TI TLE OF THE I NVENTION  OLEFI N BLOCK COPOLYMER *@0002* TECHNI CAL FI ELD
The present description relates to an ol efin bl ock copotymer.— 5 BACKGROUND

A bl ock copol yrer refers to a copolyner containing a pl ura!ml"mmmumﬂlm“mts or
segnents of repeating units distinct in characteristics fr r.
It tends to be superior in its properties to typical random copgyners or

pol ymer bl ends. For exanple, the block copolymer may—i-nclude both_of soft
elastic 10 blocks (referred to as "soft segnents") and hard crystalline

cueh as. cibus B e WVERBIANS TS ROl et ance: hore SodUNERIAS ch

bl ock copol yner has el asti ci té at a tenperature equal to or higher than the
gl ass traR-EFINBLAGHEQRRALEMER t he soft segnments and shows a “ther mopl-asti ¢
behavi or at a terrper ature above the 15nelting tenperature, consequently

with relativel ood heat resistance. For specific exanples of the
bl ock copléﬁtﬁi&@ﬁ@ yr ene- but adi enestyrene) tribl ock copol yners and
t heir hydrogenated versions (e.g., SEBS) are known for their usefulness in
a variety of apieiprasentisesiiption reladgs teaaneolghio tloskaepelymerst i cs regarding
heat resistance and elasticity. 20Recently, the use of ol efin-based
el astoners, which are a copol yner of ethyl ene/ propyl ene and a-ol efin, has
been i it cBAGKGRAUNBr consi deration. Mre specifically, many attenpts have
been made to use the ol efin-based elastonmers in a variety of applications,
such as for use E oses as a substitute for rubber materials. For further
i mpr ovenment on A hleckeapolymer sefgrcto afcopelymer epntginieg adlephlytfhloeks t here
has been an attenpt to use bl ock copolynmer type elastonmers in place of the
convent i opalsegmedtsnot oapeiating runitg plistaick fin chbwestatistics froonene aswiterayt
et hyl ene-a-ol efin random copol ynmers. Furt hernore,
tends to be superior in its properties to typical random copolymers or polymer
blends. For example, the block copolymer may include both of soft elastic
10  blocks (referred to as “soft segments”) and hard crystalline blocks (referred to
as “hard segments,”) and thus have good properties, such as excellent elasticity
and heat resistance. More specifically, such a block copolymer has elasticity at
a temperature equal to or higher than the glass transition temperature of the
soft segments and shows a thermoplastic behavior at a temperature above the
15 melting temperature, consequently with relatively good heat resistance.
For specific examples of the block copolymer, SBS (styrene-butadiene-
styrene) triblock copolymers and their hydrogenated versions (e.g., SEBS) are
known for their usefulness in a variety of applications since they have good
characteristics regarding heat resistance and elasticity.
20 Recently, the use of olefin-based elastomers, which are a copolymer of
ethylene/propylene and a-olefin, has been intensively under consideration.

More specifically, many attempts have been made to use the olefin-based

elastomers in a variety of applications, such as for use purposes as a substitute
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,0 many different approaches have been considered to prepare bl ock copolymer
type ol efin-based el astonmers with good processability in a sinple

production process. SUMVARY The present description provides an
ol efin block copolyner with 10 enhanced processability in addition to good
el asticity and heat resistance, and its preparation nethod.. In

accordance wth an enbodi nent of the present description, there is provided
an ol efin bl ock copolymer conprising first and second segnents, each
conprising an ethyl ene or_pr | ene repeatin nit and an_a-ol efin.

repeat i ng%I5r “Bﬁ?'i ¥r5§er6ql§.f Eg'éﬁ'%%l'@pf‘?‘%ﬁ?'ﬁn& lf%é]eé’ptr ﬁ%‘gtggﬁ%r?g tbggment is
dispersed in the formof a closed curve as a di spersed phase on the first
segment aelefntasgd lasiomers. (thete, Bas Lgepnatatiemps do Mser B@E@ﬁé’f’o[}ﬁﬁﬁj e.

In the TEMinmage of the olefin block copolyner, the dispersed phase of the
second setypenelastomsrsl in rplacee of dhencsnventiangl sandam \copakynantyee Llefitimet er 20
of about 0.3 to 2.0 pmsuch as, for exanple, about 0.3 to 1.9 pm about 0.4
to 1.8 pnbaséxbelastbmerssuthXaspethyleneabolefin tamdarn copglymers. Furthermore, t he

ol efin block copolyner, the first segnent is a hard segnment conprising a
first sol mahyadifférent apptoaehes bbeé ibeenapesidersy tnptepasmbiockecopelyorat  segnent
is a soft segnent conprising a second nole fraction of the a-olefin

repeat i ngtypei blefiMdased tdhestemendithudodds prcessabilitg igrae single tgradudtioa fir st
nole fraction. In this regard, the nole fraction of the a-olefin repeating
unit contaidydsin the entire block copolynmer may have a val ue between the
first and second 5nole fractions. In the olefin block copol yner
according to one exenplary enbodi nent, the nole fraction Y (nol.% of the

hard segrrgrﬁmgw\t he nole fraction X (nol.% of the ethylene or propyl ene

repeating he entire bl ock copolynmer may satisfy the foll ow ng

Mat hemati cal F I A I ' Kk

Copol yrmer _corpr B Tt o SERLTHIP R, T e S0k [copBlierWroCS i g
it d i Ni tent of .the a-olefin.. i A tjsfyi th

Vot hett i CaPaRGEnRReSoR Y i Sl o5 a8 slbupRRERe ol bstend a2, "0 1

propyl ene repeating unit. | Mathematical Fornula 1] 15(Y - 100)6(X - 100)

Further, {tROeNAERHM BEHOE: copol ymer may conprise 20 to 95 nol. % of the hard
segnent and 5 to 80 nol.% of the soff segnent. The hard segnmepnt npy have a
hi gher val ue t HarRocAEIagge (withegR@Rbqdimegpt Pfe'éi@tpr@ﬁ%”tpg‘iﬁ?@PF%"otﬂeE%@ degree
of crystallization, density, and nelting tenperature. 20Further, the olefin
bl ock™ copergvided amplefiaiock eapphiragn qomprisig firshped seepnd seanegntaRash 95 to
120 t and a nelting tenperature Tm of about 110 to 135 C.

comprising an ethylene or propylene repeating unit and an a-olefin repeating

15 unit at different mole fractions, where the second segment is dispersed in the
form of a closed curve as a dispersed phase on the first segment according to a
TEM (Transmission Electron Microscope) image.

In the TEM image of the olefin block copolymer, the dispersed phase of
the second segment shaped in the form of a closed curve may have a diameter

20  of about 0.3 to 2.0 ym such as, for example, about 0.3 to 1.9 pym, about 0.4 to
1.8 um, about 0.5 to 1.5 pym, or about 0.5 to 1.3 pm.

In the olefin block copolymer, the first segment is a hard segment

comprising a first mole fraction of the a-olefin repeating unit, and the second



The ol efin block copolyner according to one exenplary enbodi nent may have a
densi‘ty of - about 0.85 to 0.92 gicnB. Further, the olefin block copolyner
may have a wei ght average nol ecul ar weight of 5,000 to 3,000,000 and a

nol ecul ar wei ght distribution of 2.5 to 6. In the ol efin block
copolynmer, the a-olefin repeating unit may be a repeating unit derived from
at | east one a-olefin selected fromthe group 5 consisting of 1-butene,

1- pentene, 4-nethyl-1-pentene, 1-hexene, 1l-heptene, 1- octene, 1-decene,
1-undecene, 1-dodecene, 1-tetradecene, 1-hexgdecene, and 1-itocene.

I n accor dSRIBEN t5h2 S8 FRAMLHTSITRARNG 8 chﬂﬁgdp‘é@eﬁ‘li’d@@s%frlﬁhﬁt ?'8%}?'% here is
provi ded an ol efin blaock copolyner conprising first and sec?nd segnents, 10
each conpfeRE3YRY aitetwiiare e secppd meleHEactiepdatgragtendnan A s BB of i
repeating unit at different nole fractions, where the first segnent

conpr i ses fractorgte thigwegarflr thetmele frdction of shehgtaleftn wpeptingynié sentaledat i ng

unit than the second segnent. The nole fraction Y (nol./0) of the first
segnent aimnlthenentirel ock aepalymexmaydiavetd vetuet betweenthe disstandpsegopidene
repeating unit in the entire block 15 copol yner satisfy Mthemati cal

For mul a 1nade fratlionss: [ Mat hematical Formula 1] (Y - 100)6(X - 100)
According to one exanple, the olefin block copolynmer nay conprise about 80
to 98 nol./0 ofintthe okifinyblecte copolphepyteordingetpestd exerplaty embodinizt,

remai ning content of the a-olefin repeating unit, satisfying the

Mat hemat i gad Moy frabtdNlY (Mol 12§ ofthe lidtd GegHRAt ahdRgemdle fractiont XyheIns) or
propyl ene repeating unit. The present description can provide an

ol efin bl gekn& apRAeHERSEr bitpyichs TeBbathdIQRE iP IRE BRHBIBILER Mo;lé’cﬂym@rl nags

excel l ences in at resistance and elfasticity. Particularly, such’an olefin

bl ock COng%i’%f?rtpéar‘Bll&ﬁn rl\ﬁé}ﬂéﬁ\gti&élr%irhl %.%ﬁid&‘BLo@nd’}i&%ﬁés%@pﬂa fhe

sinplifie al yst system efore, the olefin copol yner

B B DRSO AL e R

excel | and eneral p
o D2l a5 g el BB Bl Bl BB el o
CRAVI NSty Matisppic ot o Vo astPe gl B3agt o e hRlinScB®t 1
di sper sed p?g&sleenelgpsegt?ﬁgegniit'n a closed curve shown in the upper inmage.
[Mathematical Formula 1]
15 (Y-100) = 6(X-100)
Further, the olefin block copolymer may comprise 20 to 95 mol.% of the
hard segment and 5 to 80 mol.% of the soft segment. The hard segment may
have a higher value than the soft segment in at least one property of the degree

of crystallization, density, and melting temperature.

20 Further, the olefin block copolymer may have a crystallization
temperature Tc of about 95 to 120 C and a melting temperature Tm of about
110t0 135 T.

The olefin block copolymer according to one exemplary embodiment

may have a density of about 0.85 to 0.92 g/cm®. Further, the olefin block
3



FIG 2 shows TEMinages of a copolyner according to Conparative Exanple 1,
'Wwheré the | ower image is an enl argenent of the copol ymer shown in the upper
i mge. FIG 3 illustrates an exanple of FID (Free Induction
Decay) elicited to 15nmeasure the nole fraction (nol.% of the hard segnent
contained in the olefin block copolynmer in Experinmental Exanple.

FIG 4 is a linear regression graph showi ng the relationship between the
nol e fraction Y (m)l /0) of the hard segnent and the nole fraction X

(mol . of t eeth ene re atln unit ¢ nedlnt e c

copol yrrer §°%‘? YPEr HRY RAVESA | SF"’IQ:‘?OWO% t"‘F?éngc%é]@?pe}'o g'gﬁoégﬁpar ative
Exanpl es in the Experi nent al anpl e. DETAI LED DESCRI PTI ON OF THE

EMVBODI ENVERITS @ molecular wgjadit H@Fr!té‘rt'oné?fae'sc@lq ed description will be given as
to the olefin block copolyner and its Preparatlon met hod according to the
enbodi nents of I\ Héemlég@rhlo@@wpolyme@n heHorplelr repeating BRbABRYDS @ are
provided as a nere illustration and not intended to |limt the scope of the
i nvent i onrepdatisgvenit derived fompatateast ane whoefin selédted framtthe armoupt hat t he
enbodi mrents nmay be nodified in many ways. Unl ess stated otherw se,
sone ter neoasistirgeaf 1-hutehe, dpentenes pevethyle bpeotenerny-hesemnksfi-hepteas, T-ol | ows.
The term " (olefin) block copolynmer” as used herein refers to a copol yner 10
of et hyl enetepe, pidepyhenbundeteneph afodecend)itcletradpednarerhexadpcerse and
plurality of blocks or segnments of repeating units that are distinguishable
fromone angjckRe. in terns of . at | east one physical or chem cal property,
such as, for exanple, the content (nole fraction) of the ethylene- or

propyl ene- deri RAcESREALE Mith \dhbther R oRfRERYT tIﬁé’fErlé%.eﬁf déddription, Aherehe
a-ol efin-derived repeating unit, the degree of 15crystallization, density,

| t | f be f t

and secont E%dagﬁr%%faﬁb@%ﬁ&?ﬂpﬁy‘#ﬁ S A S s opyl ane
d h
cont orbs eHEh oty ?*$>"§‘h4ee°?§€"°£9%“8”*éﬁea“*” r@ﬁhﬁ‘ﬁPe?éhﬁ HB cach

ﬁgrsfcrizsﬁ I iAo R A
repeating htljngetr movl\gI frlactlcgnhgft gce%?y er?ee rngrrcl)tpylrm\e/ repeaaﬁng unlt than the second
| segment. The mole fraction Y (mol.%) of the first segment and the mole fraction
X (mol.%) of the ethylene or propylene repeating unit in the entire block
15  copolymer satisfy Mathematical Formula 1 as follows:
[Mathematical Formula 1]
(Y-100) = 6(X-100)
According to one example, the olefin block copolymer may comprise
about 80 to 98 mol.% of the ethylene or propylene repeating unit and a
20 remaining content of the a-olefin repeating unit, satisfying the Mathematical
Formula 1 in the entire content range of the ethylene or propylene repeating unit.
The present description can provide an olefin block copolymer that

exhibits good processability as well as excellences in heat resistance and

elasticity. Particularly, such an olefin block copolymer can be prepared through
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,segment which is a soft elastic block conprising a second nole fraction of
‘the a-olefin repeating unit. Here, the second nole fraction is greater than
the first nole fraction. As a result of the contents of the a-olefin
repeating unit, the first segnment to be the hard segnent nmay conprise a

hi gher nmole fraction of the ethylene or propylene repeating unit than the
first segment to be the soft segnent. Further, the first nole fraction may
~be lower than the nole fraction of the a-olefin repeating unit as neasured
for the entire bl ock copol while the 5 second nole fraction may be

hi gher t h@SITRE RY‘BF%SSWSARQ géﬁ“ﬂffegﬁétaéysdlsé‘?tﬁﬂ‘ repeating unit for the entire
bl ock copol yner.. In addition, the plural blocks or segnents may be
di sti ngui shabl dherefarane thenotalelin i rbleds mcopplyser| esaptribriespr &berthe of t he
degree of crystallization, density, and nelting tenperature. In conparison
with the sofmmegeiglizationt lft olefinebasds oflasteingrs i with| exkellences elanipeat, the
hard segnent that is a hard crystalline block may have a higher value in
terns of eadsistensd andettmr generg popeerties saraf sudheoldfigrbaesedElastopsralcbnzat i on,
density, and nelting tenperature. The ol efin bl ock copol ymer of an
exenpl ar y benpropefpnisddn at he gubetierd foesasbept materiaty idl evite rdrge nefd by t he
after-nentioned segnent dispersion 15 characteristics analyzed by a defined
TEM i rragea?pn@tﬁdhg_i on to the aforenenti oned properties, such as the nole
fraction of the ethylene or propylene repeating unit, the nole fraction of
the a-olefin repeating unit, the degree of crystallization, density, or

neti ng t eBRIERDESCRIFAON OF THE IDRAW gl yner of the exenplary enbodi nent.
may conprise 20 first and second segnents, each containing an ethylene or
propyl ene repeating unit and a a-olefin repeating unit at different nole

fractions. Furtfher .1 a6ees FiEN ihagés DEMN( diefifl Bidckstspblyrh&c hesirdivg aboscope)
i mge of the olefin block copolyner, the second segnent is dispersed in the

form of apghppRd1CWhére Bt RwWirREHE S aRhafigrgemenbof thd afspél%ﬂ%ﬁase
The ol efin bl ock copol ymer of the enbodi ment is prepared by

copol yger lsﬁé‘ééd)i’?: é’{:lo@é&‘gbr‘?/.@%hgl}vnﬂﬁ Y LS nWh{;é‘. a-olefin, so it contains an

et hyl ene- propyl ene-derived repeating unit and an a- olefin derived

repeat i ng uni B 2 BtiSuP 9280 oLt 81 BSpdkr Sbastaply tEofipabaker,

repeating un| t déri‘ve rom a-op goo

ol efin bl ared u5| n he af Nt i d _catal yst
system i egi y{gf h\? l@ EI"W\%GF %U r%%[“% futE§|GIO{)8lyﬁ}e ﬁﬁéwf?s or
segnents su h as, for exanple, first and second segnents each contai ni ng

the et hyl Sh'eHPRSF P39%ne repeating unit and the a-ol efin repeating unit at
di fferent

FIG. 3 illustrates an example of FID (Free Induction Decay) elicited to
15  measure the mole fraction (mol.%) of the hard segment contained in the olefin
block copolymer in Experimental Exampie.

FIG. 4 is a linear regression graph showing the relationship between the
mole fraction Y (mol.%) of the hard segment and the mole fraction X (mol.%) of
the ethylene repeating unit contained in the olefin block copolymers of

20 Examples in comparison with the copolymers of Comparative Examples in the

Experimental Example.

DETAILED DESCRIPTION OF THE EMBODIEMENTS




, 10 mol e fractions. Mre specifically, the first segment nay be a hard
segnent that is a hard crystalline block containing a first nole fraction

of the a-olefin repeating unit,
segnent that

and the second segnent nay be a soft
is a soft elastic block containing a second nole fraction of

the a-olefin repeating unit. Here, the second nole fraction is greater than

the first nole fracti on.

The first 15 and second segnents may contain a

remai ning nole fraction of the ethylene or propyl ene repeating unit other

than the nole fraction of the a-olefin repeating unit. Accqrdingly, the
first segment t"&?rﬁ@aﬁﬁ% %QP@"Egdﬁfﬁqf‘p%l"& EE Qé‘gqﬂ gRdp ¢ I‘getﬂ} Eg’t‘%on of the

et hyl ene or

propyl.ene repeating unit than the second segnment to be the soft

segnent . Fopely@er andeitsnpreparation meathest aceerdingotoethen eptbodispends i afgtheni t

included in the entire bl ock copol yner

may have a val ue between the first

and secongreasnt desatptionndHoweves: iegsenwemipodinments faresproiigied 83 &MY/ of t he
a-olefin repeating unit included in the first segnent is |ower than the
nol e fractliustratidn aheé nat altefided tcelireitthe gcope of ted nweatierd Moreover iteist i r e

bl ock copol yner,

a-olefin repeating unit calculated for the entire bl ock copol yner.

manner,

t Afarg

conprising a plurality of blocks or segnents. As the bl ock

10
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Unless stated otherwise, some terms as used in the entire specification
may be defined as follows.

The term “(olefin) block copolymer” as used herein refers to a copolymer
of ethylene or propylene and a-olefin, which copolymer comprises a plurality of
biocks or segments of repeating units that are distinguishable from one another
in terms of at least one physical or chemical property, such as, for example, the
content (mole fraction) of the ethylene- or propylene-derived repeating unit, the
content (mole fraction) of the a-olefin-derived repeating unit, the degree of
crystallization, density, or melting temperature.

A plurality of the blocks or segments may be first and second segments,
each comprising, for example, an ethylene or propylene repeating unit and an
a-olefin repeating unit, on the condition that the contents (mole fractions) of the
repeating units are different from each other. For example, the first segment
may be a hard segment which is a hard crystalline block comprising a first mole
fractipn of the a-olefin repeating unit, while the second segment may be a soft
segment which is a soft elastic biock comprising a second mole fraction of the
a-olefin repeating unit. Here, the second mole fraction. is greater than the first

mole fraction. As a result of the contents of the a-olefin repeating unit, the first

6

while the second nole fraction of the a-olefin repeating
unit ip thppsenons thargskiRid insthel ghhahatt tharenbwlimehts fmagdie oodidfedtine

In this

l\gdysn bl ock copol ymer of the enbodinent has a bl ocked form



5 copol ymer of the enbodi ment conprises the first segnent (i.e., hard
'segneént) that is a hard crystalline block having a relatively high nole
fraction of the ethylene or propylene repeating unit, for exanple, it has a
high nelting tenperature up to about 110 to 135 r , about 115 to 130t , or
about 115 to 125 r, which is higher than the nelting tenperature of the
conventional 10 random copol ymer type ol efi n-based el astoners. Thus, the

bl ock copol yner of the enbodi nent may show enhanced heat resistance and
good elaStiCiéﬁﬁf' el asfoner even at hi heé t n npari son

S, a t er €, |
Wi th the sedven: OpaMonar Reomeamay <8 QA a{E&Sﬁ"iﬁt@He"-@B‘Sl efin
random copol yners. A plurality of blocks or segnents, such as the_first and
second se§Hkw o8 propydene H%P?P“Qﬂdu%'@)ftﬁa%éé?rﬁfﬁgts?e%'@ﬁ?ta?%g}? ?}H& SR8 bl ock
copol ymer of the enbodi ment are distinguishable fromone another by at
| east  onesegmente Fortbpe the Bestimple fractien May keclgwes than theyple fractignidn,
density, or nelting tenperature. For exanple, the hard segnent that is a
hard crysthd trHofedinbepeatingounitasimegsereddpatheasttive hiogk capplgmer.awhiledReof an
et hyl ene or propylene repeating 20 unit may have a relatively high value in
at | east eeeoraf mdie fractipermagse higher dbamn Hbe dnglee fractiorc of dhall d-plesini on,
density, and nelting tenperature, with respect to the soft segnent that is
a soft el agidatinglunitforcthetentird bigclacomighenel y high nmole fraction of the
a-olefin repeating unit. This presumably results fromthe higher

crystallinity qf ddagionatse prReETHbcks Tbreseyngmeendy be distingaishableofedmor
segnent can be determ ned and/or identified by preparing a (co)polyner

cor r espong| K a®lleate GMBSropaely Bk #%d!deibel HRCERARELGES
concer nedghggaﬁo%&zgh?ﬁ}elggl gcke copol ;‘é{g? §¥ t he engodi rre(r;lr{9 i ncl udes a

pl ural ity 4af k) gﬁh%aﬁ?igﬂ%‘%gﬁgﬁ R dofdarbRTIANRC ARt 1118 b

properties, 1t can ex 5 heat resistance as we as excel | ent

| astici For.. | . ol
ol ast i 1 S0t SHSEERIR, for xdfhoe, 3 nERDEeaitEn MRt is hohaGrutihE bR

ft elastic block but ngintaj ' [ [
Ferper at uMEATRY SR DR EE R E IR sl erty ot 1SR BEE bh B, GBRES i nElieb s cgrment
that is a er stﬂlli_ne%%({‘k h vi%g a relatively high nelting tenperature.
10 This r& Gé’ls? {ZRtoRy) SR PHUPO (I RIPE Bood heat resi st ance. on

t he other hand,_the bl ock copo| yner of the enbodi t have seqgmnent

di spersi on char B elefia ok cepolymarys & W"&‘ﬁﬁré’f?'ﬁg%é}mgﬁlmﬂ’@&re%&e
specifically, an inmage of the bl ock copolynmer shot on TEM shows that the
first segeeserirtionamayraise dgrdafinadkysthe naftarapentioned spgrent digpgmsion: he
second 15 segnent as a soft segnent is dispersed in the formof a closed
curve las ahdiasparistiesl phalgzecbnby ha fefired s'égh’eﬁmagﬁ\n iRx ageition y torEMei nage

wi th such a dispersion characteristic is shown in FIG 1. Referring to FIG
1, the di afeesedtiphaseropertibe, seclhonas shgnmnte ifraction edfathes edthyylere korcol or i s
uniformy dispersed in the formof a closed curve on the matrix of the
first segpestyléne sepeatingium, the ingdle fMttionlafrthe | crolefin srepeatinigd unit,hthecl osed
curve inplies that the dispersed phase of the second segnent is shaped in
circul ar, qgrddbf srpdtalligstion, Behaty, bometing Bsthpérature, curve encl osing a defined
area, rather than a linear formor a radial formconsisting of multiple

lines. THd6lefih %foc@fc%oEB@nfgr%Pﬂ{eSQQerﬁﬂé (ABadiRRNE fidyingtiset he si ze

of the closed curve (e.g., e’'size of the red circle in FIG 1), which is

defi nijel Yirdl Hd a0dhaRBhfRnld, eaLh '&snt%gHirg%HH@tﬁWeﬁ@BE blophlegdepdatiig ght ness.

For exanple, the size o I sperse ase i's defined by the "diraneter™

that ist rb‘?\itl S1P4 '&-afeﬁn repeating unit at different mole fractions. Further, according

to a TEM (Transmission Electron Microscope) image of the olefin block
copolymer, the second segment is dispersed in the form of a closed curve as a

dispersed phase on the first segment.



5 the longest straight line going froman outernost point on the one side
‘of the closed curve, through the center, to an outernost point on the other
side (e.g., the length of the |ongest straight |ine between any two points
on the dotted circle of FIG 1). In the block copol yner of the enbodi nent,
t he di spersed phase shaped in a closed curve may have a di aneter of about
0.3 to 2.0 pm 10 about 0.3 to 1.9 pm about 0.4 to 1.8 pm about 0.5 to
1.5 pm or about 0.5 to 1.3 pm To determ ne the dianmeter of the dispersed
phase shaped in a closed curve, for ex le, a bar-, sheet- or filmshaped
sanpl e of the ﬂ]@cl@'%%b%?ﬁ%rcquﬂ%{mozgg‘% ?'Hb%g'mwtﬁ SeRFRYa PYEM i mage
and visually nmeasure the dianeter of the dis erseqr phase i n consi deration
of the magaPrelymarizalionopf tedhviene AroREARYIER. Wit aPdlgTik &5 fe CANAIAS: 8P from t he
TEM For precision of the dianmeter neasurement, the dianeter of the closed
curve is etiviene oeprepylenederivedagpeatinaieniband agi artefinrdepixed sereatiR@ur ed f r om
the TEMimge (for exanple, the average of the dianeters of approximately 5
to 30 di speitsed thhadenebtsciors thgdntliusiom of lthe eeplefin vepeatiog unitherivedi nat i on,
the sanple of the 20 bl ock copolymer can be chemcally treated in an

appr opsi afremaoiedin. to have goad@asticityhe sanpl e prior to TEM observation is
vapor-stained with a 1M aqueous sol uti on of nagnesi um sul fate for one hour
or dissol ved amsk ltreabsfinublotk copolymetG@ prepareBEVMsi0Gether aftarenefionedscopy and
M croanal ysis 14 (126- 137, 2008). - The above-descri bed di spersion
char act er icgidhest s§steRl, 3 Myt & MockEdbddRas InBRUINY & IpyuraitgwftdisckBiggth degr ee
of bl ocking and/or the crystal properties peculiar to the bl ock copol yner

of the eniadiaRfsuchS<C it XmpReENirdtpid St8ndisegREhisDBabh 8bMBInfHY el cs, the

bl ock copol ynmer conprises hard and soft 5 segnents definitely distinct from

each ot hery, Iéiwehglsp%gg@ﬂéir%ﬁ%%ﬁgeur‘ﬁpglﬁl@ e afoléﬂgfr%)l%%g?ﬁﬁgﬁ%@tdiﬁé?@ﬁt Is a

matri x phase, so i n ex a hig egree consequently

with hi gh | tjn er [ r, the
Ui ot arapEreri Re 8biEA2 e fis? 3e0mEthal B Sha Forctithd”: 12

cl osed curve on the .d segnent inplicit shows.the 10 st a roperties
peculiar D% ?F@'fﬁ)%x%}g‘@%o@@ﬁ%r@“ﬁnﬁei?d? n@%ﬁ/,m? ﬁefrﬁﬁt}@@k of:gtb%l é’r?!ﬁﬁaof t he
enmbodi nrent has, a defined. range of hi %h crystal | i%?ti on te@ggatur Tc, such
as, for eXargAtipg Y@ ddhess segmenh By Bo@ $Ut gagment Bat j 8002 to
110 C. As the block copolyner of the enbodi mrent has such uni que crystal 15
propert i e€lagig Megncentaining pi sagend Mmelenfrstianefcther grotedip repgating UPat i on
occurs after nelting during the nmelt processing of the bl ock_copolynmer to
ensure a Hgsedthepsepond. maledsaction ds igreatkr &@p&y%ﬁst mple fectiompdderfEst can be
excellent in processability and formability. Particularly, the

af or enent iandestcdnd jsegmients mhwcaotaér a semaimingoiotehisactionudfitbe ethyenst e
properties as shown on the TEMimge 20 correspond to the novel

char act er ipsbpyene tepdating lumitkothepthiapntbe melel fyactioncafvtbe edolefintrepeatings ent
description. As can be seen fromthe after-nenti oned Exanples, the bl ock
copol yner @it. ABeordifMdithe firstvédgmentad beothel hatdsgeynsérmrcoblainsiat iighet i cs i s
fast in crystallization and processing after being nelted, consequently

wi th excelph@Bat frd@iomBbf Ithd Yethylene or propylehe rebBatind ami, thaRethe! eeédorrppol yner
of the enbodi nent can be characterized by that the nole fraction Y (nol.%

of the har, thd It anfil LSt ethlr j X
s@gﬁ%ﬂgﬁ tré thé& - soft ?f;%@?ﬁt.s FUiPereiHe) nid fidefoRdrethkr aidfitn

(rmol . % of yl ene or p ene repeating unit in the entire bl ock

Formid. 1yopepthofliEplfed FiiperfRs BREREbEal et BT s \UGKSRRR T2 1y

ol s oYRe firdt RS e TR frathor. i Bfhe At SAERAY: rRAIE sldfofBr e 2ct ! on

a-olefin repeating unit included in the first segment is lower than the mole
fraction of the a-olefin repeating unit calculated for the entire block copolymer,

while the second mole fraction of the a-olefin repeating unit in the second

8



10 propyl ene repeating unit satisfy the follow ng Mathematical Fornula |a.
1t is reveal ed that one specific exanple of the block copol ymer neets the
equation given by Y = 3.7435X - 283.37 (R2 = 0.8176) (Refer to the

followi ng Exanples). [Mathematical Formula la] 3(X - 100)(Y - 100)6(X -
100) 15Such characteristics nean that the bl ock copolynmer has a relatively
hi gh content of the hard segnment even when a sane anount of ethylene or
propyl ene is used to copolynerize. It inplicitly shows that the nonomners
having a rel atively higher content of e | ene .or propyl ene under qo

pol ymer i z889BANHA MG, qrh@et’B"'PgFarﬁ%PPlQ}%ﬂ'og'ﬂﬁﬁﬁ?at%. Lén.'t,clll alefl s
segnent), while the mononmers 20 having a rel atively higher content of

a-ol ef i n fRidbe gBtiedI9GKFAPPMRN and coupling to formthe soft segment
(i.e., the second segnment). As a result, the block copolyner can have a

hi gher degree df thisomknner, ttharplefite biaskveapolywmel obother pmbpdieentdiagsoner s.
Such a hi gher degree of bl ocking renders the bl ock copol yner of the

enbodi menbldcked xbirhi tomprising ndn splgratityh efitblocksi of ssegments. As thel bladke

Mat hematical Formula 1, the nole fraction Y (nol./0) of the hard segnent
and t he noebpolimacbf tre eémbadimeift comptikes #iehfiise segrmentpli.epyHaehsegeeett i ng uni t
can be neasured by the respective neasurenent nethods as given bel ow, and
the resul tfatak 4 hardengstaline blockr Ravisgd relatiedle highn endlé efracitien aaft #aei st i cs
5corresponding to the Mathematical Formula 1 through |inear regression
anal ysi s. ethylene ofi propyiénet RpelBhg drigiClor OdkardigPlit. hEs &fhighemerind segnent
can be calculated with a tinme domain NVR (TD NMR) instrunent comrercially
avai |l abl e j £ PN % | JASt5Uee Yo Ik erm ne
the free F%%%@%ﬁ%e@a%ﬁd(%ﬁﬂ)o t?(?]ré@; ds\l’alv%)ngﬁgfs t he Obl(?)’cﬁsigop%ﬁ;%ee@, wher e
the FIDis 10 _expressed as a function of tine and intensity. According to
the fol | olRBg Ovavhishaisi bigherdham | the omekting, temparatyg Of the ponvestigagl  5ng
T2s10w are varied to elicit a functional forrmula nost approximting the

gr aph 10f trasdcnbeupolgmiet iypredlefih-Dabed etdstomensd Thherthbbleak chptobymemaf t he
values of A B, T2fast, and T2510w for the sanple. For reference, the T2

(spi n- spi fhe emdsdiment nidyEhow ehhamdddoedt eesistancd ant ajodd staptieity aasn
calculated fromthe functional fornula appears fast, while the T2

rel axat i op|ds@ménavemidt ﬁgs@iefémﬁ&raﬁlr@,mn U@ﬂ?ﬁrism tee cemerfibasled val ues
of A, B, T2fast, and T2s10w, the lower T2 value is deternmined as the T2

val ue of gﬂ ag%s%d%%ﬂ%rsé Lad SthylERERBblefilard®dm BspdN@eRr T2 value is

determ ne val ue of the soft segnent, that is, T2slow. This

roce enabl es, | f i he hard
Cegment as. el 1A Brdifly SELEUELPscinédls, deniys R Tl Band Shofogis

| nt ity = A P(-Tine/ + B. i 2 t j A B,
Tof ast>. aicETZE BBy 1 N il souieeih (s BB ot " Hiso®

In the Mathematical F la 2, [ntensit dti I | cul at ed
thr ough ¢ REVERENERa YR [detngyishab® B0, hedhatbh Tuf e Watadle G Y e

rel axation value for the hard segnent; and Tll?sl_OWi the T2 (spi.n-spin

rel axat i oPreRerys r E1CHAING ofhey afiedtes oOf ¢ FEYSEY 4at'§Bgn§ﬂ‘?s.'tyA aﬁd"%,lt'qﬂni ch are

constants determ ned . )
temperature. For example, the hard segment that is a hard crystalline block

containing a relatively high mole fraction of an ethylene or propylene repeating
20  unit may have a relatively high value in at least one of the properties, such as
the degree of crystallization, density, and melting temperature, with respect to
the soft segment that is a soft elastic block containing a relatively high mole
fraction of the a-olefin repeating unit. This presumably results from the higher

crystallinity of the hard segment. These properties of each block or segment

9



5 by the fitting process, indicate the relative proportions of the hard and
‘soft 'segnents, respectively, and have val ues proportionate to the contents
of the respective segnents. The nole fraction X (nol./0) of the ethylene or
propyl ene repeating unit contained in the block copolynmer can be determ ned
I n consideration of the 10 content of the ethylene or propyl ene nononer
used in the copolynerization, or calculated through 1H NVR or 13C NWR

anal ysis of the block copolynmer. For exanple, the nole fraction of the

et hyl ene repeating unit can be determ ned through a 1H NVR anal ysis on the
bl ock cop&®y Rerdaternynath@ndiariidentified by Rrepating a&qIROIFHRr ‘f‘HéeSrﬁ’Bf‘a‘W gr oups
appearing at around 0.9 ppmin the spectrum or a 15 13C-NWVR anal ysis of

t he bl ocktaeas Blaek or egmentlandimeasuripg the prorertigsogscemed: epeati ng unit can
be determ ned through a 1H NVR or 13C- NWR anal ysis of the bl ock copol ymer.

I n anal yzi ng arks ihel dedlatopudyrhéreofitbe enfbaglirnéentrindfides erplurajiyaafibhecksni t by a
13C-NWMR anal ysis of the block copolyner, for exanple, the bl ock copol yner
cont ai ni ngr segeiehid distncirirgmnamyel anathee jre #tdim gropertiesaitdcam ezhib@ @ooldef i n
repeating unit such as 1-hexene is subjected to 13C-NWR analysis to

quant i § at hugl pesriRlceze Wélkat excallant elastidignFpeaksngle, thbdldak ddpalynerar bon

(met hane carbon) peaks of a nethyl or butyl branch, thereby determning the

mol e frachpppnRf h&@%&bﬂéﬂéeélasﬁwtypés)@yb@ﬁ@fitrﬁmambnmcm&idn of thdrasoft- ol efin

repeating unit. or a plurality of block copolyners prepared by

using dif %@{;meht AP %oﬁfelétég.g Hgm%ctlé’ﬂ)tﬁr}ﬁaiﬁfair% g8y BRISARIOGRN wgght the same

pol ynmeri zatTon condi ti ons, orenent | oned™ net s are adopt o]

oo o ! DR Sl arfa BRtenght Yadhiofy "Rie! 15 AR BF thEchaRd! ©

fraction

segment that is a crystalline block having a relatively high melting temperature.
10  This renders the block copolymer to have good heat resistance.

On the other hand, the block copolymer of the embodiment may have
segment dispersion characteristics as analyzed by a defined TEM image. More
specifically, an image of the block copolymer shot on TEM shows that the first
segment as a hard segment takes the form of a matrix, while the second

15 segment as a soft segment is dispersed in the form of a closed curve as a
_disperséd phase on the first segment. An exemplary TEM image with such a
dispersion characteristic is shown in FIG. 1. Referring to FIG. 1, the dispersed
phase of the second segment in a relatively dark color is uniformly dispersed in
the form of a closed curve on the matrix of the first segment in a relatively light

20 color. In this regard, the ciosed curve implies that the dispersed phase of the
second segment is shaped in circular, elliptical, or similar form, that is, a curve
enclosing a defined area, rather than a linear form or a radial form consisting of

multiple lines.

10



5 ethylene or propylene repeating unit and elicit the relationship between
the two nole fractions X and Y. An exenplary illustration show ng the

rel ationship between X and Y is presented in FIG 4. The relationship
between X and Y is used to acquire a relational fornula corresponding to
the Mathematical Fornmula 1 through linear regression analysis and to

det erm ne whether the copolynmer 10satisfies the Mathematical Fornula 1.

In a nore specific exanple, the block copol yner of the enbodi nent nmay
conprise about 80 to 98 nol.% about 80 to 93 nol.% or about 85 to 95

nnol . % of the dhByAIZeHe BE dsPSHACRRASESFERS AgfinGgdi 1Y ﬁ’?r?ézeo‘?fggﬁc 5691 ymer may
al so conprise a remaining content (i.g., about 2 to 20 nol./0, about 7 to
20 nol . % cevelfe.gbothe s5ize afs thel red) @cle He ZIG) ebi nwhigBeist idefinlialyt in
addition to the above-defined nole fraction of the ethyl ene or propyl ene

r epeat i ngdistinguisiatde tfiloot thecsyrodunding owtixaphase ebagivnessd iar mxampis. e
fraction of the a-olefin repeating unit to have good elasticity and al so
has the ntHecsite attheodispérsediphaséig dafimedrbypthe Jdiaereten’ dyadas theglengihtofopt i i zed
to ensure high nelting tenperature and 20 good heat resistance. In
addi ti gn, tHhrnbksCkraightdinengsing ffrdn@nestiemhast poirda@s theobné aide ofotheat i sfy
the relationship as defined by the Mathematical Formula 1 in the entire

content rgpged@unid)ehroagiedié Bentenitbin d\rendstpdirit,orf the dthecside¢pal,yner can
exhi bit a higher degree of bl ocking and thus good heat resistance in the

entire ra fithe SaHREsRRIhRh YinBasenwBan amlyeiWoS bbits 8A tAE dJtat onner .
The bl ockﬂglpo F}‘rrg)r tn%y conpri s@ ablcr)]ut 20 to 95 nol .b% about 25 to 90

mol . % or c?la_gga_;f, 'Eg%f) . %ﬁ ﬂtﬁg' %%Qk %Pbpﬁ\é?aéfdth%egﬁsaain%?ﬂ lﬁné/q@@ﬁbfgeﬂg ol e

5fraction nnol . % about 10 to 75 nol.% or about 15 to

80 mol . % pﬁ%sésggﬁéc%{ In 8 A eurve rr]n:iyhhéa\% %ﬁ%ét@?gf QBBL\fte@BatBDﬂQaﬁg,pl urality

of bl ocks S contarned i e copol'yner, the har egnent
means a hard crystalline se nt, hayi n | aLi.vel i faracti on of
tho. otfyl ehauERX3pokoiERAFERER g Ll 2008 Ghid ¥ wel S ARLEGEE [ 20ns
soft elastic se nt havin .relatiyely high le fraction of the a-olefin
repeat i ng lehHM- %Agd%tﬁﬁmaﬁdgﬁ%@dﬂ%tﬁpRﬁﬁ‘%ﬁf"sP%éegDrP&Sa? ﬁ@ﬁ?ec@mﬁl%see? t he hard
and soft segnents in the defined nole fraction ran i an exhi bit high
mel ting t EHPYEs Brexempiel aybRio et ordimsshaned Sﬁﬁ}p?%gﬁi’hﬁé’t'?‘g( ¢IROIMMETd segnent
as well as excellent elasticity caused béh_t he soft 15 segnent. The bl ock
copol ymer infexaminesniisti arerkM niayobiaine aaTEbhinage gndayisvallyomggsyrs Heg2 g/ cns,
about 0.86 to 0.90 g/cnB8, or about 0.86 to 0.91 g/cnﬁ and a wei ght average
nmol ecul ar dieenefet offthaetdispersed phase i, GOGidzDationabbthe TERANFation 10r0190, 000, or
about 50,000 to 200, 000. Further, the block copolynmer may have 20 a
mol ecubar awomditicatly stalclatei dre (didtbetemiirivm) todf TEHEutFaR. precisi®d) odbthet 2.6 to
S, ,

diameter measurement, the diameter of the closed curve is determined as the

average value of X diameter values measured from the TEM image (for

example, the average of the diameters of approximately 5 to 30 dispersed

phases each shaped in a closed curve. For TEM examination, the sample of the

20 block copolymer can be chemically treated in an appropriate manner. For
exarhple, the sample prior to TEM observation is vapor-stained with a 1M
aqueous solution of magnesium sulfate for one hour or dissolved and heated up

to about 100 C in TEM (Reference: Microscopy and Microanalysis 14 (126-

137, 2008).
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,or about 2.5 to 3.5. As the block copolyner of the enbodi ment has such
properties of density, nolecular weight, or the like, it can show
appropriate properties as an el astomer, good nechani cal properties and high
processability. Particularly, such a high nolecul ar weight distribution of
2.5 or greater may render the block copol yner of the enbodi nent to have
good processability. The bl ock copol ynmer nmay conprise an a-olefin
repeating unit in addition to an ethylene or propylene repeating unit. In

this regard, t a-olefin repeating .unit nay be. a repeat]i ni erived
from a-ol efins, uﬁ?\o‘é?édis-%'gggn%?pe?-s'og %‘@ﬁ?éﬁ%&%-%@ﬁ@%g ggﬁﬁﬁttﬁﬁ@,

1- hexene, . 1- heptene, 1-octene,  1-decen 1-. undecene, 1-dodecene,

1-t et r adedBage Mplicily-shovethe high @9@%6@9’&“6‘9 anc @p@‘&tqrﬁgawﬁ{’?e&@?i ved from
at least two a-olefins selected fromthose |isted above. The_ ol efin bl ock
copol yner peeuliando dhe difckesrpohtierneinibe; embodimenhAs gan kel sranofiomrsthenhe
a-olefin repeating unit to have good el asticity and exhi bit good heat

resi st ancdispersiorc cthissagiensfissofthet blogk goprdynee eompsiseskhaed angr ts8flr , t he

ol efin bl ock copol yner of the enbodi nent may have the novel dispersion

char acs er segmestsdisfimitefydistiney froheedéivbthenged hasya cansigerapler cordent efnd hi gher
crystallization tenperature. Such characteristics of the bl ock copol yner of
the 15 enttmlhamhsegment thatfisst natrs phbse,zsd iitocaroexhibé D highkdegpel gfner
during the nmelt processing and thus ensure a higher rate of nelt processing
and nore glRInge NoRskueHtgC aREaRI highy meiihgl esmpdraturé yandrkeigebar Beatt he bl ock
copol yner of the enbodi nent can be used in a w der range of applications

requi ringd@ahnéE iR Che WHRIAAUR I sibRflthgisbfitdegifentfasd Gfs}lgérééas ed
el astonmers in regards to 20t he range of applications. he bl ock

copol ymer gﬂésé h#aBBRaH! sedBYURE &5 8l HaPS tihrichk lidhplidtRshohvBethe

applications In Ich the conventional el astoners have been adopt ed.

Mor eoyger, ¢ ?albg&%nregpﬁl% r @ tﬁé‘%I@W%@Fﬁﬁﬁfm%?&p@%iﬂﬁfdt & okl der

range of applicatrons i ch the convent I n-pbased el astoners are

b iall d d.b f Ihei . @Si ,
st oad,  eneov iR R SREITHEC 0% o nSinel” ool B G B IARER,

| efi n-based el ast . F le, th I f Lenbodi t
< usea |t SRR o o AOSASHPIE: SRR SE, 10,140 bPREUEIACROH & par 15 or

interior materials, such as 5 bunpers, trimmng parts, etc.; packaging
mat er i al soriabsut H02 togl 10aferi al s; househol d products, such as shoe sol es,
t oot hbrush grips, flooring materials, knobs, etc.; adhesives, such as

pressur e- sensi tAY g AYISK ¥Ssolyel oFthé | b GIMBRL K88, stRhCunigh® X@stalPi Pes;

and so forth and adopted in a variety of other applications and uses. 10The

bl ock 1%0%'{7@53&6;5%& th%gpagﬁi% fepag%% ekt &gﬁgmaﬁ@ SR 5@# on with

ot her "poly resin ~any Kin tives used In an orm of
L: lo(r;rf; nglsr?gjﬁﬁ %ﬁ,‘ﬂge}gs ng rmefI{ lFDJ?c)rcse'ssiQ{:]j 3fht?|e0tglg&r cQS‘é]QmeF I‘E'(? eﬂg&yeeé drgaﬁi“ bed

molding. Thus, the block copolymer of the embodiment can be excellent in

processability and formability. Particularly, the aforementioned dispersion
characteristics and the resultant crystal properties as shown on the TEM image
20  correspond to the novel characteristics of the block copolymer newly discovered
in the present description. As can be seen from the after-mentioned Examples,
the block copolymer of the embodiment with such novel dispersion
characteristics is fast in crystaliization and processing after being melted,

consequently with excellent formability.
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,prepared by copol ynerization of ethylene or propylene with a-olefin in the
15 presence of a defined catal yst conposition. Such a preparation nethod
for the olefin block copolynmer may include copol ynerizing ethyl ene or
propyl ene with a-olefin at about 70 to 150 t in the presence of a catalyst
conposition conprising a netall ocene catal yst having a G oup IV transition
netal and a Lew s basic functional group, and a cocatal yst having a Lew s
acidic elenent 20 and an organic functional group. Particularly, in the

preparation nmetho t he tall ocene catal yst and. the cocatalys nder the
above- def i ned éﬁbgﬁl‘?ﬁ)&??rgﬁ i nt?]f’eﬁ]ﬁglf aCtOBP&mce(Sn(ﬁi Woﬁ@gi)é'f&e LS esﬁatel y a
first state where e lew s basi.c funcyjonal up. and the w s, acid

el ement fS"r“?i‘ﬁaﬁﬁ‘?”é%‘it] gyﬂ;é%t\émﬁdﬂ e fragtign %@ﬂ%%%@&%@PEQWﬁBP%’JP?ocene
catal yst and the cocatal yst has no interaction with each other. Further,
in the fifit sepment) and thy sagle Ifagtipn S (mobie) it e ethyiene reR™PY'SBEne

catal yst interacts with the organic functional group of the cocatalyst. It
can be pr eafieatieg unitdo thﬁ@rﬁtmbloyhmopzb[meo@aésfyégﬁjo@mgn@Nqih@rpsytl@aie 5 with
a-olefin in the presence of such a characteristic catal yst conposition
conpri si ngotrhdarfet al | ocene catal yst and the cocatal yst | eads to production
of the bl ock copol yner of the enbodi nent presunmably accordingly to the

fol | owi ng techifMatilenmaticabRorsmala The net al | ocene catal yst contains a Goup |V
transition netal as a netal 10 center and a Lewis basic functional group
havi ng noncoval(gntioeh ect r&X pE00)s (e.g., an oxygen-, nitrogen-, or

sul fur-containing functional group), while the cocatal yst contains an

organi ¢ functi qrplex8iPIE) tRs blaek lco?ﬁymel'-m@y%aa/@itﬂé encké REEMIN Yqmahby of
form ng a bond with noncoval ent electron pairs (e.g., alum num or boron).

|n the cage(pl Hi3nGediént! Wa AREPABRN frabR X/ Snokye)! ST diRYERD drhe

met al | ocene cat al yst "an e cocatalyst in a polynerization system the

cat al Xé{ apg%yjség%t @%@Q@%ﬁ@ eétisfrmmé)ﬁmggogfd 1R SRat SIMIrALIY §aMRYist ake the

first’s asi c ‘func group and the Lewi s acidic

f‘é'f oup 1V (riatts ﬁ%fh SR pPonE altblh, bEFeCERE “é%?@f‘:;@&%ﬁ%ﬁ%%%?@éﬁ?ﬁz t :e
covat l yaBMRRPYLLRe TRPKG ARG L0 paf) (ebao i lre Mt SRbBIE) on "

bet ween the netal | ocene tal yst and the cocatal yst (for exanple, the Lew s
basi ¢ functi ona{ﬁag}%ﬂﬁ}“’éﬁgc’ﬁ aﬂéi\l/i s acidic el ement do not form an

aci d- base bond; or there occurs no interaction between the Goup IV
transition net AXard®® hé odYgafi® f2intX oh@) group. Particularly, the
catal yst and the cocatal yst at the polynerization tenperature may take the
first land secorfilohtchasgctalistios magas fhat te Boglsconadyneriasa iatingbehighe ener gy
gap between the first and second states is as |ow as about 10 kcal /nol or
| ess or albontent dfcthle/ hnatd seghnest avenawhew a samé tarheunteeh ethidere rast and 5
second states with ease at the polynerization tenperature. In this
regard, tpeopistegy ugap tcaopdigmedas. Ut ieaplicily showslatahe omalonsdre magiag net hod
using a Gaussian programor the |like, as apparent to those skilled in the
art. The explativslyHighdrajontdriief kiWieheas stopylene badergopoiymenzhtion ande fir st

state" inplies that the Lew s basic functional group is bound to the Lew s
coupling to form the hard segment (i.e., the first segment), while the monomers
20 having a relatively higher content of a-olefin undergo polymerization and
coupling to form the soft segment (i.e., the second segment). As a result, the
"block copolymer can have a higher degree of blocking than the conventional

olefin-based elastomers. Such a higher degree of blocking renders the block

copolymer of the embodiment to exhibit more enhanced heat resistance.
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10 acidic elenment through a covalent bond or a coordinate bond, or
conprehensi vel y means that there occurs an interaction between the Lew s
basi c functional group and the Lewis acidic el enent caused by the Van Der
Waal s force or the equival ent signnatropic rearrangenent. Further, the
expression that "there occurs an interaction between the Goup IV
transition 15 nmetal and the organic functional group of the cocatal yst"
nmeans that an interaction takes place between the Goup IV transition netal
and the organi¢ funciional,  group b Va r.. .\ f.Qrce, or th

equi val ent sigﬁ'&tﬂﬁeo 3&“?@3@(%&%38’9@%f%ﬁﬂ?ﬂ%?@%ﬂ%%&%‘?'ggéi’fe SHAE “there
occurs no interaction between the netall ocene catal yst and the cocatal yst
in the ses&egmentandthexmolefiactiar X (mal-%ehef the gthylenasercrroanene éergatigeoup and
the Lewis acidic el ement do not forma Lew s acid-base bond, or neans that
t he G oupuhiycan®egneasiiedrby dhe repectiva Measwiement methrdsrs givgadelowunct i onal
group. However, when the netall ocene catal yst and the cocat al yst

t ake t he findghe sesilis, oftthe meamwemeouare usad tretealeromet tbe afaradieristissal | ocene
catal yst beconmes narrow due to the Lewi s acid-base bond and the

i nt er ast i carrbspomgliny tohtbe Glathembtical Famsulai Oihrowghalinesan dedgriesion gaalysis.
functional group. Thus, ethylene or propylene rather than the relatively
bul ky a- ol ef i n,Fifstlyt lise frholet frattidre,Y t(@wli% )t of ghenhacic gegment tdae bat al yst
and invol ves pol ynerization. Wen the netall ocene 5 catal yst and the

cocat al ystalealated NAtSaf aitte Sdéth@in  NIMR SEIEE eNRIR) UindtriientBlommeidligr  of the

net al | ocene catal yst beconmes wide to make the relatively bulky a-ol efin

monomer maosnaﬂ:ﬁ.%gieb&ﬁeéiﬁban etheat B NIRR in8RGinBst 4Pusid b Bekyiiki that | on of
a-olefin at higher content. Tn this manner, the specific catal yst system of

the me!al xaGeRRudiBh Heral (D) R (oI RF BibIYek cadlyiEr, UhRHe i RID 87 nat el y

take the first state In ng pol ynmerization o yl'ene or propylene at a

i oherOcoRtaeseis 25 1 IRIRY “of HeCahd RlctisRg, RELKARY £ hetollonfiop © ' "

pol yneri zation usi t he ahoye-describe talyst_ conpositiaon includes a
har d segn&ﬁt %'Bﬂﬁ%ﬂqﬁ:i%@u!f EeYOﬂiWQP{?”Pﬁ'%CﬁDTJéfaSM"Pr 9d°l"’o"ﬁeo‘f"’mteﬁetoet hyl ene
or propylene repeating unit, and a soft segnent coptaining a relatively

i gh o] e SHFhE FHEOBA OHEYIE BFE AP UpRING G QAR Of 1F FhAVERENaNC: e

ol efin bl ock copol yner can be prepared with ease by using a sinple catal yst
syst em r af@fungiign %[‘%EB\?{#QYC&%%Ieff%!ﬂﬁltl}%tvag‘%tcérﬁ’c%rﬁﬁﬁstsiaﬁe s~ f2ansi ti on
metal catal ysts and thus endowed_w th such a hi gh degree of 20bl ocki ng,

di sper si oth& Ramals: &or sefiecenceaithe &2 (spintsppt splexatioadingg) gaxatiombder WBove.

In a preparation nethod of another exenplary enbodi nent, the pol ynerization
t enpenat uhardraggroentadm calcTiatadofrdrbche furitional f8émula dm@ars fashowshiledthet o 110 C
, or about 90 to 100 C. Under the polynerization tenperature conditions,
ener gy shiTtrelaxation fdrehaseft sehmeht issslowndeses, ambrgt theesalculate vebes, and t he
respective nononers involve polynerization reactions efficiently. It is

t hus possioblag BJMRL,, bhé TIRQL.Y e ickairi Tinvalasns daterminedoasltHe DR value efbt ai n an
ol efin bl ock copol yner having a high degree of bl ocking and good crystal
properti eshevhbR Segifent! allis, TR aWEiIRY tharighav THvalnetid astepmpidal & the

enbodi nent, a preparation net hod for the olefin block copolynmer may use a
met al | ocens VaEbY e S SGnTEM Ahat (S PR, ThisHRGEss iabiliflo Giciate®t al
center and a Lew s basic functional group (e.g., an oxygen-, nitrogen-, or
sul f ur,sco WY | oA j V. t jrs). If
ot sfli et facEigtos) o he pErd i AR UM, 8 coR BRI APEE oy

i ncl ude a netal ene _compound_r.gpresented by the foll ow ng Chem cal
Formula 1, in M?%?té%aiﬁrgﬂr%ﬂatzﬁe characteristic of appropriately taking

the first and second stat | f.ernately gnd ol riization activity for
et hyl ene or pr cfﬂfﬂné 'ﬁﬁ%}-%rtﬂeﬁ fﬁs‘)eJ'a@h>< E%Ef{ﬁme’yfim

Determine A, B, T2, and T2g0w by fitting.

Hard segment (mol.%) = A/(A+B) x 100

14



[Chemical Formula 1] R1R8 R2Z R5 X1 M X2 R17. R15 15 In the
‘Cheni‘cal Formula 1, RL to RL 7 are the sane or different from one anot her
and i ndependently sel ected from hydrogen, hal ogen, Cl-C20 al kyl, C2-C20

al kenyl, C6-C20 aryl, Cr7-C20 al kylaryl, or Cr7-C20 arylalkyl; L is Cl-Cl10

| i near or branched al kylene; Dis -0-, -S-, or -N(R)-, wherein Ris
hydrogen, 5 hal ogen, Cl-CD) al kyl, C2-C20 al kenyl, or C6-C20 aryl; Ais
hydr ogen, hal ogen, Cr C20 al kyl, C2-C20 al kenyl, C6-C20 aryl, C7-C20

al kylaryl, C7-C20Q aryl al kyl, - C20 al koxyal kyl .. C2- C20, het er.ocycl,oal kyl ,
or C5-C20 het er%é'ﬂ?Matmgtéq%gﬁﬂﬂwa[ﬁi”éteng’ﬁ((?—g‘i timg grg ‘f?&ﬁ’?dcep%‘ﬁ%?ef’o forma
ni trogen-cont ai ni n% heterocyclic ring_such as five- to eight-nenbered

het er ocyclthreugh d F{R2 agalysis; Jerids i TSr(SpirsRin irelaxation. t"ﬂg} ElRING oup 1V
transition netal; and X1 and X2 are the sane_or different from each other
and i ndepaatienforythe chasd tsegmensnand | TZgenis e G2o(spinkgpin refaxation dim@ny| | C6'
C20 aryl, nitro, amdo, Cl-C20 alkylsilyl, Cl1-C20 al koxy, or CO-C20

sul f onat e relaxation val@eitdr the seft sepmeshd and &, ydichcanet cinstands fleteemingdal gr oup
denoted by "AD-" where Ais bound to D (e.g., oxygen, sulfur, or nitrogen)
havi ngsa by thenfittingl protess|, éndicate thai relatvedprapQtionp df\ther bardi andrsoftet al as a
netal center. Thus, the noncoval ent electron pair contained in the "A-D-"
funct i onalsegients, sespetively, and ¢iaive ass popbriomate tathied etwateatsboftihewi t h t he
Lew s acidic elenent of the cocatalyst, and the Goup IV transition netal M
i nteracts rpdgdetivdeeghentai ¢ functional group of the cocatalyst. As a result,
the netal |l ocene catal yst 20 and the cocatal yst take the first and second

states al ternat frabtldreX fme PR lof IS eEAtdrRNo B} @8FeatgRIrMPY | ene
with a-olefin. T/ mofe rEach sSbst?o?uent o?@% he rrrgérgﬁ?oceniﬁecolrrgound

represent ed oy ddfh HEBIoER! cdpBlyMiracah B8NdEmIRES ih ReAsiBFfiohP&ICInE! cal |y as

fol | ows.
10  content of the ethylene or propylene monomer used in the copolymerization, or

calculated through 'H-NMR or "*C-NMR analysis of the block copolymer. For
example, the mole fraction of the ethylene repeating unit can be determined
through a '"H-NMR analysis on the block copolymer to quantitatively anaIyZe the
peaks for the methyl groups appearing at around 0.9 ppm in the spectrum, or a
15 "®C-NMR analysis of the block copolymer. The mole fraction of the propylene
repeating unit can be determined through a 'H-NMR or **C-NMR analysis of the
block copolymer. In analyzing and calculating the mole fraction of each
repeating unit by a ">C-NMR analysis of the block copolymer, for example, the
block copolymer containing an ethylene or propylene repeating unit and an a-
20  olefin repeating unit such as 1-hexene is subjected to C-NMR analysis to
quantitatively analyze the terminal carbon peaks or the tertiary carbon (methane
carbon) peaks of a methyl or butyl branch, thereby determining the mole

fraction of the ethylene or propylene repeating unit or the a-olefin repeating unit.
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,The C1-C20 al kyl group includes a linear or branched al kyl group. The
speci fi c exanples of the al kyl group may include, but are not limted to,
nmet hyl , ethyl, propyl, isopropyl, n-butyl, tert-butyl, pentyl, hexyl,
heptyl, octyl, etc. The C2-C20 al kenyl group includes a |inear or branched
al kenyl group. 5 The specific exanples of the al kenyl group may i ncl ude,
but are not limted to, aryl, ethenyl, propenyl, butenyl, pentenyl, etc.
The C6-C20 aryl group includes a nonocyclic or condensed-cyclic aryl group.

The specific exanpl es of t ryl _group may_incl ud e imted
to, phenyl, bi Eﬁéﬂy‘ﬁ‘,’raﬁ&p‘ﬂ{}ﬁ?ﬁf X%‘F?iﬂgﬁ‘%rﬁ%ﬁ?rletacwlﬂgpg%ﬁe,rg@tt%ﬁgqrg%‘he C5- C20
het eroaryl group includes a npnocyclic or condensed-c cli? het er.oar yl
group. Thef dhecrthyiens HimpPERPYIsne; RONQIRRS dumder '@Po@ﬁ"\%&f"imﬁ*r{f@g?nbut are
not limted to, carbazolyl, pyridyl, %ui nol i ne, isoquinoline, thiophenyl,
furanyl, cenditens, dhe ofaremnentioned hingthwidy| arer praptedeto MmaRsHIR, B RSNy | |
tetrahydrofuranyl, etc. 15The specific exanples of the Cl-C20 al koxy group
may i ncl uftectidruY (amob%)caf the hiaré segmenhand the mote fragtjon SHaWYoxsf the

cycl ohexyl oxy, etc. The specific exanples of the Goup IV

t ransi §i osthyire ormmrgpylant uefssatibgtunitrandnelicit| theireletionship betwasinune twpr coni um
hafnium etc. Wth a viewto ensuring the appropriate activity and

char act er iniilé dgactibnL X tamd VetAd lexempéary dhysitatidn oshawieg Ghenietadionslipnul a 1,
Rl to R17 of the Chemical Formula 1 may be i ndependently hydrogen, nethyl,

ethyl, pregileen R HHOPYS préseBtsddyin, FIGRI4. -Tihét ilatiopehipbetwben W andapisy|
octyl, or phenyl; or any one of other different substituents. I n

the netal |06 /e acqIROA RélatidnaPforiiify Ees8poAtingab e Mathérmatidee Farthulaear or
branched C4-C3 al kyl ene group. Further, the al kyl ene group may be

unsubsti t qttﬂ&%@%ﬁykb%gﬁnv‘éﬁ%s@s Ghd @8 Uetbiihe SiHatbr e cbpokfea! kenyl

group, or a group. 5I'n the netall ocene conpound, A of the

Chem cal FEqr.ml : 4 et hyl, ethyl, propyl, isopropyl,

n- but 3? tsgﬁ%i-léﬁgpéll'!gmrrek rﬁﬁ%xyﬁéﬁﬂ@?,mt ert-butoxynethyl, 1 -ethoxyethyl, 1

-met hyl - 1- net hgxyet hyl . tetr ( |, : ; or any
FELThIH snecitc! SRHIORKE Bibek cobBy R BBk ment

one of other diPPM specitic exanples of the

net al | ocene conpound resen 10..Cherg, cal _Fo I 0,1 Ncl ude,
but are n&Pmpi"ggeﬁaUt%ﬁq ﬁé"@%&%&iQﬁé%%éé@ﬁ%dorb?ﬁql‘hglblftglq%o'ﬁng%é’ Cheni cal
Z%gg: ﬁeﬁiof Efﬁcgee{jngﬁgrlae lf)?rprrrlcj)lpﬁerzlé reéegtfn%p%iia.t Jﬂ%‘ bqgékhggpag/mgp cgrt]ahyegls%xerrpl ary

comprise a remaining content (i.g., about 2 to 20 mol.%, about 7 to 20 mol.%, or
15 about 5 to 15 mol.%) of the a-olefin repeating unit in addition to the above-
defined mole fraction of the ethylene or propylene repeating unit. The block
copolymer contains the above-defined mole fraction of the a-olefin repeating
unit to have good elasticity and also has the mole fraction of the ethylene or
propylene repeating unit optimized to ensure high melting temperature and

20 good heat resistance.
In addition, the block copolymer of the embodiment does not fail to
satisfy the relationship as defined by the Mathematical Formula 1 in the entire

content range of the repeating units. As a result, the block copolymer can
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15 cocatal yst containing a Lewis acidi< elenment (e.g., alum num boron,
etc.) and an organic functional group, in conbination with the

above-descri bed netal |l ocene catal yst. Such a cocatalyst is not specifically
limted inits type, but the representative exanples of the cocatal yst may
i ncl ude the cocatal yst conpounds represented by the follow ng Chem cal
Formula 3: [Chem cal Fornmula 3] -[AI(RL 8-Qn- 5In the Chem cal Formula 3,
R18' s are the sanme or different fromone another and i ndependently a Cl-C20
hydr ocarbon or a hal ogen-su ituted Cl1- C20 drocarpon; .and n is an

i nt eger fPHHP'ﬁa(@QB‘?r,g%Efe?ﬁ’?gjj@)(mlgrﬂ?ﬂ us gogyl heat resistagge in 1N& 8B, y st
contains alumnumas a Lewis acidic el enent and an organic functional group
denot ed bi{anaegvhergdt w@éﬁw&%haﬁefearaﬁﬁeysvf&a&a%e@ém 10 aci d- base bond
properly with the netal |l ocene catalyst of the Chemi cal Fornula 1 but also

i nteracts with Theeblaelogppalymer mayi edrapriseealout A0 1oh25 mat.-dh.| K ESdat al yst .

As the energy gap between the first and second states is not so high in the
case of uSDmyolt%eomataut|20ctondd owl.54 9ithediardisegtientiandia ronaining molet he

net al | ocene catal yst and the cocatal yst take the first and second states 15
al t er nat efrgctivrdéire. t Aleowtb® e -80efbh%d abopblPrter 7% aidl.Ok ¢realpeutatute 80ondi ti ons
to initiate the copol ynerization of ethylene or propylene with a-olefin.
Such a cogwl.g9)\Fithé Soft8€gment. conbi nation with, for exanple, the
above-descri bed netal |l ocene catal yst of the Chemical Fornula 1 to have an
appropriate polAdBEdHBEY UboIE! Abhyy af Pirafifyhof BoEksr uigaiaits Bentam@da- ol ef i n.
Therefore, the use 20 of the cocatal yst together wwth a proper netall ocene
catal yst ¢ [ A1 ' [ H sfahiel ¥emhef the
enbod! ment™ 5&’??*“’2“6%%’%3@“53; fend R%??}@?%’F‘FF%? b & nBtd e s T e of

bl ocki ng.

- [ 5@;@ ‘Fégm of the
Chem cal 8¥'Hﬂlaare?ﬁr\:/§y§?ﬁﬁﬁjdééeﬁﬁe y ﬁﬁ?%&#ﬁ%&aﬁﬁ%@?‘%ﬁﬁyg un‘ll %g@}he,
i sobut yl lL.unj. noxane ty umi ; G by
i i ot anE gt seqrybigthe ' S5t 8Ruo Shimpnf HB0He WHGRANER B i 1 g
the netall ocene catalyst an he cocat al yst ,c repared by a.typical
net hod t hg%oﬁ? :}Wﬂ?'QBSOP/hE\ﬁ ﬁ‘gﬁ?ftﬁ'é rgp%aglggt 'zi'f{'gs‘t% iatﬁe glﬁﬂ&&c‘%pwm?ptﬁethey
net al | ocene catalyst. In the case of using an addjti.opal, cocatalyst, the
cocat al ys€&hogHn C[ﬁl"ﬂprlsﬁsct%ﬁa aﬂ}é £ tsﬁ&mﬁﬁttsdpﬂ'&%gﬁﬂn%mfeﬁ/&?d%n
si mul t aneously or sequentially. Consideri ng% the interaction between the
met al | ocefi@ngsat Kl Gat axhitbit Righc sealing Jiemperaturengndgogph rhealciasistanncg t o
bring the cocatal yst of the Chem cal Fornula 3 containing a Lewis acidic
el ement i petteining acthewiard segmenkasiveb asraxcelgni|sjasticity FasadPy the sfher
cocat al yst. The nolar ratio of the nmetall ocene catalyst to the
cocat abystsegagnbe in the range of about 1/5,000 to 1/2, about 1/1,000 to
1/ 10, or about 1/500 to 1/20. Using the netall ocene catal yst and the
cocat al yst wi t Hilve blvek dbolyetkrrafrthe evfiboditnant matyi lmaveod denkify ehsboets an

appropriate interaction between the netall ocene 15 catal yst and the
cocat al ysto 88t PORUPEHMS abote0B6i tortdd grendf ot Abowtdl.86 td §.9dfg/tind andtaal | ocene

catal yst caused by an excess of the cocatalyst and a rise of the unit cost
of the prQ#g§s-average molecular weight of about 5,000 to 3,000,000, about 10,000 to
1,000,000, or about 50,000 to 200,000. Further, the block copolymer may have
20 a molecular weight distribution (MWD; Mw/Mn) of about 2.5 to 6, about 2.6 to 5,
or about 25 to 3.5. As the block copolymer of the embodiment has such
properties of density, molecular weight, or the like, it can show appropriate

properties as an elastomer, good mechanical properties and high processability.

Particularly, such a high molecular weight distribution of 2.5 or greater may
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In the preparation of the catalyst conposition, there may be used a

sol vent, including an aliphatic hydrocarbon solvent (e.g., pentane, hexane,
20 heptane, etc.) or an aromatic hydrocarbon solvent (e.g., benzene,
toluene, etc.). Further, the netall ocene catalyst or the cocatal yst may be
supported on a catal yst support such as silica, alumna, or the like.

In the preparation of the bl ock copolynmer of the enbodinent, an olefin

bl ock copol yner can be prepared by a nmethod that includes the step of

copol yneri zi an et hyl ene or opyl.ene mononer with an a-0 i n nononer in
Che” bt eceraseate HEcR katalvmat el hERPEaimPO e My miseh s sPSaRTY ni g ¢ ne

net al | ocene catal yst and the cocatalyst. In this regard, the a-olefin my

i ncl ude at | easthed?lecksePRAYTBEr MaY PIRESE ARHOIEIRSFREFYNG Wit 'T-agg{t'é’ﬁe,

1- pentene, 4- 5nethyl-1-pentene, 1l-hexene, 1-heptene, 1-octene, 1-decene,

1- undecento an etfenseneropylenetreperinendnit {n i segasdnide wAlgfin repeRtivge.

A preparation nethod of an ol efin bl ock copol yner accordi ng to anot her
enbodi menunitapap ee ar répedtiogt uninh derived drany i-olefing,o ad¢h iasnd-butene, he
preparation of olefin copolynmers except for those specified above. Specific
exanpl es pentehe, Wmefoll-t memitarsd, | Hihezemali 1 ihepsersr, e1-deteoei blededane; he

after-nenti oned Exanpl es. Hereinafter, sone exanples will be given
for bett eundecsisst aadidegernd, tiitetrpdexepe; tHasxadguenen,orbutitddeaef arl awi ng
exanpl es are presented only for a nere illustration though, and the scope

of the presstingestt UBHiVAN frohPuat dedd@ttwbeoORThis! siectb@ e dRbsagidiedher eby.
15<Pr epar ati on anple 1> 1) Preparation of ligand conpound 1.0 nol of a

tert-Bu-Ox660) 6MJCL sol ution was obtained as a Gignard reagent through a
reaction of tert-Bu-0-(CH2)6CL and My(0) in THF solvent. The 20 Gignard

reagent thus obiiil BRn'BALEARB s Skl ERbodUE i BoRehERbf e compound

(176.1 m., 1.5 nol) an at - € resultant sol ution

res, SSbL il BPuOBMATRER A Eol ¥ pEEBNER MtV 9RE AABIER
comboung. gt 4 0L LSRR B AV bl o BURAS it 20
olefin block copolymer of the embodiment may have the novel dispersion
characteristics determined by the TEM image, crystal prbperties, and higher
crystallization temperature. Such characteristics of the block copolymer of the
15 embodiment lead to fast crystallization of the block copolymer during the melt
processing and thus ensure a higher rate of melt processing and more
excellence in processability and formability. Therefore, the block copolymer of
the embodiment can be used in a wider range of applications requiring heat
resistance, overcoming the limitations of olefin-based elastomers in regards to
20 the range of applications.
The block copolymer of the embodiment may be used substantially in all
the applications in which the conventional elastomers have been adopted.

Moreover, the block copolymer of the embodiment can be used in a wider range

of applications in which the conventional olefin-based elastomers are
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et her (NWBE) (1 2 m., 10 nmmol) were placed in a reactor at -20 C. 8 nL of
‘n- Buli (2:5 I n hexane) was slowy added to the reactor, which was then
agitated at the roomtenperature for 6 hours. After conpletion'of t he
agitation, the reactor was cooled down to -30 C. Then, the fluorenyl
l'ithiumsolution 10 prepared above was slowy added to a solution of
tert-Bu-0-(CH2)6SI MCl 2 (2.7 g, 10 nmol) dissolved in hexane (100 nlL) at
-30t for one hour. After agitation at the roomtenperature for 8 hours or

| onger, the resultant solution was ected to ex ract,i n addition
of wat or - SHRHERIENY S0k ABPREH RCRLSS oF telk FOPEReeBisSia Rt nasiepd. BRai o) 2
(5.3 g, 100 %yield). The structure of 15 the |igand conpound was
i dent i fi eflkber siajerialshrvRbeen used as a substitute for the olgfinQeRed slasigmerepc 3) -
-0.35 (MeSi, 3H, s), 0.26 (Si-CH2, 2H m, 0.58 (CH2, 2H, m, 0.95 (CHZ2,
41-1, m, For example; i@z blockigopelymer qgm@ﬁmbogrmerﬁ)ls used totfam diffecertp, 2R,
t), 4.10(Flu O9H, 2H, s), 7.25(Flu-H 4H, m, 7.35(Flu-H 4H m,
7. 40( Fl u- Kindg Hpf p)qdu¢t885(16-mdingi, autbimotiile m@) oPri@tpEiOIam'Iateriai& sechalasocene
conpound oqg_\,Il.... nBuLi _1---7, /MIBE/ -20'CZrCl4(THF)21 113 -si -,, > >
M 13E/ bexaomper20€@imming .parfs, etc.; packaging materials; insulating materials;
household products, such as shoe soles, toothbrush grips, flooring materials,
knobs, etc.; adhesives, such as pressure-sensitive adhesives, hot melting
adhesives, etc.; hoses; pipes; and so forth and adopted in a variety of other
applications and uses.
10 The block copolymer of the embodiment may be used alone or in
combination with other polymers, resins, or any kind of additives and used in
any form of films, molded bodies, or fibers.
On the other hand, the above-described block copolymer may be
prepared by copolymerization of ethylene or propylene with a-olefin in the
15 presence of a defined catalyst composition. Such a preparation method for the
olefin block copolymer may include copolymerizing ethylene or propylene with

a-olefin at about 70 to 150 T in the presence of a catalyst composition

comprising a metaliocene catalyst having a Group IV transition metal and a
Lewis basic functional group, and a cocatalyst having a Lewis acidic element
20 and an organic functional group. Particularly, in the preparation method, the
metallocene catalyst and the = cocatalyst under the above-defined
copolymerization temperature conditions takes alternately a first state where the
Lewis basic functional group and the Lewis acid element form an acid-base
bond and a second state where the metallocene catalyst and the cocatalyst has
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At -20t , 4.8 nol of n-BuLi (2.5 Min hexane) was slowly added to a

'sol ut'ion of (tert-Bu-0-(CH2)6MSi (9-C13H10)2 (3.18 g, 6 mml )/ MIBE (20 nl).
Heated up to the roomtenperature, the m xture was allowed to react for 8 5
hours or longer. The slurry solution of dilithiumsalt thus obtai ned was
slowy added to a slurry solution of ZrCl4(THF)2 (2.26 g, 6mmol )/ hexane (20
m) at - 20 C, and the resulting m xture was allowed to react at the room
t enperature for 8 m)re hours or |onger. The precipitate thus obtained was
filtered out and washed wi th he sever al S to obtai .

(tert- Bu- 05 (RE3ERA oo oR S BeD I 1 egt SRS SR oL 1Y tiznsiians o,

yi el d). 1H NVR(500MHz, C6D6) : 1.15(tert-BuQ 9H, s), 1.26
(MeSi, 3Hmedyl of thegangtgllocene, ca;!a#ystrwterqctﬁevwfdhz orgapicfyinctiongh group, of4H, ),
3.32(tert-BuOG-CH2, 2H, t), 6.86 (Flu-H 2H, t), 6.90 (Flu-H 2H, t), 7.15
(Fl u-H, 4Eme¢9qata|y50 (Flu-H, 4H, dd), 7.64(Flu-H 2H, d), 7.77(Flu-H, 2H,
d) 15<Preparation Exanple 2> 1) Preparation of |igand conpound The
procedur es wer dt pam fber predicted thed tbamepalymesization desthyidnedon propykeper at i on
Exanpl e 1, excepting that tert-Bu-0-(CH2)4Cl was used in place of

t ert - Be- OwfteHa)dbédih o the erasendd of tsuBh- 8-{HarRgtdidtisi CatalisB [dbfypdsitisna | i gand
conpound with al nost the sane yield as acquired in Preparation Exanple 1.

The str ucwmpngiégtth@ rhétaidckreocatalystiandishé decatalysekadbrio ywbdudtiohNt.
1H NVR(500MHz, : -0.40 (MeSi, 3H, s), 0.30 (CH2, 2H, m, 0.71 (CH2,

oH, 1 ' - - D, 2H,
50 ”21 10?’%5?}68%6&(39@& gﬁzhe%mbéd|%@ﬁ%suﬁ)ﬂd?ly;9'o§(5)?d(u§?\y td ﬁféfo!?é\%n@"? .t

(Flu-H 2K fical Zteéﬁaﬁgllnu H 2H d), 7. 77 (Flu-H 4H, d). 2) Preparation of
nmet al | ocene conpoun The procedures were perforned in the sane

(o oo eGP APRIORY g e« o
(E:arzg Slcgéte %ggr)a ;f&ﬁngHlﬁ%é dr&ﬁr? hggﬁéeﬁé ecl%galgnt electron pairs
(e.g., an oxygen-, nitrogen-, or sulfur-containing functional group), while the

cocatalyst contains an organic functional group as well as a Lewis acidic

element capable of forming a bond with noncovélent electron pairs (e.g.,

aluminum or boron). In the case of using the two-component catalyst system

15 having the metallocene catalyst and the cocatalyst in a polymerization system,

the catalyst and the cocatalyst at the polymerization temperature may take the

first state, so the Lewis basic functional group and the Lewis acidic element

form an acid-base bond and there occurs an interaction between the Group IV

transition metal of the metallocene catalyst and the organic functional group of

20 the cocatalyst. Alternatively, the catalyst and the cocatalyst may take the
second state that there occurs no interaction between the metaliocene catalyst

and the cocatalyst (for example, the Lewis basic functional group and the Lewis

acidic element do not form an acid-base bond; or there occurs no interaction

between the Group IV transition metal and the organic functional group.
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o 11( _ 1H NVR(500MHz, C6D6) : 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, 152H, t), 6.84 (Flu-H 2H m, 6.90 (Flu-H 2H m,
7.15 (Flu-H, 4H n), 7.60 (Flu-H, 6H, d), 7.80 (Flu-H 2H, d) <Preparation
Exanpl e 3> 1) Preparation of |igand conpound The procedures
were performed in the same manner as described in 20Preparation Exanple 1,
excepting that tert-Bu-0-(CH2)8Cl was used in place of tert-Bu-0-(CH2)6CL

to prepare (tert-Bu-0- 2) 8 | (9-C13F110 as | i.gand co W th

a:c rmrs]t lthBaégH'é‘”yi edcé}é yﬁtaa/&ié% CPH%?E@EE? ﬁ'lq 88®E§?§%€"°@ %mngl)%g{bs?ructure
of the ligand conpound was identifjed through_1H NVR_ 1H 500MHz, C6D6

© -0.40 (Wagitakgithe dyst @.%?W@afta@ﬁ,a'wﬁatBE/sg%? 'smﬁﬁemaﬂ%eaua%s (CHZ?
2H, m, 0.95 (CH2, 2H, n), 1.05 (CH2, 2H, m, 1.14 (tert-BuOQ 9H, s), 1.30
(CH2, 2H, the) enargg4gqrobetwesn, thy first.and secand. satssdispas Jey 39 abauti 30 A - gH,
2H, s), 7.17 (Flu-H, 4H, m, 7.26 (Flu-H, 4H m, 7.37 (Flu-H 2H d), 7.43
(Flu-H, 2ktalthql of l&&d qriibpuH5 kepl/md) or lgys for @y atshihbeiweradhe fiséaRé conpound
10The procedures were perfornmed in the same manner as described in

Preparat i secdndostples with easeagitthegolyerizgliar enperdlu(ecH2) 8MeSi (9- CL3HL0) 2 was
used in place of (tert-Bu-0-(CH2)6MeSi (9-Cl3H10)2 to prepare (tert-Bu-0-

- (CH2) 8MeSI ( 9- Cil@HRis2/@gGIE, thiet énergyrab tdre beameagtret cboy al&drpNBIRSEHOMHz ,
ceD6) : 1.17 (tert-BuO 9H, s), 1.29 (MeSi, 3H, s), 1.41 (CH2, 4H m, 1.49

(CH2, 2H, cH3michl ffetideddsingra i% 12 or 4t likg,, asl t , 3.30
(tert-BuOCOHrE“,C 2H, t), gl.n 1 (GI?]USSIHHBFEZ}OHé rr),or6. 9(5"@( F? uaﬂH&rgﬁH}mm%ﬂ

(Flu-H 4518 in the®ft. frﬁleléx?#eséldn it “tie BBWisRIcit-bhsebbndlis, forfneBin(thbu- H, 2H,
d) 20<Conparative Exanple 1>

first state” implies that the Lewis basic functional group is bound to the Lewis
10 acidic element through a covalent bond or a coordinate bond, or
comprehensively means that there occurs an interaction between the Lewis
basic functional group and the Lewis acidic element caused by the Van Der
Waals force or the equivalent sigmatropic rearrangement. Further, the
expression that “there occurs an interaction between the Group IV transition
15 metal and the organic functional group of the cocatalyst” means that an
interaction takes place between the Group IV transition metal and the organic
functional group by the Van Der Waals force or the equivalent sigmatropic
rearrangement. Further, the expression that “there occurs no interaction
between the metallocene catalyst and the cocatalyst in the second state”
20 implies that the Lewis basic functional group and the Lewis acidic element do
not form a Lewis acid-base bond, or means that the Group IV transition metal
does not interact with the organic functional group.
However, when the metallocene catalyst and the cocatalyst take the first

state, the space around the metal center of the metallocene catalyst becomes

21



1) Preparation of |igand conpound 1, 2, 3, 4-tetrahydroqui noli ne (957
ng, 7.185 mmol) was dissolved in THF (10 nL), and the resultant sol ution
was stirred at -78 t for 30 mnutes. Then, n-BuLi (2.87 nL, 7.185 mml) was
added with a syringe in the nitrogen 5 atnosphere. The resultant sol ution
was heated up to the roomtenperature and stirred sufficiently for 3 hours.
The solution was cool ed down to -78 C again, and CO2 gas was added to
initiate a reaction. The solution was heated up to the roomtenperature and

ti dt linnate, t i, N . Tert-putyl, lithi BulLli 5.07
nL. B, 622N ABMOURS ot Ba R b Al tae it bstmertnibtERbb ol i on
till at -20 C, .a 0.33 Msol uti f CeCl3-2Li ClL (26 m., .8, 622 1) i
THE and « Bl RS Tegiel GBENEnHERTIE. RGNS SEU: B, RIERIAEd | b t he
nitrogen atnosphere. While slowy heated up to the roomtenperature, the

resul t ant PERYlenedathes shansthedelativelinbiuliey welefiRdndie fiest state,{gnd in9ailp;) ect ed
to extraction with water and ethyl acetate. The organi c phase 15 thus

for med wasceasgsatatieel catalysteam davalfest pelysisirization. Wﬂ@ﬁ they medallposne
tetramet hyl- 1, 3-cycl opent adi enyl) -1, 2, 3, 4-tetrahydroqui nol i ne was obt ai ned
t hr ough cohtalyst ahd dhatcogatalylst také lthessgicend) state, the space around the metal 1H
NMR(500MHz, C6D6) : 6 1.00 (br d, 3H, Cp-CH3), 1.63 - 1.73 (m 2H,

qui n- CH2) cendteBof the, matdllocameCt&RAlystlbebnies, widkl to GrakeHaR relbtigsly psilky3H,
Cp-CH3), 20 2.64 (t, J = 6.0 Hz, 2H, quin-CH2), 2.84 - 2.90 (br, 2H,

qui n- CH2) o|efinQfofdtheSmotdiacéabsitle tad theScAtllyst .entig Op Wjth gblyiderdatiod = 7. 2
Hz, 1H, quin-CH), 6.92 (d, J = 2.4 Hz, 1H, quin-CH), 6.94 (d, J = 2.4 Hz,

1H, qui n- GHy-dM¥A atdlighdreRatenti on of metal | ocene conmpound
8-(2,3,4,5-tetranet hyl-1, 3-cycl opent adi enyl) -1, 2, 3, 4-tetrahydroqui noline (1

g, 3.95 mmol ) Hﬁﬁtﬁ@ﬁ%@éw&% Yot éa?ﬁ%%f%étéhwtd?'th'@rr‘f?eté‘lﬂféeﬁecﬂa%qyﬁo"m to -

20 C. To the resultant solution was s added a 2.5 M sol ution of

n-butyl = ong J[hiﬁte (%(’:Sgg%lggt' Gal"be i.lg?&%aégfe}narté tﬁgeh@\@t ﬁ’r@r %tEQn9&9ingoom

t enperat ure, i on was Irre 0 urs or |[onger and cool ed

(1)t otr ROMPSPEALSY ot R§fujert BoctrphaSe ' Biefler, SOp ik AR SEnly 21 1

ene was ad
by FROPSTLSHol B PR o R SPRR, CoBp ARt 7
~of the SOlo\lle(?"lrrlmt blgglg%gpélsr%g(r:%ge arrgg %lyj/rp?dlymerization using the above-described '
catalyst composition includes a hard segment containing a relatively high mole
15 fraction of the ethylene or propylene repeating unit, and a soft segment
containing a relatively high mole fraction of the a-olefin repeating unit. In
particular, the olefin block copolymer can be prepared with ease by using a
simple catalyst system rather than a complicated catalyst system comprising
two transition metal catalysts and thus endowed with such a high degree of
20  blocking, dispersion characteristics, and crystal properties as described above.

In a preparation method of another exemplary embodiment, the

polymerization temperature may be about 70 to 150 T, about 80 to 120 T,

about 90 to 110 C, or about 90 to 100 . Under the polymerization

temperature conditions, energy shifts occur between the first and second states
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10 After addition of hexane, the solution was stirred and subjected to
filtration: The solid conpound thus filtered out was washed with hexane and
dri ed under reduced pressure to obtain [rL 5 n 1 :1-(l

, 2,3, 4-tetrahydroqui noline-8-yl)- 2,3, 4,5-tetranet hyl cycl opent adi enyl ]
titanium (1V) dichloride. 1H NVR(500M+Hz, C6D6) : 6 1.40 (m 2H, quin-CH2),
1.78(s, 6H, Cp- 15CH3), 2.03 (s, 6H, Cp-CH3), 2.15 (t, 2H, quin-CH2), 4.50
(m 2H, quin-CH2), 6.80 (d, 1H quin-CH), 6.91 (t, 1H, quin-CH), 6.97 (d,

1H, i n-Ck m < les 1 to 8> Into a. 500n g Leact

sequgglti a% Egﬁ%da%aﬁgné‘%pfc{ﬁveexéﬂ%nod?erf glé'f)glﬁepglgﬁ%%ﬁai Ui é%t régnt ai ni ng
10 wt. % of net hyl al m noxa, 20 t Sub

t ol uene s@ﬁlﬂqr{& lbfs Hé p@éﬁgﬁ}m%ﬁh? Hglymegggﬁjoi{lﬁ%mpeléasqugﬁdﬂ%qs
(tert-Bu-0-(CH2) 6MeSi g&kuBHg) 2Zr C12) and then ethyl ene were added |nto t he

react or t @bfain @naglefin yeRAaAIBeN baving 2chighndegrae of diegking andusiodst i rred
for a predeterm ned period of tine and, after ventilation, poured into an
et hanol / HErystal Ipnepesties with sighsyieldr i ng and filtration, the resultant sol ution
was washed with ethanol and removed of the sol vent thr ough evaporation to
obt ai nsan ol ef iln bter#anwpolitmenotien ekemplagp erabhadimeERGN| pRepatdtiohi n bl ock
copolyners were prepared 5 while varying the content of the 1-hexene or

1- oct ene mmetbockrfor nthiehelefint ibiaekc copapimenf mapnoseras metdllodemsy Gatdlysiexene or
1- octene nononer and an et hyl ene nononer. <Conparative Exanple 1>

An ol efi n'cbﬁ%gdm@' AGBrouprY kAKSENRT Metdl1la:) asvptal icedtdpyandCa Ueavis liadic 10 was
used as the nparative Exanple 1. <Conparative Exanples 2 to 16>

Into a 50@ciBhas §rdi L%a&! Wgr AR oy §ERI G dGHr- Y oRdsigrdr-Eontemiey fdndiehgine, and a
sol ution contai ning % of nethyl alum noxane (MAO) in toluene.
Subsequentgyyp RadiRY HoRbo\RIIENSQbstEdrPPaifd). Hitot SRBBALAY IRhitdPPRealpy e
10 the metallocene catalyst may include a metallocene compound represented by
the following Chemical Formula 1, in consideration of the characteristic of
appropriately taking the first and second states alternately and the
polymerization activity for ethylene or propylene and a-olefin in each state.

[Chemical Formula 1]

R1 R8

R7
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15 Preparation Exanple 1 (i.e.,

1- (1,2, 3,4-tetrahydroqui noline-8-yl)-2,3,4,5- tetranethyl cycl opent adi enyl ]
Ti(1V)Cl2) and then ethylene were added into the reactor to initiate a

pol yneri zation reaction. The reactants were stirred for a predeterm ned
period of tinme and, after ventilation, poured into an ethanol/HC solution.
After stirring and filtration, the resultant solution was washed with 20
et hanol and renoved of the solvent through evaporation to obtain a

copol ynmer of eac npar.ative a . n the Co rat. Exanpl es
2 to 16, the r@éﬂé"gﬁr\? ical cﬂrgﬁg gp\‘l?)grté’ %Féﬁ?éhemmee%%f% ffcﬁg cont ent
of the 1-octene nononer in the entire content, of noner s i ncl udi png a

1- oct ene ﬁ%@ﬁﬁmeéﬁﬂddﬂd@WPBWéSﬁ'ﬁﬁ@ﬁﬁf‘?m%ydrogenm?ﬁ’geat ﬁW%?}@ﬁgE olefin

. (1- hexene or 1- octeneé copolynmers prepared in the Exanples 1 to and
Conpar at i Ge-Qzx @Ay GoCon aplnbrCae\aliiiayb P Frtegardalkyl Lo Sertives
according to the nethods as described in the follow ng Experinental

Exanpl e. bedcperbrandhad alkytenpl B>is1yOTESHi eraghi(Rinawvheriein R is hydregem

copol ymer of Exanples 1 to 8 and Conparative Exanples 1 to 16 was nelted at
220 t §$ or halogenuC e amlkyl, @-Mcalsenylj ecCi-Gm ayl; di isdydregesyrhalogen,(Grake
Mnijet Il manufactured by Therno Electron Ltd.), nolded with a

10r ect ang@LaalkpRrCAGRealkenyd, Bt-C49atylb@,-0nj atitylanyl, Gadis adflaligh Carltho after 30
seconds, aged under 250 bar for 60 seconds to obtain a sanple in the form

of a rect alawakylbes-HABIdccioatryB . ot nTl-C A dteroatyly ahatetn othentD id ke sanpl e
was vapor-stained with a 1M aqueous solution of MgSO4 for one hour and then

used for in.( Reksitmgsto A6 FQee aRitregeh-dbiamanphyteictydit ridg@uct 38 pages,
152008) . § IThe TEI(\)/I i mges of the copol yﬁit:g?s of I}—_!xarrprIl% 3 and

Co ti i n: Fl . i . t her,
oL | S R AR P Fansespoe 1 e

a es 1 to 8 an to 16 were
anal yzed e |- ' & &tdchke a
ol osedt cup TRV T Ry Tneisl HEEr ol 13 HTRE CBRE, & WG ARG
anal ytical  results are prese ien Tabl .~.The di t e~di spersed
phase was ot @Pﬂi"ﬁc&?e gg?ﬁyes%é@ggégnbﬁgp ﬁ%&cﬁ hn@tégir(ﬁgé?é?%k%W’ Ul ves for
Tage. 2) Candnh s SHERCC sbr SRISDA. Bt BB BpEa AU IR | Ih AR
the oopol yner s BHBpRMERIATeDREISNEHSPBENS § SSrana GoHBAREPISSE il 65 1
to 16. More specifically, the peaks for the nmethyl groups appearing at
around 0. ®-ppmieraefe isgbRndt it D deyg-amXvgerbdslBirc Arcoitregent M@vildneent  of
t he S5ethyl ene repeating unit. 3(% ,:\cr;lal yslivsb_on _éﬁ?e c?gtent of@rar d‘esegrrent
The caft emon¢onslentfelecitaropyir.,odind BeGroapdl Vs Fgngiiien Mmetaiz@h adopial yhéerof
Exanples 1 to 8 and Conparative Exanples 1 to 16 was cal cul ated using the
ti me donaiThublVRé nehcavaamt lddrad\VRair MontgimedTivi thee (Adt duratiopgl Brawper
serves as a Lewis base to form an acid-base bond with the Lewis acidic
element of the cocatalyst, and the Group IV transition metal M interacts with the
organic functional group of the cocatalyst. As a result, the metallocene catalyst
20 and the cocatalyst take the first and second states alternately to initiate
copolymerization of ethylene or propylene with a-olefin.
Each substituent of the metallocene compound represented by the

Chemical Formula 1 can be described more specifically as follows.
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10 Optics) comercially available. Firstly, the TD NVR i nstrunment was
‘adopt’ed to-measure the FDI (Free |nduction Decay) for the sanples of the
Exanpl es and t he Conparative Exanples. The neasurenment results were as
depicted, for exanple, in FIG 3. As shown in FIG 3, FIDis the function
of time and intensity. The four constants, A, B, T2fast, and T2s10w, in the
foll owi ng Mat hematical 15 Fornula 2 were varied to elicit a functional
formul a nost approximating the FID functional graph, thereby determ ning A

B, T2fast, and_TZlI qw val ues for e le. It is kn hat t

(spin-spin rel Hh& Fokz AlkY) gmpauagyas eqr Wﬁpq‘@%%r%g Lc}gfecul at ed
fromthe functional forrrula appears fast while the T2 20 rel axation for
the soft spegiimexanaples ofthe-eliregroupdiay iNBkideabetargnad ipitedde, methyl, B,
T2fast, and T2s10w, the lower T2 value was determ ned as the T2 val ue of
the hard sthyhmmnopy! tisepropd, n-hRtdstert-wityll pentyehexydHaptyfooctyl ats. was det er mi ned
as the T2 value of the soft segnent, that is, T2s1lOw. Through this
procedure, the ThenCelh, Gikehyl%groap intladésadireag e dranchededlkemd grop.const ant s
A and B was cal culated. The results of calculation for Exanples 1 to 8 and

Conpar gt i TeeEpabiitasamplas dfbtharakenye gesipetiay incliadd, éout aré¢ kbt lreited itaal
Formula 2] Intensity = A x EXP(- Tinme! T2fast) + B x EXP(- Tinme/ T2s10w)

SDet er mi ngnA, etﬁenﬂzﬁr@Pénylamﬂeﬂ'ﬁSé&WeW étct ting. Hard segnent (nol.% =

A (A+B) x 100 he Mat hematical Fornula 2, intensity and tinme are

val ues cal cul atggh bP—; LR tdBup liftiaded ¥Shsnodfiast doﬁdéﬁ‘&dlgycﬂléﬁirﬂ spin

rel axation tine) xati'on value for the hard segnent; and T2slow is the

T2 (SPiN- SRlub, IRl ahiHids dnEHrGHoL) hafPinefudbObul &8 dtfifmigaarent . A

and B, wh are c stants erm ne e fitting process, indicate the
2 SRR Sl DA Bl S0 oo el v
™355 "5 e Py 00 AR AR P ot D o
uni t Accoy (cjalter}garyf)g}'om% %%Vsepe% ic exam[ﬂes otf the he eroarr;r/Pgl(’aoufpr %%E,'.Ré]uge( mol . %4
but are not limited to, carbazolyl, pyridyl, quinoline, isoquinoline, thiophenyl,
furanyl, imidazole, oxazolyl, thiazolyl, triazine, tetrahydropyranyl,
tetrahydrofuranyl, etc.
15 The specific examples of the C4-Cy alkoxy group may include, but are
not limited to, methoxy, ethoxy, phenyloxy, cyclohexyloxy, etc.
The specific examples of the Group IV transition metal may include, but
are not limited to, titanium, zirconium, hafnium, etc.
With a view to ensuring the appropriate activity and characteristics of
20 the metallocene compound of the Chemical Formula 1, R1 to R17 of the
Chemical Formula 1 may be independently hydrogen, methyl, ethyl, propyl,
isopropyl, n-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, or phenyi; or any one of

other different substituents.
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,of the hard segnent and the nole fraction X (nol./0) of the ethylene
repeating unit in the block copolynmer were respectively cal cul ated, and the
nole fraction 20 Y (nol.% of the hard segnent as a function of the nole
fraction X (nol.% of the ethylene repeating unit was then determ ned.
Those data were applied to the linear regression analysis to obtain the

rel ati onal expression between themin the formof a linear function. Such a
linear function led to the respective equations as given by Y = 3.7435X

-283.37 (R2 = 0.8176 dY = 6.1357X - 28.,35 . = 5

respectively, 3%?“? Iﬁ%et%jbé’ﬁﬂ?eqémipqug%La?{alﬁ?ﬁ‘éh%a"ﬁggg%ﬁ%%ﬁé%weeg 1to 16.
The results are depict in F 4. Thi,s shows that the nt ent of
t he et hyl EWF@rr‘Epté@f‘Prl’E:ngﬁT(PB ?'k&FH% By BN h}e ?{%Eéleﬁﬁeﬂ{&"%én%ggabout 98
mo./ 0 or less, satisfying the 5 relatjonship of the [Mat ema]tical Formula 1
as gi ven bpsubstituted gosubstitusegwith 206)-C2q alkyliovRA berCamalkenylarowp. Rk

copol ynmer can becone an ol efi n-based el astoner. Contrarily, the copolyners
of the CoafarGiiard gfrappl es 2 to 16 hardly satisfied the Mathemati cal
Formula 1. In addition, the copolyners of the Exanples had a considerably
hi gh cent ent ofintthe metatlosargneampeyrd Aiafrtheneharpicahfrermadat kripaybet he

et hyl ene repeating unit, so they had a very high degree of blocking of hard
and soft aggrogshs meMyl Detisd,t rofylc liscrropyl e nibutylh dert-butyl, omethoxgaethvyul ar  bar
(64mmx12. 7mmx 3. 2mm) obt ai ned for the TEM anal ysis was neasured in regards
to densit yertbtoxpmétiyet i lattioxgetlys. 1Thethdiehsidtiyoxyetsiir esteattysrapyeamt,esent ed
in Table 1. 6) Melting tenperature Tmand crystallization tenperature Tc
Wi | e t hedipimaFctirahg!, BRI brainyashe of ctest différent substilen®) r, each copol ymer
sanple was heated up'to 200 r 'at a rate of 20t /mn and kept at

The specific examples of the metallocene compound represented by the
10 Chemical Formula 1 may include, but are not limited to, the compounds
represented by the foliowing Chemical Formula 2:

[Chemical Formula 2]

A preparation method of another exemplary embodiment may use a
15 cocatalyst containing a Lewis acidic element (e.g., aluminum, boron, etc.) and
an organic functional group, in combination with the above-described

metallocene catalyst. Such a cocatalyst is not specifically limited in its type, but
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the sanme tenperature to renove its thermal history. Then, the sanple was 20
cooled down to 10 r at a rate of 10 r /mn to analyze the exotherm c peak
corresponding to the crystallization tenperature. The copol yner sanpl e was
kept at 10 r for one minute, heated up to 200 r at a rate of 10 t/mn, kept
at 200 t for one mnute, and then cooled down to 30t to conplete the
experinment. According to the neasurenent results of DSC (D fferenti al

Scanni ng Cal ori meter, DSC2920 manufactured by TA instruments), the top of .

the 5 10 § /m | ). int | i h . ©- [
cur ve vasMEelenReABaIgS PREPISS o e SardtaNeE aper UL e R 10°0) i n
heating interval, the w der one of t he peaks \é%sﬂalﬁiafﬁed up as a first peak,

the nar r od@mPevRIsTePEesepieshiy hedrllowing (fegnigal e heating/cooling rate
was 10 ¢ mn, and the tenperature neasurenment obtained in the second

heati ng i nt er vdFhagical fodelardki ned as the nelting tenperature Tm The
nmelting tenperature and the crystallization tenperature thus determ ned are
presented in TafAlR1B)-Ol- 7) PDI (PolyDi spersity Index): Molecular

wei ght and nol ecul ar wei ght distribution GPC (Gel Perneation

Chr omas ogr aphy)invitas GrupitaldFomnute s R E8's lace it sampeor differengdrombloaeul ar

wei ght (M) and the wei ght average nol ecul ar weight (Mv). Then, the wei ght
aver age nahethet andwedependenaty di @j-Gagdhydrotdrbon orie halegen-sybstitoledcUi-ar wei ght
to determ ne the nol ecul ar wei ght distribution. The wei ght average

nol ecul ar cyeh@itbcaBent el A &€ téger iRING RY(e G, v intgier rome2 & ). esented in
Tabl e 2. 20The respective properties neasured by the above-descri bed
met hods Such a cocatalyst contains aluminum as a Lewis acidic element and an
organic functional group denoted by R18. The cocatalyst not only forms a Lewis
10 acid-base bond properly with the metallocene catalyst of the Chemical Formula
1 but also interacts with the Group IV transition metal of the metallocene
catalyst. As the energy gap between the first and s.econd states is not so high in
the case of using the metallocene catalyst of the Chemical Formula 1, the
metallocene catalyst and the cocatalyst take the first and second states
15 alternately under the above-defined copolymerization temperature conditions to
initiate the copolymerization of ethylene or propylene with a-olefin. Such a
cocatalyst is used in combination with, for example, the above-described
metallocene catalyst of the Chemical Formula 1 to have an appropriate
polymerization activity for ethylene or propylene and a-olefin. Therefore, the use
20 of the cocatalyst together with a proper metallocene catalyst can make it easier
to obfain the olefin block copolymer of the embodiment with a high degree of
crystallization and a high degree of blocking.

The specific examples of the cocatalyst compound of the Chemical

Formula 3 may include methyl aluminoxane, ethyl aluminoxane, isobutyl
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are presented in Tables 1 and 2 as follows. [Table 1] Density(g/cm)
Sanpl e

aluminoxane, butyl aluminoxane, etc., among which methyl aluminoxane is
typically used.
The catalyst composition containing the metallocene catalyst and the
cocatalyst can be prepared by a typical method that involves having the
5 cocatalyst in contact with the metallocene catalyst. In the case of using an
additional cocatalyst, the cocatalysts can be put in contact with the metallocene
catalyst simultaneously or sequentially. Considering the interaction between the
metallocene catalyst and the cocatalysts, it may be more beneficial to bring the
cocatalyst of the Chemical Formula 3 containing a Lewis acidic element in
10  contact with the metallocene catalyst prior to the other cocatalyst.
The molar ratio of the metallocene catalyst to the cocatalyst may be in
the range of about 1/5,000 to 1/2, about 1/1,000 to 1/10, or about 1/500 to 1/20.
Using the metallocéne catalyst and the cocatalyst within the defined range of
molar ratio not only ensures an appropriate interaction between the metallocene
15 catalyst and the cocatalyst but prevents a deterioration of the activity of the
metallocene catalyst caused by an excess of the cocatalyst and a rise of the
unit cost of the process.
In the preparation of the catalyst composition, there may be used a
solvent, including an aliphatic hydrocarbon solvent (e.g., pentane, hexane,
20 heptane, etc.) or an aromatic hydrocarbon solvent (e.g., benzene, toluene, etc.).
Further, the metallocene catalyst or the cocatalyst may be supported on a
catalyst support such as silica, alumina, or the like.
In the preparation of the block copolymer of the embodiment, an olefin

block copolymer can be prepared by a method that includes the step of
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copolymerizing an ethylene or propylene monomer with an a-olefin monomer in
the presence of the above-described catalyst composition containing the
metallocene catalyst and the cocatalyst. In this regard, the a-olefin may include
at least one selected from the group consisting of 1-butene, 1-pentene, 4-
methyl-1-pentene, 1-hexene, 1-heptene, 1-octene, 1-decene, 1-undecene, 1-
dodecene, 1-tetradecene, 1-hexadecene, and 1-itocene.

A preparation method of aﬁ olefin block copolymer according to another
embodiment may be carried out under the typical conditions for the preparation
of olefin copolymers except for those specified above. Specific examples of the
copolymerization conditions are described in the after-mentioned Examples.

Hereinafter, some examples will be given for better understanding of the
present description, but the following examples are presented only for a mere
illustration though, and the scope of the present description should not be
construed to be defined thereby.

<Preparation Example 1>

1) Preparation of ligand compound

N\

8 .
o \f\\
C\iz//—}/ nBuLi “3”0)[ e cl ﬁL f{/}\\ | f\/, Y
) \/ N —> 3. Si_f— \/ T‘\\
MTBE/Hexane MTBE/Hexane PN

_20°C -30°C [ [~

ﬂi\‘:‘://

1.0 mol of a tert-Bu-O-(CHz)eMgCI solution was obtained as a Grignard
reagent through a reaction of tert-Bu-O-(CH.)6Cl and Mg(O) in THF solvent. The

Grignard reagent thus obtained was added into a flask containing a MeSiCls
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compound (176.1 mL, 1.5 mol) and THF (2.0 L) at -30 C, and the resultant

solution was stirred at the room temperature for 8 hours or longer and then
subjected to filtration. The filtrate was dried under vacuum to obtain a
compound of tert-Bu-O-(CH;)sSiMeCl; (92 % yieid).

Fluorene (3.33 g, 20 mmol), hexane (100 mL), and methyl tert-butyl

ether (MTBE) (1.2 mL, 10 mmol) were placed in a reactor at -20 T. 8 mL of n-

BuLl (2.5 M, in hexane) was slowly added to the reactor, which was then
agitated at the room temperature for 6 hours. After completion of the agitation,

the reactor was cooled down to -30 C. Then, the fluorenyl lithium solution

prepared above was slowly added to a solution of tert-Bu-O-(CH:)sSiMeCl> (2.7

g, 10 mmol) dissolved in hexane (100 mL) at -30 C for one hour. After

agitation at the room temperature for 8 hours or longer, the resultant solution
was subjected to extraction with an addition of water and then evaporation to
obtain (tert-Bu-O-(CHz)sMeSi(9-C13H10)2 (5.3 g, 100 % yield). The structure of
the ligand compound was identified through "H-NMR.

"H NMR(500MHz, CDCls) : -0.35 (MeSi, 3H, é), 0.26 (Si-CH,, 2H, m),
0.58 (CHa, 2H, m), 0.95 (CHy, 4H, m), 1.17(tert-BuO, 9H, s), 1.29(CH,, 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 metallocene compound
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At -20 T, 4.8 mol of n-BuLi (2.5 M in hexane) was slowly added to a

solution of (tert-Bu-O-(CH.)sMeSi(9-C13H10)2 (3.18 g, 6 mmol)/MTBE (20 mL).
Heated up to the room temperature, the mixture was allowed to react for 8
5 hours or longer. The slurry solution of dilithium salt thus obtained was slowly
added to a slurry solution of ZrCly(THF). (2.26 g, 6mmol)/hexane (20 mL) at -

20 C, and the resulting mixture was allowed to react at the room temperature

for 8 more hours or longer. The precipitate thus obtained was filtered out and
washed with hexane several times to obtain (tert-Bu-O-(CHz)sMeSi(9-
10 Cy3Hg)2ZrCl, as a red solid (4.3 g, 94.5 % vyield).
'H NMR(500MHz, C6D6) : 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, t), 6.86 (Flu-H, 2H, t), 6.90 (Fiu-H, 2H, t), 7.15 (Fiu-H, 4H, m), 7.60 (Flu-H,
4H, dd), 7.64(Flu-H, 2H, d), 7.77(Flu-H, 2H, d)
15 <Preparation Example 2>
1) Preparation of ligand compound
The procedures were performed in the same manner as described in
Preparation-Example 1, excepting that tert-Bu-O-(CH;)4Cl was used in place of

tert-Bu-O-(CH,)sCl to prepare (tert-Bu-O-(CH.)4sMeSi(9-Ci3H1o)2 as a ligand
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compound with almost the same yield as acquired in Preparation Example 1.
The structure of the ligand compound was identified through 'H-NMR.
'H NMR(500MHz, C6D6) : -0.40 (MeSi, 3H, s), 0.30 (CHy, 2H, m), 0.71
(CHy, 2H, m), 1.05 (tert-BuO, 9H, s), 1.20(CHa, 2H, m), 2.94 (tert-BuO-CH,, 2H,
5 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).
2) Preparation of metallocene compound
The procedures were performed in the same manner as described in
Preparation Example 1, excepting that (tert-Bu-O-(CH.)sMeSi(9-C13H10)2 was
10 used in place of (tert-Bu-O-(CH,)sMeSi(9-C13H1o)2 to prepare (tert-Bu-O-

(CH2)4MeSi(9-C13Hg)2ZrCl, with almost the same yield.

'"H NMR(500MHz, C6D6) : 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,
15  2H, t), 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>
1) Preparation of ligand compound
The procedures were performed in the same manner as described in

20 Preparation Example 1, excepting that tert-Bu-O-(CH2)eCl was used in place of
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tert-Bu-O-(CH,)sC! to prepare (tert-Bu-O-(CH;)sMeSi(9-C13H10). as a ligand
compound with almost the same yield as acquired in Preparation Example 1.
The structure of the ligand compound was identified through 'H-NMR.
'"H NMR(500MHz, C6D8) : -0.40 (MeSi, 3H, s), 0.29 (CH., 2H, m), 0.58
5 (CHg, 2H, m), 0.83 (CH,, 2H, m), 0.95 (CHz, 2H, m), 1.05 (CHz, 2H, m), 1.14
(tert-BuO, 9H, s), 1.30 (CHg, 2H, m), 1.64 (CHz, 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,
d), 7.43 (Fiu-H, 2H, d), 7.78 (Flu-H, 4H, d).
2) Preparation of metallocene compound
10 The procedures were performed in the same manner as described in
Preparation Example 1, excepting that (tert-Bu-O-(CH2)sMeSi(9-C13H10)2 was
used in place of (tert-Bu-O-(CH)sMeSi(9-Ci3H1)2 to prepare (tert-Bu-O-

(CH,)sMeSi(9-C13Hy)2ZrCl, with almost the same vyield.

15 '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,
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)

20 <Comparative Example 1>
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1) Preparation of ligand compound
1,2,3,4-tetrahydroquinoline (957 mg, 7.185 mmol) was dissolved in THF

(10 mL), and the resultant solution was stirred at -78 T for 30 minutes. Then,

n-BuLi (2.87 mL, 7.185 mmol) was added with a syringe in the nitrogen

5 atmosphere. The resultant solution was heated up to the room temperature and
stirred sufficiently for 3 hours. The solution was cooled down to -78 C again,

and CO, gas was added to initiate a reaction. The solution was heated up to the
room temperature and stirred to eliminate the remaining CO, gas. Tert-butyl

lithium (BuLi) (5.07 mL, 8.622 mmol) was added at -20 C. After sufficient 2-

10  hour agitation still at -20 C, a 0.33 M solution of CeCl3-2LiCl (26.1 mL, 8.622

mmol) in THF and tetramethyl cyclopentenone (1.182 g, 8.622 mmol) were
added in the nitrogen atmosphere. While slowly heated up to the room
temperature, t‘he resultant solution was vented, removed of the solvent, and
then subjected to extraction with water and ethyl acetate. The organic phase
15 thus formed was separated and removed of the solvent. Then, 8-(2,3,4,5-
tetramethyl-1,3-cyclopentadienyl)-1,2,3,4-tetrahydroquinoline  was  obtained
through column chromatograpﬁy (41 % vyield).
'"H NMR(500MHz, C6D6) : & 1.00 (br d, 3H, Cp-CH3), 1.63 - 1.73 (m, 2H,
quin-CH2), 1.80 (s, 3H, Cp-CH3), 1.81 (s, 3H, Cp-CH3), 1.85 (s, 3H, Cp—CH3),
20 2.64 (t, J = 6.0 Hz, 2H, quin-CH2), 2.84 - 2.90 (br, 2H, quin-CH2), 3.06 (br s, 1H,
Cp-H), 3.76 (br s, 1H, N-H), 6.77 (t, J = 7.2 Hz, 1H, quin-CH), 6.92 (d, J = 2.4
Hz, 1H, quin-CH), 6.94 (d, J = 2.4 Hz, 1H, quin-CH) ppm.

2) Preparation of metallocene compound
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8-(2,3,4,5-tetramethyl-1,3-cyclopentadienyl)-1,2,3,4-tetrahydroquinoline
(1 g, 3.95 mmol) prepared above was dissolved in toluene and cooled down to -

20 C. To the resultant solution was slowly added a 2.5 M solution of n-butyl

lithium (3.2 mL, in hexane). After heated up to the room temperature, the

5 solution was stirred for 3 hours or longer and cooled down to -20 C again.

Then, a slurry solution of (diethoxyethane) titanium (lV) tetrachloride (1.10 g,
3.95 mmol) in toluene was added, and the resultant solution was heated up to
the room temperature and stirred for 12 hours or longer to initiate a reaction.
The resultant solution was removed of the solvent under reduced pressure.
10  After addition of hexane, the solution was stirred and subjected to filtration. The
solid compound thus filtered out was washed with hexane and dried under
reduced pressure to obtain [n5, 1n1:1-(1,2,3,4-tetrahydroquinoline-8-yl)-
2,3,4,5-tetramethylcyclopentadienyl] titanium (1V) dichioride.
'"H NMR(500MHz, C6D6) : & 1.40 (m, 2H, quin-CH2), 1.78(s, 6H, Cp-
15 CHB3), 2.03 (s, 6H, Cp-CH3), 2.15 (t, 2H, quin-CH2), 4.50 (m, 2H, quin-CH2),
6.80 (d, 1H, quin-CH), 6.91 (t, 1H, quin-CH), 6.97 (d, 1H, quin-CH) ppm.
<Examples 1 to 8>
Into a 500mL glass reactor were sequentially added toluene, 1-hexene
or 1-octene, and a solution containing 10 wt.% of methyl aluminoxane (MAQ) in
20 toluene. Subsequently, a 1mM toluene solution of the compound of the
Preparation Example 1 (i.e., (tert-Bu-O-(CH,)sMeSi(9-C13Hg)2ZrCl2) and then
ethylene were added into the reactor to initiate a polymerization reaction. The

reactants were stirred for a predetermined period of time and, after ventilation,
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poured into an ethanol/HCI solution. After stirring and filtration, the resultant
solution was washed with ethanol and removed of the solvent through
evaporation to obtain an olefin block copolymer.
In the respective Examples, olefin block copolymers were prepared
5  while varying the content of the 1-hexene or 1-octene monomer in the entire
content of monomers including a 1-hexene or 1-octene monomer and an
ethylene monomer.
<Comparative Example 1>
An olefin-based elastomer, LUCENE™ LC170 supplied by LG Chem Ltd.
10  was used as the Comparative Example 1.
<Comparative Examples 2 to 16>
Into a 500mL glass reactor were sequentially added toluene, 1-octene,
and a solution containing 10 wt.% of methyl aluminoxane (MAO) in toluene.
Subsequently, a 1mM toluene solution of the compound of Comparative
15 Preparaton Example 1 (i.e., 1-(1,2,34-tetrahydroquinoline-8-yl)-2,3,4,5-
tetramethylcyclopentadienyl] Ti(IV)Cly) and then ethylene were added into the
reactor to initiate a polymerization reaction. The reactants were stirred for a
predetermined period of time and, after ventilation, poured into an ethanol/HCI
solution. After stirring and filtration, the resultant solution was washed with
20 ethanol and remove_d of the solvent through evaporation to obtain a copolymer
of each Comparative Example.
In the Comparative Examples 2 to 16, the respective copolymers were
prepared while varying the content of the 1-octene monomer in the entire

content of monomers including a 1-octene monomer and an ethylene monomer.
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The ethylene-a-olefin (1-hexene or 1-octene) copolymers prepared in
the Examples 1 to 8 and Comparative Examples 1 to 16 were evaluated in
regards to properties according to the methods as described in the following
Experimental Example.

<Experimental Example>

1) TEM image analysis

Each copolymer of Examples 1 to 8 and Comparative Examples 1 to 16

was melted at 220 C for 3 minutes with a micro-injection molding system

(Haake Minijet || manufactured by Thermo Electron Ltd.), molded with a

rectangular bar type mold at 40 C by injection under 40 bar and, after 30

seconds, aged under 250 bar for 60 seconds to obtain a sample in the form of a
rectangular bar (64mmx12.7mmx3.2mm). After cryo-microtome, the sample
was vapor-stained with a 1M aqueous solution of MgSO4 for one hour and then
used for TEM (Reference: Microscopy and Microanalysis 14, 126 — 137 pages,
2008).

The TEM images of the copolymers of Example 3 and Comparative
Example 1 are shown in FIGS. 1 and 2, respectively. Further, the TEM images
for Examples 1 to 8 and Comparative Exampies 1 to 16 were analyzed to
determine the existence of a dispersed phase shaped like a closed curve and, if
any, the diameter of the dispersed phase. The analytical results are presented
in Table 1. The diameter of the dispersed phase was determined as the
average of the diameter measurement values for approximately 10 dispersed
phases shaped in a closed curve on each TEM image.

2) Analysis on the content of ethylene repeating unit
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"H-NMR was used to analyze the content of the ethylene repeating unit
in each of the copolymers prepared in the Examples 1 to 8 and Comparative
Examples 1 to 16. More specifically, the peaks for the methyl groups appearing
at around 0.9 ppm were quantitatively analyzed to calculate the content of the

5 ethylene repeating unit.

3) Analysis on the content of hard segment

The content (mole fraction) of the hard segment in each copolymer of
Examples 1 to 8 and Comparative Examples 1 to 16 was calculated using the
time domain NMR instrument (TD NMR; Minspec™ manufactured by Bruker

10  Optics) commercially available. Firstly, the TD NMR instrument was adopted to
measure the FDI (Free Induction Decay) for the samples of the Examples and
the Comparative Examples. The measurement results were as depicted, for
example, in FIG. 3. As shown in FIG. 3, FID is the function of time and intensity.
The four constants, A, B, T2, and T20w, in the following Mathematical

15 Formula 2 were varied to elicit a functional formula most approximating the FID
functional graph, thereby determining A, B, T2ps, and T2g0w valueé for each
sample.

It is known that the T2 (spin-spin relaxation time) relaxation for the hard
segment as calculated from the functional formula appears fast, while the T2

20 relaxation for the soft segment is slow. Hence, among the calculated values of A,
B, T2fast, and T2s0w, the lower T2 value was determined as the T2 value of the
hard segment, that is, T2s.s, while the higher T2 value was determined as the
T2 value of the soft segment, that is, T2gow. Throﬁgh this procedure, the content

(mol.%) of the hard segment as well as the constants A and B was calculated.
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The results of caiculation for Examples 1 to 8 and Comparative Examples 1 to
16 are presented in Table 1.
[Mathematical Formula 2]
Intensity = A x EXP(-Timel T2gst) + B x EXP(-Time/ T2siow)
5 Determine A, B, T2¢.qt, and T20w by fitting.
Hard segment (mol.%) = A/(A+B) x 100
In the Mathematical Formula 2, intensity and time are values calculated
through the FID analysis; T2 is the T2 (spin-spin relaxation time) relaxation
value for the hard segment; and T2g. is the T2 (spin-spin relaxation time)
10 relaxation value for the soft segment. A and B, which are constants determined
by the fitting process, indicate the relative proportions of the hard and soft
segments, respectively, and have values proportionate to the contents of the
respective segments.
4) Determination of relational expression between mole fraction Y
15 (mol.%) of hard segment and mole fraction X (mol.%) of ethylene
repeating unit
According to the above-described method, the mole fraction Y (mol.%)
of the hard segment and the mole fraction X (mol.%) of the ethylene repeating
unit in the block copolymer were respectively calculated, and the mole fraction
20 Y (mol.%) of the hard segment as a function of the mole fraction X (mol.%) of
the ethyiene repeating unit was then determined. Those data were applied to
the linear regression analysis to obtain the relational expression between them
in the form of a linear function. Such a linear function led to the respective

equations as given by Y = 3.7435X — 283.37 (R? = 0.8176) and Y = 6.1357X —
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528.35 (R? = 0.9457), respectively, for the Examples 1 to 8 and the
Comparative Examples 1 to 16. The results are depicted in FIG. 4.

This shows that the content of the ethylene repeating unit in the
copolymers of the Examples was about 98 mo.% or less, satisfying the
relationship of the Mathematical Formula 1 as given by “(Y - 100) 2z 6(X -
100)" in the region where the block copolymer can become an olefin-based
elastomer. Contrarily, the copolymers of the Cqmparative Examples 2 to 16
hardly satisfied the Mathematical Formula 1. In addition, the copolymers of the
Examples had a considerably high content of the hard segment even with the
same content of the ethylene repeating unit, so they had a very high degree of
blocking of hard and soft segments.

5) Density

Each sample in the form of a rectangular bar (64mmx12.7mmx3.2mm)
obtained for the TEM analysis was measured in regards to density with a
Mettler scale. The density measurements are presented in Table 1.

6) Melting temperature Tm and crystallization temperature Tc

While the temperature maintained in equilibration at 30 C, each
copolymer sample was heated up to 200 C at a rate of 20 C/min and kept at
the same temperature to remove its thermal history. Then, the sample was
cooled down to 10 C at a rate of 10 C/min to analyze the exothermic peak

corresponding to the crystallization temperature. The copolymer sample was

kept at 10 C for one minute, heated up to 200 C at a rate of 10 C/min, kept
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- 1-Qctene 93.2 44.2 0.882 Conparative Exanple 15 x - 1-Octene 93.8 44.2
‘0. 889 Conparative Exanple 16 x - 1-Cctene 94.9

at 200 C for one minute, and then cooled down to 30 C to complete the

experiment.
According to the measurement results of DSC (Differential Scanning
Calorimeter, DSC2920 manufactured by TA instruments), the top of the

5 10 T/min cooling interval in the temperature-depending heat flow curve was
determined as the crystallization temperature Tc. In the 10 C/min heating

interval, the wider one of the peaks was picked up as a first peak, the narrower
one as a second peak. In this regard, the heating/cooling rate was 10 °C/min,
and the temperature measurement obtained in the second heating interval was
10 determined as the melting temperature Tm. The melting temperature and the
crystallization temperature thus determined are presented in Table 2.
7) PDI (PolyDispersity Index): Molecular weight and molecular
weight distribution
GPC (Gel Permeation Chromatography) was adopted to measure the
15 number average molecular weight (Mn) and the weight average molecular
weight (Mw). Then, the weight average molecular weight was divided by the
number average molecular weight to determine the molecular weight
distribution. The weight average molecular weight and the molecular weight
distribution are presented in Table 2.
20 The respective properties measured by the above-described methods
are presented in Tables 1 and 2 as follows.

[Table 1]

Sample Existence of Diameter of o-olefin Mole fraction Hard Density(g/cm®)
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54.5,0.895 Note: The nole fraction of the hard segnent was not neasured
for Conparative Exanples; and the density was not neasured for sone of the
Exanpl es and Conparative Exanples. [Table 2] Sanple Tm (t) Tc (t ) Mw

Mol ecul ar wei ght distribution Exanple 1 118 104.3 75200 3.2 Exanple 2 119

105.1

closed curve of | closed curve used in (mol.%) of segmen
dispersed phase (average: copolymeri- ethylene t
on TEM image (m) zation repeating unit | content
in copolymer | (mol.%)
Example 1 0] 0.63 1-Hexene 82.1 26.6 0.865
Example 2 (0] 0.68 1-Hexene 85.0 30.9 0.868
Example 3 0] 0.58 1-Hexene 87.3 39.9 0.876
Example 4 0] 0.62 1-Octene No
89.1 495
measurement
Example 5 0 0.64 1-Hexene 89.4 4715 0.885
Example 6 0 0.52 1-Octene No
89.9 51.2
measurement
Example 7 0] 0.55 1-Hexene 90.1 50.8 0.886
Example 8 (0] 0.47 1-Hexene _ 90.6 66.5 0.892
Comparative X - 1-Octene No 0.873
Example 1 88.0 measur
e-ment
Comparative X - 1-Octene 0.869
89.3 14.8
Example 2
Comparative X - 1-Octene No
89.9 25.8
Example 3 measurement
Comparative X - 1-Octene No
89.9 229
Example 4 measurement
Comparative X - 1-Octene 0.873
90.7 26.9
Example 5
Comparative X - 1-Octene No
90.7 281
Example 6 measurement
Comparative X - 1-Octene No
90.7 31.2
Example 7 measurement
Comparative X - 1-Octene No
91.5 371
Example 8 measurement
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98200 2.7 Exanple 3 120 105.0 99800 3.2 Exannple 4 118 105.1 99800 3.5
Exarrpl e 5 120 104.3 129400 3.0 Exanmple 6 119

Comparative X - 1-Octene No
91.5 32,6
Example 9 measurement
Comparative X - 1-Octene No
915 345
Example 10 measurement
Comparative X - 1-Octene No
- 918 34.1
Example 11 measurement
Comparative X - 1-Octene 0.875
92.5 374
Example 12
Comparative X - 1-Octene No
92.8 40.6
Example 13 measurement
Comparative X - 1-Octene 0.882
93.2 442
Example 14
Comparative X - 1-Octene 0.889
93.8 442
Example 15
Comparative X - 1-Octene 0.895
94.9 54.5
Example 16

Note: The mole fraction of the hard segment was not measured for Comparative
Examples; and the density was not measured for some of the Examples and

Comparative Examples.

[Table 2]
Sample fm (C) Tc (C) Mw Molecular weight
distribution

Example 1 118 104.3 75200 3.2
Example 2 119 105.1 98200 27
Example 3 120 105.0 99800 3.2
Exampie 4 118 105.1 " 99800 3.5
Example 5 120 17043 129400 3.0
Example 6 119 104.9 98300 3.7
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,104.9 98300 3.7 Exanple 7 118 103.5 138000 3.1 Exanple 8 123 107.2 No
measur ement No neasurenent Conparative Exanple 1 56.0 59.0 99700 2.5

Example 7 118 103.5 138000 3.1

Example 8 123 107.2 No measurement ‘No measurement
Comparative Example 1 56.0 59.0 99700 25
Comparative Example 2 62.3 64.6 77300 2.5.
Comparative Example 5 65.1 68.0 80500 26
Comparative Example 12 67.3 69.9 84600 2.7
Comparative Example 14 70.4 72.6 88800 27
Comparative Example 15 721 76.2 89400 27
Comparative Example 16 75.7 79.0 98400 2.8

Note) The weight average molecular weight and the molecular weight
distribution were not measured for Example 8.
Referring to Tables 1 and 2, the block copolymers of the Examples were
dyed with magnesium sulfate to show that the soft segment in dark color was
5 uniformly dispersed on the hard segment in light color. Referring to the lower
image of FIG. 1, the dispersed phase of the soft segment is shaped in the form
of a closed curve similar to an oval. Further, the dispersed phase shaped in a
closed curve had a diameter of about 0.3 to 2.0 pm.
In contrast, referring to the TEM images of FIG. 2, the copolymers of the
10 Comparative Examples did not have such a dispersion characteristic as shown
in the Examples. Neither a dispersed phase shaped in a closed curve nor a
plurality of segments distinguishable from one another appeared on the TEM
images.
Referring to Table 1 and FIG. 4, the block copolymers of the Examples
15 had a relatively high mole fraction of the hard segment even with similar levels

in the mole fraction of the ethylene repeating unit and the density, showing a
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.Conparative Exanple 2 62.3 64.6 77300 2.5 Conparative Exanple 5 65.1 68.0
80500 2.6 Conparative Exanple 12 67.3 69.9 84600 2.7 Conparative Exanple 14
70.4 72.6 88800 :

relatively high degree of blocking, with respect to the block copolymers of the
Comparative Examples.
Further, the block copolymers of the Examples with such novel
characteristics had a relatively high melting temperature and good heat
5 resistance in relation to the block copolymers of the Comparative Examples.
The block copolymers of the Examples had a relatively high crystallization
temperature as well. This shows that the block copolymers of the Examples
have a high crystallization rate during the melt processing to secure superiority
in processability and product formability to the block copolymers of the
10  Comparative Examples.
In addition, the block copolymers of the Examples had a defined level of
density pertaining to block copolymerization using a predetermined amount of

a-olefin to ensure excellent elasticity as an elastomer.

15



2.7 Conparative Exanple 15 72.1 76.2 89400 2.7 Conparative Exanple 16 75.7
79.0 98400 2.8 Note) The wei ght average nol ecul ar wei ght and the nol ecul ar
wei ght distribution were not neasured for Exanple 8. Referring to
Tables 1 and 2, the bl ock copol yners of the Exanples were dyed with

magnesi um sul fate to show that the soft segment in dark color was 5

uni formy di spersed on the hard segnent in light color. Referring to the

| ower image of FIG 1, the dispersed phase of the soft segnment is shaped in
the formof a _closed curve simlar to an oval. Further, the dispersed phase
shaped in ! I3e¢ had a dianmeter of about 0.3 to 2.0 pm In
contrast, referring to the TEMinmges of FIG 2, the copolyners of the 10
Conpar ati ve Exanpl es did not have such a dispersion characteristic as shown
in the Exanples. Neither a dispersed phase shaped in a closed curve nor a
plurality of sdgmentAn diefinibieaki csipabimerfcomprising HalANtsecOPPELOBNER t he TEM
i mages. Referring to Table 1 and FIG 4, the bl ock copol yners of
t he Exanpkesh Iongulising @naethytdng lor gitopylere frepeatingy uwit ane émlr(b‘og«ﬂgmant even
with simlar levels in the nole fraction of the ethylene repeating unit and
t he degsi tepeatihguni@t different mole fractions,

wherein the second segment is dispersed in the form of a closed curve
as a dispersed phase on the first segment according to a TEM (Transmission

Electron Microscope) image.

10 2. The olefin block copolymer as claimed in claim 1, wherein the
dispersed phase of the second segment shaped in the form of a closed curve

- has a diameter of 0.3 to 2.0 ym.

3. The olefin block copolymer as claimed in claim 1, wherein the

15 first segment is a hard segment comprising a first mole fraction of the a-olefin

repeating unit, and the second segment is a soft segment comprising a second
mole fraction of the a-olefin repeating unit,

wherein the second mole fraction is greater than the first mole fraction.
20 4. The olefin block copolymer as claimed in claim 3, wherein the

mole fraction of the a-olefin repeating unit contained in the entire block

copolymer has a value between the first and second mole fractions.
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Jelatively high degree of blocking, with respect to the bl ock copol yners of
t he Conparative Exanpl es. Further, the bl ock copolyners of the
Exanpl es with such novel characteristics had a relatively high nelting
tenperature and good heat 5 resistance in relation to the block copol yners
of the Conparative Exanples. The bl ock copol yners of the Exanples had a
relatively high crystallization tenperature as well. This shows that the

bl ock copol yners of the Exanples have a high crystallization rate during

the nelt processing 10 secur uperiority in processabiljity and product
formability toXxhe b %%QFeg'8p@P§h€PB°‘¥‘F‘ef bs dy nBafa e Vé?é%l‘ﬁ%.

In addition, the_ block cg)pol nmers of the Exanples had a defined |evel of
density pellefractign Y&mBl-éﬁIQfé?ﬁ)B?Vrﬁgnle&tiaﬁﬁq&i%e&aﬁvgﬂét(g}oﬁfl/ﬁéﬁ amount
of a-olefin to ensure excellent elasticity as an elastonmer. 15 What is

cl ai ned i the ethylgene|osf prepplenekrepsping it asngantainag ini ther eatie Slasknd
segnents, each conprising an ethylene or propyl ene repeating unit and
an a- ol ef copdympesatisfiyMathematicatiFofmataitasfollews:r act i ons, wherein the
second segnent is dispersed in the formof a closed curve as a dispersed
phase ®&n the fi[MathepesdivahFomudanlling to a TEM (Transm ssion El ectron

M croscope) imge. 102. The ol efin bl ock copolyner as clained in claim1,
wherein the di gper9Pe) phadX -of0d)he second segnent shaped in the formof a
cl osed curve has a dianmeter of 0.3 to 2.0 pm 3. The ol efin bl ock copol yner

as claimed in claim1l1, wherein the 15 first segnment is a hard segnent
conprising a first nole fraction of the a-olefin repeating unit, and the

second segnment g s a $Rd lolsTRIBBEK c@ﬁalpmeﬁia@.gc|am$efemnalarmls? viHer6ini ga of the
a-olefin repeating unit, wherein the second nole fraction is greater than

the 111t ollh&iddAEidNine Eompiisetbtd 98RhATK RO IMHIRnAS! FropyiERd | 1 cl ai m

3, whereint raction of the a-o I'n repeating unit contained in

H‘g Cﬂféing?e;%a%ﬁg GRP %ln%”grre}ﬁ?a?niﬁgvgaﬁfgntbgf W& rh-gltéﬁnf}e&)ﬁgti@%nﬁ,e%(?\'ad ol e
satisfies the Mathematical Formula 1 in the entire content range of the ethylene

or propylene repeating unit.

7. The olefin block copolymer as claimed in claim 3, wherein the
15  olefin block copolymer comprises 20 to 95 mol.% of the hard segment and 5 to

80 mol.% of the soft segment.

8. The olefin block copolymer as claimed in claim 3, wherein the
hard segment has a higher value than the soft segment in at least one property

20  of the degree of crystallization, density, and melting temperature.

9. The olefin block copolymer as claimed in claim 1, wherein the

olefin block copolymer has a crystallization temperature Tc of 95 to 120 TC.
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Jole fraction Y (nol./0) of the hard segnent and the nole fraction X
(nol./0) of the ethylene or propylene repeating unit as contained in the
entire bl ock copolyner satisfy Mathematical Fornula 1 as foll ows:

5[ Mat hematical Formula 1] (Y - 100)6(X - 100) 6. The ol efin bl ock
copolynmer as clainmed in claim5, wherein the olefin block copol yner
conprises 80 to 98 nol./0 of the ethylene or propylene 10 repeating unit
and a remai ning content of the a-olefin repeating unit, and satisfies the
Mat hematical Formula 1 in the entire content range of the ethylene or
propyl ene repeating unit. 7. The olefin bl ock copolyner as

claimed in claim3, wherein the 15 olefin block copagl yner conprises 20 to
95 mol . % of t hdOnhar dTR& §IRBAL Plact caPelyM8H agdHaimesk 'f‘tﬁé%%mjf t"‘ﬁ?g%ﬁetﬁ?.

8. The olefin block copolyner as clained in claim3, wherein the hard
segnent hatefia biiaoepolymerdasiaamelting temperaswrgnemof 110 tx 13%dst one property
200f the degree of crystallization, density, and nelting tenperature.

9. The olefin block copolynmer as clainmed in claim1, wherein the olefin
bl ock copolynmer has a crystallization tenperature Tc of 95 to 120 C

ol efi n;bl ock cqpol yefe RfsinabioBlk topllymerRer dhiried ihntiaim 11 vHepeih3heC.
511. The ol efin block copolyner as clained in claim1, wherein the olefin

bllock COPlatHBiodiAsoR AR Bty BP0leb B B3 Gickie. 12. The

ol efin bl ock copoly clal e n claim erein the olefin block
copol ynmer has a wei ght average nol ecul ar wei ght of 5,000 to 103, 000, 000 and
a nol ecul ar weight distribution of 2.5 to 6. 13. The ol efin bl ock

copol yner - as Clﬁi. mad.nj]en o?elfl‘%i lg?o%k c‘é@&@%ieP atshcﬁal?ﬁed in claim 1, wherein the

olefin block copolymer has a weight average molecular weight of 5,000 to

10 3,000,000 and a molecular weight distribution of 2.5 to 6.

13. The olefin block copolymer as claimed in claim 1, wherein the a-
olefin repeating unit is a repeating unit derived from at least one a-olefin
selected from the group consisting of 1-butene, 1-pentene, 4-methyl-1-pentene,

15 1-hexene, 1-heptene, 1-octene, 1-decene, 1-undecene, 1-dodecene, 1-

tetradecene, 1-hexadecene, and 1-itocene.

14. An olefin block copolymer comprising first and second segments,
each comprising an ethylene or propylene repeating unit and an a-olefin
20  repeating unit at different hole fractions,
wherein the first segment comprises a higher mole fraction of the
ethylene or propylene repeating unit than the second segment,

wherein the mole fraction Y (mol.%) of the first segment and the mole
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olefin repeating unit is a repeating unit derived fromat |east one
a-olefin selected fromthe group consisting of 1-butene, 1-pentene,

4- et hyl - 1- pent ene, 151- hexene, 1-heptene, 1l-octene, 1-decene, 1-undecene,
1- dodecene, 1- tetradecene, 1-hexadecene, and 1-itocene. 14. An
ol efin block copolynmer conprising first and second segnents, each
conprising an ethylene or propylene repeating unit and an a-olefin
20repeating unit at different nole fractions, wherein the first

segnent ¢ [is a hi r |l e fraction of the.ethylene or nr ene
repeat i ngPrgE"i"{" ?25‘8"p‘ﬁg#g&%dgggw??yq%ﬂe@eﬁu?%gxm @ef ?rét@? :%g(%l?lkY
(nol./0) of the first se ment_ang th(—i: Hole fraction X (nol.% of the

et hyl ene 6°PRlymBYysalisly Mafhetraticg! Giampula ] 3follei®’i re bl ock copol ymer sati sfy
Mat hematical Fornula 1 as _follows: [Mathematical Fornula 1] (Y - 100)6(X -
100) 5 15. The dMethematicatkodpallyner as clained in claim14, wherein the
ol efin bl ock copol ymer conprises 80 to 98 nol./0 of the ethylene or

propyl ene repedYi-ri@oinizt &Pt 0P enmni ni ng content of the a-olefin repeating
unit and satisfies the Mathematical Fornula 1 in the entire content range
of thesethyl ene 10or propylene repeating unit.

15. The olefin block copolymer as claimed in claim 14, wherein the
olefin block copolymer comprises 80 to 98 mol.% of the ethylene or propylene
repeating unit and a remaining content of the a-olefin repeating unit and
satisfies the Mathematical Formula 1 in the entire content range of the ethylene

10  or propylene repeating unit.
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