10

15

20

25

30

WD 2004/ 014972 PCT/ US2003/ 017589 PCOLYCLEFI N BLOCK
COPCLYMERS FI ELD OF THE | NVENTI ON Thi s invention

woeb@tme7t0 bl ock copol ymers of an a-ol efi n an8C&US2003/017589

second 5 olefin. The bl ock copolyners are not highly
i sotactic, but contain isotactic sequences and have a

narr ow nol ecul aﬁowbggrzlshgiag?g@gkg%é%ﬁ%ds of these

bl ock copol yners~are OF THE
| NVENTI ON Copol ynerREbD G THEINYENTI@QNd a second

| efin_are k ' i '
Y e
@leine | el block copdlymers raee sicdridghle gedtactia, youbf cantgin isotactic

nmononer unifs. By "stereaoregul ari.fy, - rea t
SRaoesP A TR o By eSSt hese
i_l_b‘ﬁdlikh aQ brytmer§wwcﬂif§¢|@s§di. c or atactic confi gy:rfa:i on. ;
ese features r ility an
physi cal propert Aéggé'fégmﬁdéﬁﬁ%mﬁﬁi@?d use 15
?:gm i G%bblymerfildfzaﬂ enblefi oy i eec_:ca{de_otééte! ar@bkeown and are
nmononer content and co 0 i stributijon N
RaTaSNFRera Bein ferEioud O Plek, e st (sl st Midouton.
RndKbp \6d eidiBorigdiafty ¥BHED HidhomelamitonDBg Ceteesoreégdularity,” we
(1998) 1, studied arylindene zirconocenes a cal al ¥ShSatic
fragan evhsthendhgr Sﬁ%fﬁhéeﬁlﬁﬁag yH@?si v\ BH?.em?'H%y heeiegtgetic.
Lsgfﬂéfa{ac% o1 ahictiy Bargliatidf. | NTRESST Rlatwss Obffédte copolymer

nmonomer s (nononmer_ reactivity ratio product, r%rz, =
Tprocessabifily \anch RIMEICEIN TPRAJERE- c at APRAIISNGgpon the end  use

‘ i ' ' ' fotsd e bridged catalyst
%@ﬁ?@?ﬂ ?’ﬁfgsé@?}og%v&;ﬂﬁsgdgf\geglra%?ght eengo_t her cat yI ysts
pr evi GisngnonserugpPrignt ANE heomeRURSf Qiséﬁ'b%ﬂewm'“tﬁ@ polymer
E%ﬁr&%ﬂb OREAY LOSSAMGerC plopeiikS Gavitrabbiitiko &RPE. WYalsouth,

varied fromas lowas 0.14 to as high as 1. 51).
Qilaciomoiiaadgsed1 25998t studigchPOYpdenen B E@NEERIFSORS Ca alysts for
thAahA! k r t block
rehBBHEBHRel B Ralbny « THRYTPRE AndSt or HiefR blocky
tiheorpotatioeraf theadombramensinpsper serftiviay Fadie rvededuliar = 1.0 -

e
etdtylysin studietipy I Tdey $lovc la tgtqt&aloff rmfﬁ_emtqthqega;al\x@’qseprewously
CAUB e PR B B el G bl
etdpdiygnersang, parayrenassowtast Bad to ke highopyildne Of the Ziegler-
Sﬁgﬁlg nc%?aslysqg,vﬁetgpoggﬁgocl}si fitanium catalysts gave block copolymers, but
these have a broad molecular weight distribution. None of the polymers had
both rir,>2.0 and narrow molecular weight distribution.
M. Galimberti et al, Macromolecules 32 (1999) 7968, reported some
ethylene-propylene block copolymers but these were completely isotactic
(isotacticity index = 1.0). U.S. Pat. No. 6,111,046 provides copolymers of

ethylene and propylene such that the propylene sequences have an atactic

structure and the copolymer is substantially amorphous. U.S. Pat No.
5,700,896 provides a copolymer with long isotactic sequences but as a random

copolymer.
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Copolymers with narrow molecular weight distribution (My/M,) are
desirable because they often have improved strength and mechanical properties
compared with polymers having broader Mw/M, values.

Despite the considerable work done in this area, only copolymers with a
maximum of two of the desired features have been available. A copolymer is
needed with all three features, namely a blocky copolymer, having a narrow
molecular weight distribution and stereoregularity that is not highly isotactic but
contains relatively long isotactic sequences. Copolymers with all three features

should have excellent elastomeric and thermoplastic-elastomeric properties
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The tacticity of a polymer or copolymer affects its properties. The term
“tacticity” refers to the stereochemical configuration of the polymer. For
example, adjacent monomer units can have either like or opposite configuration.
If all monomer units have like configuration, the polymer is “isotactic.” If
adjacent monomer units have opposite configuration and this alternating
configuration continues along the entire polymer chain, the polymer is

“syndiotactic.” If the configuration of monomer units is random, the polymer is



second olefin is propylene and ethylene. A third
olefin may be used. Suitable third olefins are C2-C20
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The copolymer has a narrow molecular weight distribution.  The
molecular weight distribution can be measured by gel permeation
chromatography and is the ratio of the weight average (My) and number average

(M,) molecular weights. By a narrow molecular weight distribution, we mean



than isotactic polypropylene. It is mainly used in
adhesives. To quantify the tacticity of a polyner, we
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The greater rir2, theAo e the block sequences. The
copol ymer of the i nvention?is a bl ock copol ymer and

rir2 is greater than 2.0, preferably greater than

2where M is a Group 3-5 transition metal. Preferably, M is zirconium. The

indenoindolyl ligands, L, and L, are m-bonded to M. L4 and L, can be the same

or different and preferably have the following alternative structures:
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langands whi ch derive fron1;an i ndenoi ndol e conpound.
By "indenoi ndol e conpound, " WR, mean an organi c
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is a Goup 3-5 transitionRgetag, Preferaply, Mis
zirconium The indenoindolyl Ii1gands, L 7 and L2, are
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The catalyst has two other ligands, X and Xz, which can be the same or

different. They are preferably selected from the group consisting of halogen,
alkoxy, aryloxy, siloxy, dialkylamino, diarylamino, and hydrocarbyl groups. Labile
ligands such as halogen are particularly preferred.

Examples of suitable catalysts include bis-(2-chloro-5-phenyl-5,10-
dihydroindeno[1,2-blindoly!)zirconium dichloride (Structure 1), bis-(5-phenyl-5,10-
dihydroindeno[1,2-bJindolyl)zirconium dichloride (Structure Il), bis-(5,8-dimethyl-
5,10-dihydroindeno[1,2-blindolyl)zirconium dichloride (Structure III}), and bis-(5-
trimethylsilyl—8-methy|-5,10-dihydroindeno[1,2-b]indolyl)zirconitjm dichloride
(Structure V). A more preferred catalyst is bis-(2-chloro-5-phenyl-5,10-
dihydroindeno[1,2-blindoly!)zirconium dichloride (Structure ).
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N CH3 SMe3 N C4bDao CH3 ZrCl2 CH3 o (1V) SiNle3 7
WO 2004/ 014972 PCT/ US2003/ 017589 The catal ysts can be

worepaned2by any known nethod. U S. Pat. No. 6peBAS2AHG/017589
teaches in great detail how to prepare
i ndenoi ndol e- based catalysts. For instance, Catalyst
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The catalysts are activated. Suitable activators include alumoxanes,
alkyl aluminums, alkyl aluminum halides, anionic compounds of boron or
aluminum, trialkylboron and triarylboron compounds. Examples include

20 methyl alumoxane (MAO), polymeric MAO (PMAO), ethyl alumoxane,
diisobutyl alumoxane, triéthylaluminum, diethyl aluminum chloride,

trimethylaluminum, triisobutyl aluminum, lithium tetrakis(pentafluorophenyi)
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al um nuns, al kyl al um num hal i des, anionic conmpounds
of boron or alum num trialkylboron and triaryl boron

CoRRAUR T B0 il i

amex&m(mntaﬂummwnal Dorateumiritdi etetrakisépentaflvaraphenyl)borate,
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i onal the catal yst is jnmob
%feferged lnorgan¥c oxides include OXIdZeS of %nroup

2, 3, 4, 5, 13, or 14 elements. Preferred supports include silica, alumina,
silica-aluminas, magnesias, titania, zirconia, magnesium chloride, and
crosslinked polystyrene.

Many types of polymerization processes can be used. The process
can be practiced in the gas phase, bulk, solution, or slurry. The
polymerization can be performed over a wide temperature range.
Preferably, the temperature is within the range of about 0°C to about 150°C.
A more preferred range is from about 25°C to about 100°C.

The unique structure of these copolymers makes them excellent
blend components. The relatively long isotactic sequences should enhance
compatibility with other polymers and copolymers and give blends with
enhanced properties such as improved impact strength, stiffness and clarity.
The copolymers can be blended with any of several addition or
condensation polymers or cdpolymers such as polypropylene, polystyrene,
polyvinyl alcohol, polyvinyl chioride, EPDM, polyamides or polycarbonate.
Preferably, the blend is with polyolefins such polypropylene, polyethylene or



preferably a porous material such as inorganic oxides
and chlorides, and 15 organic polyner resins.
weoenedimissge | nor gani ¢ oxi des include oxides of EComs23/017589
3, 4, 5, 13, or 14 elements. Preferred supports
include silica, alumna, silica-alum nas, magnesi as,

A "’}_rt?ﬁi Bt riﬁé%%;/% pr&‘@geﬁ% y|§ Wltﬂrdoﬂgy{oﬁ/%e and a particularly

crosslinked st'yrene. types pol ymeri zati on
pr avefssres iend isevitigeatactivw!yireeene. 20 can be

practi ced, 1‘8“6\”@9 %%mgl'é@‘cfﬁereg/‘ﬁ}l&stra?@lt ih9&htioR! 'Fﬂo%érékllled

The polynmerizatron ¢ ornmed over a wd
t enpethat ant evil aaglgmzePn’l@ﬁw\@bIByOHSt et tasepeitan dhe spglt of the

5vvlt véht%ﬁ%nd%ﬁe%??@%%h OC to about 150C. A nore

pre efred range Fotn about 25C to about 100C. The
uni que structure of t hesegraRMHL LRI s makes them

excel | ent 5 bl one relativel.y.
i sotactic s Fﬂ? (@f%glgst@nﬁg%éﬁo?&g&nﬁS §n\9v| th
ot her pol yrrer@hwdfdlnd@piﬂﬂy?dﬁmﬁohhar@nw jchtadislewi t h

enhanced properties such as inproved inpact strength,
1t i f f neds aando ahlardung. bothh”eﬂesipcﬂOymr@h@mi HenlplHeh®edS.09

W th r. t t
g, e BRETiRarBrE O B308) mAgn AR A PN RN-
poI driphasryylhwirmmmhydrpdhldemm 0306 owiese wekPDNked and heated to
b i s
i T Gt ByrRe LGB BB, s BT REHE AL pubR rBl B 3shcton
9 V\?maal/aalaiw%@ymmdszmlw @mas&lg to LM@EE? &a‘ drhmse of athe
referre en ropyl e
1gar WSEWB&’?? pr?ﬂﬁgﬁ%}@e@ﬁe%g i IEsJyvvl ?ﬁ ?got gct iC
p|0: ypltr onyhcmt?;a diheitrbgén Qm@r@mmm@%fgrﬂm &0.9075 moles) of 2-
i ra on 1
i | PP B Sy AP er O e e s, Bl “pdd . of
Spl héxanef ﬁdﬁ% sﬁjrterﬁkiddm EB@deS@fQDE 0l sbiutiors bivh-watyllithium
EXAMPLE A Prepar ﬁél on Cat al

Bi szcyéqgcpl@xgn ﬁwlxgqudvas s%{ rred at room temperature under a

@ll hm%gé@%ﬂ@é e2e dri a7 @bis) ZTlﬁ@@éﬁLﬂtmDyétlbWwdhdeNébOflltdred
round bottom fl ask, 50 gtganol

st@ashesi 0B8N hgraliRsans. dRAG SR YAGHYEH G 9@50%3@%66 ¥gides)
and 6. 74Tr9=! apsvaNiitunt e eny | axier azione rﬁM@é)OWBé QigsdRed in a
(0.0306 nol es) were m xed and heated t
mixture of 4" mL of toluene and 0.5 mL of diethylether. Zirconium
tetrachloride (0.34 gram, 0.0014 moles) was slurried in a mixture of 10 mL
25  diethylether and 4 mL toluene. The lithium salt solution was slowly added
into the slurry under a dry nitrogen atmosphere at 25°C. The mixture was
then stirred at 25°C for 40 hours. The resulting orange solid was filtered,

washed with diethylether and dried under vacuum (0.72 gram, 58% yield).

EXAMPLE B

A solution of catalyst and activator was prepared in an inert
30 atmosphere dry box by mixing 5 mg of Catalyst 1 from Example A with 1.9
mL of a 10% by weight solution of MAO in toluene and 3.0 mL of toluene.
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reflux for 4 hours. A brown solid was isolated upon

cooling fromthe reaction mxture and recrystallized
wobnramwoetdtanol to yield 7.55 grans of the 15 PCT/US2003/017589

i ndenoi ndol e product (72% yield). Under a dry nitrogen

at nosphere, 2.37 granms (0.0075 nol es) of 2-

chl-geo séruﬂsﬁrWés leol/%od't@%@drfél' resw [dindebldetstel @ddmi?@ to the

slurried in hexane. To the slurry was ded

5. aoqlmm@mzaélog f@afmfsol ution of n-butyllithium i n

cycl ohexane. The m xture gRav@LErced at room
tenperature under a 20 nitrogen atnosphere for 67

hours. Phesaleion of neptalest endsastivataiawasi piepaed, in an inert

LE300RaAER AL e G g 1

ol rag trityktetrekisgentaddorophenylivoseatier 8. 50mL4rlmbLt§ylawmlru5ﬂ §25%

( ofj@ﬁWE gg}n moé_ ;%Br%?héﬂqeg BERL o?'télpur X ggetssm.aﬁ NRr diGed to

was S In a mxture o
10 sthn&ﬁorcﬁOthnytestHeiérreaddm teithe polymaezatitheeadtomi um

salt solution was sl OV\Ay M gp%io the slurry under
a dry nitrogen at m)sphere a E he m xture was

i hen stirred at 25C f @opéyneslidrgparadtien r esul ti ng orange

i ed unaeio s YB39 Getirnago el eflesfiaie stired

soI walctm afo thetrahgtst, ahnobradémpataturewaas chamgad f0i mLari dry,
nert at nosphe box by ntxing, f ,

Cat Gt Y PR ERRpIGoR G My 3b 8 R pVandlapt solution of

vve: @fﬁobﬁ@llal%mmmg\(mh@;@a/ he (100 meu/c)ewamrad?e@ amt fafshed into the

t ol uen 014972 P 2003/ 01758 The.

13 0] (RRCHEH ‘(Xé§ 5§Om£\/\%fd SP%“@P%ndﬂPJtés Ng97R H"&Fe%“gdr?gfgo Increase

addida@tdr présetire pYI2A0TR0] Z)&Boqwg e@dmcﬁéateEXAWBbE Ctégive the

sol ution of cat af t and act r was Prej\Palred in an

i nefesires FHP%%‘% y 8RS 30k - Wﬁrézaé' foegyp by dding

1 fﬂ@mrﬁxé‘f"@étalfyé‘t ¥alttbnl FomBxdmpleyB or C as indicated in Table 1
tetraki s(pentafl uoro henyl %’gor ate

.5 L
t ri fodlgwgd With %ﬂ‘ﬁ‘?lﬂﬁf’ I8l b%ﬂ%h?]hyﬁerﬁé’ﬁ%ﬁg)ona‘ilﬂnand to
3’ 5n{51mt9|f1 teRkitr MResslie ahal ki Rmpsasiurl haveataih@insd andsec.
m nutes before adding to the polymerization
r eae\ftg»; 15prinnteseet palyerization, the reactor was vented to remove the
remaining monomers and isobutane. The polymer was removed from the
reactor, soaked overnight in 1 L of methanol, filtered, and dried. Table 1

gives the copolymerization conditions and the polymer properties.
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10 Copol yner Preparation Copol ynerizations were
performed in a 1L stainless-steel stirred reactor. To

woOheodsroegoe or, at room tenperature, was char gedPd0@Sad03/017589
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of dry, oxygen-free propyITEEE.]Then 0.8 nL of a 25%
by wei ght solution of trii yl al um num i n heptane

(400 nL) was added anBolymasibatibni Résultshe 15 react or
with 50 nL of isobutane. Ethylene gas was added to

a N A VA

aga a afa a N a A 'a ~a N ~
' N aR o SN Praddtivy OY My U7 My, . IRdorpotated P> i SiSotacticrt
i ndi )f:ag?eedE ysrizneTaS aléon 1kgtf9mé'j_h\r/e the desi ngéam(@)opyl enec]:ge:'y
et hylene ratio he polvioerization was hegun-by adding
1.0 n of catal y&f solttlon ffom Exanple B or C.as .
i ndi chted il Tabfe 1 jz%igl ondd Wi th a fllish of E@o L
of isdbut arﬁ&. Et'éﬁ | ene’ ills f&d on demand, to 20
mai nt &i n react or%‘tér ess 119e0 ané to?ﬁJe ?‘errper%tgure was
mai nt 3i ned Bt 258 AFFEP 15°% Rut &% of *° ' o

pol yrféri zatf on, Ffe reB%r #BS"vefifed to remove the”

remai hi ng MnonerS and”*¥obufAd8. the polymer ds %4
renovéd frdth t hé*CreactdP, s64R d¥ernighft in2d L o
met hatol , Rl ter®8, an@°Yri ed""Pablf® | i‘ves t?Re %47

copol yneri zati on conditions and the pol ymer
pIsaipsity indes waslcalcWAd RGO LE QWA 97 QusPCT USRGEBYID LTESPe deFeibaddn PCT
LinPabpy ves domatss.on Resul ts Exanpl e Et hyl ene Cat al yst

(psi gy CopRIDEAMPY 1 AGERRESERE Pidrfoly Shaidondymers
OoEprapylene0OBxarTe®@oant § aye -duplicate pelyn@rizatiamoand show that
5t hts Boidgictile, Eimeleg > F5p7 0 1hEbe"S G Jaeton o
2c8p@yrers itleall thredddggiregDEropetiegOtares!g addock Gpplymerwith rir
Biiintr 2% b En 0 ol o St SRy o
gi%cgmig?}wlﬁiséta@gdﬁiut ?brﬁ@_nExelﬂi\@fy, (0] v1) iSIStllalﬁil@eeqlf&r@e&S Ezkam?les
oo Qub Lo LG e BB, BN TS LFEmCbAF v
deswpateeidwitinhd?@dpolymer preparation.
EXAMPLES 10 and 11
A single copolymer with rqrp greater than 2.0 has relatively long blocks. It

is possible for a copolymer composition which is a blend of random copolymers,
each with rir; about 1.0, to have an, rir, value greater than 2.0. Conventional
Ziegler-Natta polymers are thought to have generally high rir; values because
they are essentially blends of random polymers. To verify that the copolymers
of the invention are not simply blends of random copolymers, fractionation
studies were done. If these copolymers are simply blends of random
copolymers, we would expect rir, for the fractions to be about 1.0. On the other
hand, if they are copolymers with substantial blockiness, the fractions should

have rqr, greater than 2.0.
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5 1Int. Appl. WD 00/01745. Conparative Exanple 1 and
Conparative Exanple 6 are honopol yners of propyl ene.

wexzemnpiies22 and 3 are duplicate pol ynerizati onBCaungd2003/017589
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show that the invention uci bl e. Exanples 2-5
and 7-9 illustrate the foé)msg%qg copol yners with

al | thmae cgmiynest pf opeartples3 Waﬁed:gm;arebshonkmmdl yrter films
withrl rrow

bt el 0n BB it Bk Be AP T bk Rltepy 12 mm

hisghdrg pretact Fﬁ/ebgian@mifath%e eddlsi weley themastirred m a flask
i sotactic 9 also s

R AL TG FeRane A aoR EREF A I nThS Meoluble

C PriEREi Chy tcbumé@mﬂ ﬁnﬁfesﬁ’réb@é’érﬁtah@rdneEXAWeEﬁe%ea@QIuble
11 15 A single COFP& rrervvlthrlr reater than 2.0

h&8PPIEMEE Wga| rgPieshfatRdobk@ethanol rd gEedi pihe sl rgeovery was

Copol.ymeE H‘e@(ﬁﬁ@fmédllmﬂe Wicfidh 'répréséfﬂt&ﬁ%%f of tHedeMginal polymer
copolymers, each with rlr2 about 1.0, to have an rlr2

véﬂelﬁ‘tg?@%t*@d tthanfPloyinacarorsitiesnh  =zi4841090: Nfwide = 3.8;

DQ{%F@Jr§te§r&h§IEﬁ@GJWHOt3°MWe r@enes 8l | PndingRakel S8luble fraction
val ues because are essentially blends of random

poPR/AESYed ‘ff%"/w@r’thf 9nglngltpadyﬁ@erm@mtmé hadthe éllowling properties:
| yenbsPRosNR, /M= 5 Qn'ﬂbé(rpma%lijéthWené anﬂzomm% e g,

fractlonatlon stu i es were done: t hese copo yners
are si hpisyprotasiise sgpanatasdte cqp@bmqrmtg fran@om)@awng different

e’ﬁﬂﬁ&ct,ulir]\xl%gﬁtg fanﬁ%n'fc{n%ﬁjfér ‘Pé\/% d oEbS, (ﬁblﬂﬁé rongﬁaﬁnﬁgh Fira

they are copo ynmers Wt Btant ra
blinsticating sockingessf @fac@mgn@mshmﬂoworhw\eacmse the eshale polymer
E&%@Bg Bon25 12 WD 2004/014972 PCT/ US2003/ 017589
E'10 The copol yner of Exanple, 3 was conpression
nmol ded into filns approXiXaMBLy 175 - 100 microns in

L1 cknis SRtk OF e HBRECH B bt el AR o

[ Iapardxiraa;tblygb‘cenﬂalmcrrmgsmmmnessﬁ ahdaxahiatcaapprommately 12 mm

o5 PlHEfea  Fivaofelh foees bsdtSonbB el G gl e nask

s ebntairéng 4@Imewam|exwae3atrrepneterrpetamedon 80 mirichesnoThaimdoluble

e 0%y B PO Bbel e da g e o Rghagne soluble

pebpoigmer was reprecipitated in methanol and dried. The total recovery was
90%. The hexane insoluble fraction represented 22% of the original polymer
weight and had the following properties: M, = 459,000; M,/M, = 3.5
incorporated ethylene = 12.5 mol%,; rr; = 4.0. The hexane soluble fraction
represented 68% of the original polymer weight and had the following properties:
My = 287,000; Mw/M, = 4.0; incorporated ethylene = 22.0 mol%; rqr, = 3.0.

This procedure separated the copolymers into fractions having different
molecular weights and comonomer levels. Each of these fractions had rqr;
greater than 2.0, indicating blockiness of comonomer incorporation across the
whole polymer composition.
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wei ght and had the follow ng properties: MN = 404, 000;
MV IWn = 3.8; to incorporated ethylene = 10.3 nol %
wWOo20®R/0149326. The hexane sol uble fraction represemnSe®3/017589

43% of e ©oridinal,~pol r [ h he

foll OWIT&LSS’ p )%%'gélgigég : SnW:d%@9g%{%$Qﬁm®% éo%)_h@"ners are not
I sinoplpoblatdsd aft hyridene copdBmersrodfYdifieter?=nnibldeulaFhingights and
procedure separated the copolymers into fractions
hQQVWBOWF??%ﬁ% £ ol ecul ar wei ghts and conmononer

| evel s. Each of these fractions had high rlr2 15

i ndi cating bl ocki ness of conpbnoner incorporation
across the whol e polyner conposition. EXAVMPLE 11 The
copol ynmer of Exanple 4 was conpression nolded into
films approximately 75 - 100 mcrons in thickness and
cut into approximately 12 mm 20 square pieces. Five
grans of these pieces were then stirred in a flask
contai ning 400 nL of hexane at roomtenperature for 90
m nutes. The insoluble material was collected on a
mesh screen and dried. The hexane sol ubl e copol yner
was reprecipitated in nethanol and dried. The total
recovery was 90% The hexane insoluble fraction
represented 22% of the original polynmer 25 weight and
had the follow ng properties: MN= 459, 000; MN M =
3.5; incorporated ethylene = 12.5 nol% r1lr2 = 4.0.
The hexane soluble fraction represented 68% of the
ori gi nal polymer weight and had the foll ow ng
properties: MN= 287,000; MWW = 4.0; incorporated
ethylene = 22.0 nol% rlr2 = 3.0. This procedure
separated the copolyners into fractions having
different 30 nol ecul ar ‘wei ghts and conononer | evels.
Each of these fractions had rlr2 greater than 2.0,

i ndi cati ng bl ocki ness of conobnoner i ncorporation
across the whole polynmer conposition. 13 WO

2004/ 014972 PCT/ US2003/ 017589 Thus, Exanples 10 and
11 denonstrate that the copolyners are not sinply

bl ends of random copol yners of different nol ecul ar

wei ghts and conononer contents. 14 WD 2004/ 014972
PCT/ US2003/ 017589
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| claim 1. A block copolyner conprising recurring
units of an a-olefin and a second olefin, the block

woapalogsee di spl ayi ng the foll ow ng properti esPC{Aa)2003/017589
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migéﬁftICity i ndex of 0.40 to 0.90; 5 (b) nol ecul ar

di stribution less than 6.0; and (c) rilr2

greatef. thax b&c@ ;copblgmer lcomibnéing $e¢dnengp unitkiot afa-dibién and a
or, the.a-ol.e d .t he second

reactiyvit f

e s, hEbRER hepScHSRuT NP BliSrby RraREi

a- ol e}‘l n i s(a)seb@ctla@ |ﬁdié)mftmﬂ) togzemlp consi sting of

propyl ene, nd 1-octe 3 The
copol yner cf% 'E‘IO CHF“i ?éisﬁ%{"ﬁ ?@Egﬁ‘ﬂi‘@ﬁe‘i‘rﬂ

di fferent (E); ﬂmdré‘fteaﬁr@ha‘ O;"wiedeini r$r, ssa{r@c;sr?d%cftrdv mhé Feactivity
group consistin e ene, rop ut ene,

1- hexene and "B 8%? ifae “ﬁ'efﬂ%‘dctgﬁéﬁgﬂ%cp"%fmcl aim1
furtheg conmd @dprw/nﬁémfrda.mq Whkieth B RoletiRiid selettedl ifldm the
15 5. The ¢o nmer of claim2 wherein the a-olefinis

p OB OReisting ofrprePdsp®l [ RWENS1-BPENR BAHEFENF t he

secondzol efTH% tSp&yrt Sf‘ela|m7l wﬁ@%nrﬁ@iﬁ@'sﬁw{d @feflﬁhé“d"fferent
5 wherein the second olefin is ethylene.

8.
cHi98 yhero-glefial andniy e@aged serg ﬁwee@f@rp tcﬁaﬁsw ] &hyiene,

PLARYIHRE1 TbRdHe! HIHExERE bid 14ftete, The copol yner of
cI aim8 co r| sing greater than 80 nole % propyl ene

recur rfng uier sopolymenobrlaim 1clipei spmgrising reeong waits of a
of; ﬁj #R 1 and a second polyner. 11. The bl end of

thl Sefi

16 wherein the second polyner is

poI ypr@pyl et copplymeieof oo 2ywhareipithe p(aileﬁmlsmarcngw ng
the fokl ow d t
0es 15 o ot PR Sieim hne A Lo A et ene.
t han 47.0; af cqpejynner qulagnéafvfmfemﬁbﬁseccmd Jefin8 ethylene.

Wi th ot Sochia CBPRrIRF D R 1TRLEIA BReertEn B gpote %

with a— second inin e pres an a
amdoyleBeoapurdng unitansi ti on net al

9. The copolymer of claim 8 comprising greater than 80 mole %
propylene recurring units.
10. A blend comprising the copolymer of claim 1 and a second
polymer.
11. The blend of claim 10 wherein the second polymer is
polypropylene.
12.  The copolymer of claim 1 displaying the following properties:
(a) isotacticity index of 0.45 to 0.80;
(b) molecular weight distribution less than 4.0; and
(c) rira greater than 2.5
13. A process which comprises copolymerizing an a-olefin with a
second olefin in the presence of an activator and a Group 3-5 transition metal
catalyst that has two non-bridged indenoindolyl ligands; wherein the resulting
block copolymer has isotactic and atactic stereoblock sequences.

15



catal yst that has two non-bridged indenoi ndol yl
i gands; wherein the resulting block copolyner has

woOoi4aa497¢ and at acti c stereobl ock sequences. BETN¥2003/017589
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2004/ 014972 0 : .The_pr s, of ‘
claim 1% V\h-léﬁeeci-gnry%sg §é?é@§% M&érﬁl%gﬁ%eﬁ?ﬁg&fﬁ has the general
ststructune e L1 N ~X, ~M L2 X2 wherein Mis a Goup

3-5 transition netal; X1 and X2 are the sane or

different 5 and are sel ected fXgmthe group

consi sting of hal ogen, al koxyp aryl oxy, sil oxy,

di al kyl am no and hydrocar bi,_/l/l |\g<ands; L1 and L2 are

the same or different and “are 4& ected fromthe group
consisting of RlI~2 RIOR3 RO OR4A R8 R5 R7T R6 R2

" Iher&iRdV R a0Grddd 35 Raansilion R%tﬁ?xﬁ%n\ﬂ’f)(‘alrﬁ‘eﬁhgjsahﬁ or different

sel ected fromthe group consisting of alkyl, aryl, '
arfadiare, selgried oy theggioup sonsistingrpbhiyroen. calikexy, BRkoxy, siloxy,
S kMol AT BRdroddlBySIRjaREs:ad AFP M bRe 1 OMRe or different and
consi'sting of hydrogen, al kyl, aryl, aralkyl, silyl,
hzﬂ%@@'ﬁ?teglfmme HPYp 6Rsistsig|dxy, ~ thi oether, nitro,
di al kyl am no, and diaryl am_no groups. 15 15. The
process of claim 13 wherei n[rtRF\e polRgeri zation is

performed at

and

wherein R, is selected from the group consisting of alkyl, aryl, aralkyl, and silyl
groups; Ro through Ry are the same or different and selected from the group
consisting of hydrogen, alkyl, aryl, aralkyl, silyl, halogen, alkoxy, aryloxy, siloxy,
thioether, nitro, dialkyl amino, and diaryl amino groups.
15.  The process of claim 13 wherein the polymerization is performed at
a temperature within the range of about 0°C to 150°C.
16.  The process of claim 13 wherein the copolymer has the following
properties:
(a) isotacticity index of O.‘40 to 0.90;
(b) molecular weight distribution less than 6.0; and
(c) rir2 greater than 2.0; wherein riry is the product of the reactivity
ratios for the a-olefin ‘and the second olefin.
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a tenperature within the range of about 0C to 150C.
16. The process of claim 13 wherein the copol yner has

woOheosiookd7owWi Nng properties: (a) isotacticity i RAEUSH03/017589
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r Begondsolefie iptheduesenat of heatadyst that by the gériepsl strotturdie

a-olefin and the second olefin. 16 WD 2004/ 014972

PCT/ US2003/ 017589 17. A process which conprises

copol ynmeri zi ng an a-ol efj ith a second olefin in
the presence of a cataly
structure <0 50 C--j

hat has the general

sul ting copol yner

| ock sequences. 15
CEhe process of claim13.

2 copol yner of claim 18 and a
claim19 wherein the
20 17

al unoxane acti vat
has isotactic .
18. A copol yner prepared
19. A blend conprising t
second pol yner.
second pol yner i

and an alumoxane activator; wherein the resulting copolymer has isotactic and
atactic stereoblock sequences.

18. A copolymer prepared by the process of claim 13.

19. A blend comprising the copolymer of claim 18 and a second
polymer.

20. The blend of claim 19 wherein the second polymer is

polypropylene.
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