-BuO-CH2, 2H, t), 6.81 (Flu-H, 2H, m), 6.90 (Flu-H, 152H, m),

7.14 (Flu-H; 4Hpé0)intite8 {&-bi-by Hand), 7.65 (Flu-H, 2H, d), 7.78 (Flu-H, 2H, d) <Example 1>
<Examples>
<Preparation Example 1>

10

1) Preparation of Ligand Compound

cl [y
s o) N
N, nBuLi tBuol ' Y’ D\‘
:j Z{ ,j > > Hsll /\\/

_—

MTBE/Hexane MTBE/Hexane y
-20°C -30°C [ [

1.0 mole of tert-Bu-O-(CH)sMgCl solution which is a Grignard reagent

was obtained from the reaction between tert-Bu-O-(CH3)sCl compound and

15  Mg(0) in the presence of THF solvent. Tert-Bu-O-(CH>)sSiMeCl; (yield of 92%)

was obtained by adding the prepared Grignard reagent into a flask in which

MeSiCls compound (176.1mL, 1.5mol) and THF (2.0mL) of -30C7 were, stirring

the solution for 8 hours or more at room temperature, and filtering and vacuum
drying the solution.

20 After introducing fluorine (3.33g, 20mmol), hexane (100mL), and

15



After introducing 235m1 of toluene, 5m1 of 1-hexene, 10m1 of 10wt% 20toluene solution of MAO into 500
ml glass reactor, 1mM toluene solution (5m1, 5pmol) of the compound
((tert-Bu-0-(CH2)6)MeSi(9-C13H9)2ZrC12) prepared in Preparation Example 1 was introduced into the
solution, 50 psig of ethylene was introduced into the reactor, and the reaction was initiated. After stirring
the solution for 0.5 hour and venting the reactor, the reaction product was 5 poured into
ethanol/hydrochloric acid solution. After stirring the solution and filtering and rinsing the product, the

olefinic polymeMIEEGBRINA da5l RU%LEMEhg! tRE S o L ARMPh dHOs It RAFRE R fQliovAAY Phble 1.

<E le 2> 10 finic.pal d sybstantiall ding ta th thod as i
rample 1. exc BN HEAIOH, B GRS N SR i B4 R A PR SR AL Tled in folloving
Table 1. <E > lefini d sub iall d t thod
e in Bxample ool e Tomdon e R B T, e et

following Table dnxatales tne: 2T e'eBledaby sy viasereRa Bt suRatigibhpccording to the

same method as in Example 1, except that 1-octene was introduced into the reactor in thé amount of

6.3m1, 12.6m1jignshlSelindn aeResbv@Yaddirl tesHES st BlisBdomMiniEMET,abig, hommeymple 7>

The olefinic polymer was prepared substantially according to the same method as in Example 1, except
that the compouissd(ted-Bukexdrid 1) 0epio-CA3HM 2 A1dil2) phépartiringPitepaeatioridexdaample 2 Swas
introduced as the metallocene compound. The result is listed in following
hours or more at room temperature, (tert-Bu-O-(CHz)s)MeSi(9-Ci3H10)2
compound (5.3g, yield of 100%) was obtained by extracting the same by adding
water and evaporating the solvent. The structure of ligand was confirmed by
10 'H-NMR.
'H NMR(500MHz, CDCls) : -0.35 (MeSi, 3H, s), 0.26 (Si-CHa, 2H, m),
0.58 (CHa, 2H, m), 0.95 (CHy, 4H, m), 1.17(tert-BuO, 9H, s), 1.29(CHz, 2H, m),
3.21(tert-BuO-CHy, 2H, t), 4.10(Flu-9H, 2H, s), 7.25(Flu-H, 4H, m), 7.35(Flu-H,

4H, m), 7.40(Flu-H, 4H, m), 7.85(Flu-H, 4H, d).

2) Preparation of Methallocene Compound

-

| o |
Si ic > 2 Si
Vs MTBE/Hexane

- 2000 ZrCla
B

& J
I"'._-_‘__,___)"'IJ

48ml of n-BuLi (2.5M in Hexane) was slowly added to

N 9
- .
0 - nBuLi O
ﬁ(’ \P/L\ /7 IMTBE/-20C ZICI4(THF)2 j/ H\ | C/DQ

20  (tert-Bu-O-(CHa)s)MeSi(9-C13H10)2 (3.18g, 6mmol) / MTBE (20mL) solution at

16



Table 1. <Example 8> The olefinic polymer was prepared substantially according to the same 10 method
as in Example 1, except that the compound ((tert-Bu-0-(CH2)8)MeSi(9-C13H9)2 ZrCl2) prepared in
Preparation Example 3 was introduced as the metallocene compound. The result is listed in following
Table 1. 15<Comparative Example 1> The olefinic polymer was prepared substantially according to
the same method as in Example 1, except that traditional CGC catalyst represented by the following
Chemical Formula was used. The result is listed in following Table 1. <Comparative Examples 2, 3> The

olefinic polymer4Pas Fepdnsd SRAHLPINAR, SFRTRGNG SR WEnRE SGHEENaSIRYRIEMITR 1, except that
traditional meta{locene catalx/st reé)re ented hy the fo&om@n Cgﬁﬁm]ical Forgnulzr\ was u]T%d and 1-hexene
was introduced TARE AU JPSM 1 SRR S| iere§B cft 8%% & YEELI e SisE fif II%r\]/ving Table 1.
[Table 1] COm%?gﬁ?éfglylaﬁﬁ%é%ly§|8wly added to ZrCly(THF)2 (2.26g, 6mmol) / hexane
(20mL) slurry solution and the solution was further reacted for 8 hours at room
5 temperature. (Tert-Bu-O-(CHz)s)MeSi(9-C13Hg)2ZrCl, compound (4.3g, yield of
94.5%,) of red solid form was obtained by filtering the precipitate and rinsing the
same many times with hexane.
'H NMR(500MHz, C6D86) : 1.15(tert-BuO, 9H, s), 1.26 (MeSi, 3H, s), 1.58
(Si-CH2, 2H, m), 1.66 (CH2, 4H, m), 1.91(CH2, 4H, m), 3.32(tert-BuO-CH2, 2H,
10 t), 6.86 (Flu-H, 2H, t), 6.90 (Flu-H, 2H, 1), 7.15 (Flu-H, 4H, m), 7.60 (Flu-H, 4H,

dd), 7.64(Flu-H, 2H, d), 7.77(Flu-H, 2H, d)
<Preparation Example 2>

15 1) Preparation of Ligand Compound
(Tert-Bu-O-(CH2)4)MeSi(9-C13H10)2 compound was obtained with the
yield similar to Preparation Example 1 substantially according to the same
method as in Preparation Example 1, except that tert-Bu-O-(CH,),Cl compound
was used in the preparation of ligand. The structure of ligand was confirmed by
20 'H-NMR.
'H NMR(500MHz, C6DS6) : -0.40 (MeSi, 3H, s), 0.30 (CH,, 2H, m), 0.71
(CHz, 2H, m), 1.05 (tert-BuO, 9H, s), 1.20(CHz, 2H, m), 2.94 (tert-BuO-CH,, 2H,
t), 4.10(Flu-9H, 2H, s), 7.16(Flu-H, 4H, m), 7.35 (Flu-H, 4H, m), 7.35 (Flu-H, 2H,

d), 7.43 (Flu-H, 2H, d), 7.77 (Flu-H, 4H, d).

17



Tm Mw PDI (mol/0) (0) Activity (C) (ton/mal . hr)

2) Preparation of Methallocene Compound
(Tert-Bu-O-(CH.)4)MeSi(9-C13Hg)> ZrCl, compound was obtained with
similar yield substantially according to the same method as in Preparation

5 Example 1, except that (tert-Bu-O-(CHz)4)MeSi(9-C13H10)2 compound was used.

'H NMR(500MHz, C6D8) : 1.14 (tert-BuO, 9H, s), 1.26 (MeSi, 3H, s),
1.90 (CH2, 2H, m), 1.99 (CH2, 2H, m), 2.05 (CH2, 2H, m), 3.39 (tert-BuO-CH2,
10 2H, 1), 6.84 (Flu-H, 2H, m), 6.90 (Flu-H, 2H, m), 7.15 (Flu-H, 4H, m), 7.60 (Flu-H,

6H, d), 7.80 (Flu-H, 2H, d)

<Preparation Example 3>

15 1) Preparation of Ligand Compound
(Tert-Bu-O-(CHy)s)MeSi(9-C13H10)2 compound was obtained with the
yield similar to Preparation Example 1 substantially according to the same
method as in Preparation Example 1, except that tert-Bu-O-(CHz)sCl compound

was used in the preparation of ligand. The structure of ligand was confirmed by

20  'H-NMR.
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Example 1 6.4 9.1 3.64 120 116,500 3.13 Example 2 12.5 9.4 3.76 122 102,600 2.60 Example 3

'H NMR(500MHz, C6D8) : -0.40 (MeSi, 3H, s), 0.29 (CH,, 2H, m), 0.58
(CHo, 2H, m), 0.83 (CHp, 2H, m), 0.95 (CH,, 2H, m), 1.05 (CHa, 2H, m), 1.14
(tert-BuO, 9H, s), 1.30 (CHa, 2H, m), 1.64 (CH., 2H, m), 3.27 (tert-BuO-CH2, 2H,
t), 4.13(Flu-9H, 2H, s), 7.17 (Flu-H, 4H, m), 7.26 (Flu-H, 4H, m), 7.37 (Flu-H, 2H,

5 d), 7.43 (Flu-H, 2H, d), 7.78 (Flu-H, 4H, d).

2) Preparation of Methallocene Compound
(Tert-Bu-O-(CH)s)MeSi(9-C13Hg)> ZrCl, compound was obtained with
similar yield substantially according to the same method as in Preparation

10  Example 1, except that (tert-Bu-O-(CHz)s)MeSi(9-C13H10)2 compound was used.

'H NMR(500MHz, C6D6) : 1.17 (tert-BuO, 9H, s), 1.29 (MeSi, 3H, s),

1.41 (CH2, 4H, m), 1.49 (CH2, 2H, m), 1.64 (CH2, 2H, m), 1.89 (CH2, 4H, m),

1.94 (CH2, 2H, m), 3.30 (tert-BuO-CH2, 2H, t), 6.81 (Flu-H, 2H, m), 6.90 (Flu-H,

15  2H, m), 7.14 (Flu-H, 4H, m), 7.60 (Flu-H, 4H, d), 7.65 (Flu-H, 2H, d), 7.78 (Flu-H,

2H, d)

<Example 1>
After introducing 235ml of toluene, 5ml of 1-hexene, 10ml of 10wt%

20 toluene solution of MAO into 500 ml glass reactor, 1mM toluene solution (5ml,
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14.1 8.8 3.52 121 92,300 3.20 Example 4 6.3 4.6 1.84 120 118,400 2.94 Example 5 8.1 4.4 1.76

5umol) of the compound ((tert-Bu-O-(CH.)s)MeSi(9-C13Hs)2ZrCl,) prepared in
Preparation Example 1 was introduced into the solution, 50 psig of ethylene
was introduced into the reactor, and the reaction was initiated. After stirring
the solution for 0.5 hour and venting the reactor, the reaction product was
5 poured into ethanol/hydrochloric acid solution. After stirring the solution and
filtering and rinsing the product, the olefinic polymer was obtained by

evaporating the solvent. The result is listed in following Table 1.

<Example 2>
10 The olefinic polymer was prepared substantially according to the same
method as in Example 1, except that 10ml of 1-hexene was introduced into the

reactor. The result is listed in following Table 1.

<Example 3>
15 The olefinic polymer was prepared substantially according to the same
method as in Example 1, except that 15ml of 1-hexene was introduced into the

reactor. The result is listed in following Table 1.

<Examples 4, 5, 6>
20 The olefinic polymer was prepared substantially according to the same
method as in Example 1, except that 1-octene was introduced into the reactor in
the amount of 6.3ml, 12.6ml, and 15.7ml respectively. The results are listed in

following Table 1.

20



119 98,300 3.70 Example 6 10.9 4.5 1.80 118 99,800 3.48 Example 7 6.9 10.5 4.20 105-120 185,700
2.53

<Example 7>
The olefinic polymer was prepared substantially according to the same
method as in Example 1, except that the compound
((tert-Bu-O-(CH2)4)MeSi(9-C13Hg). ZrClo) prepared in Preparation Example 2
5 was introduced as the metallocene compound. The result is listed in following

Table 1.

<Example 8>
The olefinic polymer was prepared substantially according to the same
10  method as in Example 1, except that the  compound
((tert-Bu-O-(CHz)s)MeSi(9-C13Hg)2 ZrCly) prepared in Preparation Example 3
was introduced as the metallocene compound. The result is listed in following

Table 1.

15 <Comparative Example 1>
The olefinic polymer was prepared substantially according to the same
method as in Example 1, except that traditional CGC catalyst represented by the

following Chemical Formula was used. The result is listed in following Table 1.
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Example 8 5.9 11.9 4.76 105-120 205,400 2.28 Comparative Example 1 8.3 11.7 4.68 82 163,200 2.63
Comparative Example 2

\\/O \/\/\/\%.

\\/ N—TiCl,

<Comparative Examples 2, 3>
The olefinic polymer was prepared substantially according to the same
5 method as in Example 1, except that traditional metallocene catalyst
represented by the following Chemical Formula was used and 1-hexene was
introduced in the amount of 5ml and 10ml respectively. The results are listed in

following Table 1.

g

@——'ZrCIg

10
[Table 1]
Comonomer | Polymer | Catalytic Tm Mw PDI
(mol%) (9) Activity (C)
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9.9 7.3 2.92 99 107,700 3.56 Comparative Example 3 14.5 7.9 3.16 85 77,400 2.90 What is claimed is: 1.
A metallocene compound represented by following Chemical Formula 1:

(ton/mol- hr)

Example 1 6.4 9.1 3.64 120 116,500 | 3.13
Example 2 12.5 9.4 3.76 122 102,600 | 2.60
Example 3 14.1 8.8 3.52 121 92,300 | 3.20
Example 4 6.3 4.6 1.84 120 118,400 | 2.94
Example 5 8.1 4.4 1.76 119 98,300 | 3.70
Example 6 10.9 4.5 1.80 118 99,800 | 3.48
Example 7 6.9 10.5 4.20 105-120 | 185,700 | 2.53
Example 8 5.9 11.9 4.76 105-120 | 205,400 | 2.28

Comparative 8.3 11.7 4.68 82 163,200 | 2.63
Example 1

Comparative 9.9 7.3 2.92 99 107,700 | 3.56
Example 2

Comparative 14.5 7.9 3.16 85 77,400 | 2.90
Example 3
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[Chemical Formula 1] 5 wherein, R1 to R17 are same or different each other, and are
independently hydrogen, a halogen, a C1 - C20 alkyl group, a C2 "™ C20 alkenyl group, a C6 "™ C20 aryl
group, a C7 - C20 alkylaryl group, or a C7 - C20 arylalkyl group, 10L is a C1 - C10 linear or branched
alkylene group, Dis0,S, N(R)-, or -Si(R)(R)-, wherein R and R are same or different each other,
and are independently hydrogen, a halogen, a C1 - C20 alkyl group, a C2 "™ C20 alkenyl group, ora C6 ™
C20 aryl group, A is hydrogen, a halogen, a C1 - C20 alkyl group, a C2 ™ C20 alkenyl group, a C6 "™ C20
aryl group, a CMhebiB QIAIMARA ifoup, or a C7 - C20 arylalkyl group, a C1 - C20 alkoxy group, a C2 ™ C20
alkoxyalkyl group, a C2 "™ C20 heterocycloalkyl group, or a C5 ™ C20 heteroaryl group, M is a group 4
transition metal, and 5X1 and X2 are, same or different each other, and are independently a halogen, a
C1 - C20 alkyl gro @g vl ani , an amido group, a
C1-C20 a|ky|s%yf$%6é38?%’8’%%@8 %%é&%ﬂ%%%%@ gygﬁﬁf()@%@ggﬁ%gael g%@p[)ﬁ % ‘2. The metallocene
compound according tmﬁ@ﬂﬁé{,%nﬁ[ﬁgﬁﬁil to R17 in Chemical Formula 1 are independently hydrogen,
methyl group, ethyl group, propyl group, isopropyl group, n-butyl group, tert-butyl group, pentyl group,
hexyl group, heptyl group, octyl groyp4 or plgny! group. 15 3. The metallocene compound according to
Claim 1, wherein L in ChenRéal Forrhula 1 is 'a C4 ™ B¢ linear or branched alkylene group.

a1

wherein,

R1 to R17 are same or different each other, and are independently
hydrogen, a halogen, a C1 ~ Cy alkyl group, a C, ~ Cyp alkenyl group, a Cg ~ Cazo
aryl group, a C; ~ Cy alkylaryl group, or a C; ~ Cy arylalkyl group,

10 L is a C1 ~ Cyp linear or branched alkylene group,

D is -O-, -S-, -N(R)-, or -Si(R)(R')-, wherein R and R' are same or
different each other, and are independently hydrogen, a halogen, a C; ~ Cy
alkyl group, a Cz ~ Cyg alkenyl group, or a Cg ~ Co aryl group,

A is hydrogen, a halogen, a Ci ~ Cy alkyl group, a C, ~ Cy alkenyl
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4. The metallocene compound according to Claim 1, wherein A in Chemical Formula 1 is hydrogen,
methyl group, ethyl group, propyl group, isopropyl group, 20 n-butyl group, tert-butyl group,
methoxymethyl group, tert-butoxybutyl group, 1-ethoxyethyl group, 1-methyl-1-methoxyethyl group,
tetrahydropyranyl group, or tetrahydrofuranyl group. 5. The metallocene compound according to Claim 1,
wherein Chemical Formula 1 is represented by following Chemical Formula 2: [Chemical Formula 2]

6. A catalyst composition, comprising the metallocene compound according to 5any one of Claims 1 to 5.

7. The catalyst 865HBoRifi6r deeofih§reldl s, firamaleBb HENG RISt snERBARYSts represented

by Chemical Formulae 3 to 5: her%ical Formula 3 109@@1 %l/ \%hiarein, each R18 may be same or
different, and isarrdEpehdently 22hS09EN; P B2 hyarae 681 B4 #afserfstuBstitut¥d C1 - C20

hydrocarbon; apdsg 500981 8 Beres 2l HarpigA)REnya 4 D(R18)3
M is a group 4 transition metal, and
5 X1 and X2 are, same or different each other, and are independently a
halogen, a C1 ~ Cy alkyl group, a C, ~ Cy alkenyl group, a Cg ~ Cy aryl group,
a nitro group, an amido group, a Ci ~ Cy alkylsilyl group, a Cy ~ Cyo alkoxy

group, or a Gy ~ Cy sulfonate group.

10 2. The metallocene compound according to Claim 1, wherein R1 to R17 in
Chemical Formula 1 are independently hydrogen, methyl group, ethyl group,
propyl group, isopropyl group, n-butyl group, tert-butyl group, pentyl group, hexyl

group, heptyl group, octyl group, or phenyl group.

15 3. The metallocene compound according to Claim 1, wherein L in Chemical

Formula 1 is a C4 ~ Cg linear or branched alkylene group.

4. The metallocene compound according to Claim 1, wherein A in Chemical
Formula 1 is hydrogen, methyl group, ethyl group, propyl group, isopropyl group,
20  n-butyl group, tert-butyl group, methoxymethyl group, tert-butoxybutyl group,
1-ethoxyethyl group, 1-methyl-1-methoxyethyl group, tetrahydropyranyl group,

or tetrahydrofuranyl group.

5. The metallocene compound according to Claim 1, wherein Chemical Formula
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wherein, R18 is same as that in Chemical Formula 3; and D is aluminum or boron; [Chemical Formula 5]
[L-H][ZA4f or [L][ZA4]- wherein, 5L is a neutral or cationic Lewis acid; H is hydrogen atom; Z is group 13
element; and each A may be same or different, and is independently a C6 ™ C20 aryl group or a C1 -
C20 alkyl group of which at least one hydrogen atom are 10unsubstituted or substituted with a halogen, a
C1 - C20 hydrocarbon, an alkoxy, or phenoxy. 8. An olefinic polymer, prepared in the presence of the
catalyst composition according to Claim 6. 15 9. The olefinic polymer according to Claim 8, wherein the
olefinic polymer! it &RREBSARITS/ RYoIRt VM IS AQ TR Bemsity of 0.85g1cm3 0.92g1cm3 and the

melting temperature Of[&ﬁgﬁ(l)i(% E]grrr%UIa 2]

O\/\/\/\l
Si

6. A catalyst composition, comprising the metallocene compound according to

a1

any one of Claims 1 to 5.

7. The catalyst composition according to Claim 6, further comprising at least one
co-catalysts represented by Chemical Formulae 3 to 5:
[Chemical Formula 3]
10 -[AI(R18)-O]n-
wherein,
each R18 may be same or different, and is independently a halogen; a
C1 ~ C2 hydrocargon; or a halogen-substituted C; ~ Coo hydrocarbon; and
n is an integer of 2 or more;
15 [Chemical Formula 4]
D(R18)s
wherein,
R18 is same as that in Chemical Formula 3; and
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10

D is aluminum or boron;

[Chemical Formula 5]

[L-HI'[ZA4] or [LT'[ZA4]

wherein,

L is a neutral or cationic Lewis acid;

H is hydrogen atom;

Z is group 13 element; and

each A may be same or different, and is independently a Cg ~ Cy aryl
group or a Gy ~ Cy alkyl group of which at least one hydrogen atom are
unsubstituted or substituted with a halogen, a Cy ~ Cx hydrocarbon, an alkoxy,

or phenoxy.

8. An olefinic polymer, prepared in the presence of the catalyst composition

according to Claim 6.
9. The olefinic polymer according to Claim 8, wherein the olefinic polymer is an

ethylene/a-olefin polymer having the density of 0.85g/cm® ~ 0.92g/cm?® and the

melting temperature of 100 or more.
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