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catalyst studied. They show a table of eighteen other catalysts previously
studied in the literature. None of the thirteen metallocene catalysts gave block

copolymers (rir2 varied from as low as 0.14 to as high as 1.5). Of the Ziegler-
Natta catalysts, heterogeneous titanium 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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ird olefms are C,~C,o a-olefins, such as ethylene, propylene, 1-butene, 1-
hexene, 1-octene and non-conjugated dienes such as 1,5-hexadiene and 2,5-
norbornadiene. Preferably, the block copolymer comprises more than 60 mole%
propylene units and more preferably more than 80 mole % propylene units.

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
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atactic stereosequences may also be present. The copolymers are
characterized by having an isotacticity index of 0.40 to 0.90, preferably 0.45 to
0.80.

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
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where 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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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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Optionally, the catalyst is immobilized on a support. The support is

preferably a porous material such as inorganic oxides and chlorides, and
15 organic polymer resins. Preferred inorganic oxides include oxides of Group
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
20 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
25 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,
30  polyvinyl alcohol, polyvinyl chioride, EPDM, polyamides or polycarbonate.
Preferably, the blend is with polyolefins such polypropylene, polyethylene or
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spirit of th I nvention and scope of the clains,
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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m nutes before adding to the polynerization
r eadftesr 15 minutes of polymerization, 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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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.

12



4 40 Ex B 65,000 378,000 3.9 25.0 2.8 0.69 5 60
71,000 502,000 3.3 33.9 3.1 0.71 C6 0 ExC 10, o0 RUGUST 2008

WQRi400078.7 0 - - 7 20 Exc 47,000 226, QDO 3. 6pdinud2083/017589

10

15

20

25

30

0.46 8 40 Ex C 1334, 000 8 29.02.40.48 9
60 Ex C 96,000 311, 000 35%@'@%1 0.47 Isotacticity

i ndex s cbﬁbl‘ytﬂeatefd Hxanipledl B GridVRoflréssisi NPolded into films

t eﬁrgk I%B?%b?g]ﬂiéo hﬁ’%ﬁggmg fc\;;gg%‘iﬁpg mtoaqm)roxma’!ely 12 mm

C@ma@em Bﬁwl@raﬁlsabﬁ theua pRickEBlSre BHenPEfPYd enﬁlea flask
Ex agl es and are duplicate pol ynerizations and

WH‘é*t"'ootrH'e Of REPERREI 2317098 t«?r@eﬁr@ g 05199, miBkiasp| e insgjuble

améte%raia Wds BSildciide ohhg rhesimakicaR Qﬁd dFiego! mrﬁek’éfnbhsoluble
all three desired properties, nanely a bl ock copol yner

\/\PQRP'Y"&WZW?&) r@?@ﬁ'?@?tef’ Hﬁﬁ“@thén‘f"aam’a?rﬂ%ﬂm Hoeeletal gecovery was

\’\@6%ht Tﬁ'é %Rér’é&ﬂds@fﬂnbﬁﬁ#aéﬂo%r I%%Fé’s%HIe@rM% thtﬁb orlg%an?)'blymer
isotactic but contains relatively
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F 8125’765()(0 R, bl&‘)@lﬁﬁc r‘)&rﬁtédsetﬁ’ﬁ% l(]? 4 r‘HBIO/aJérﬁ]— 3.1.

copol ymer conpoSi ticn I's a
copol yhhig proceduichseparatedthe c@bgl\rtnens Onto fractiensehawing different
ti I ' - :

BB S R0 olomPE B, 1By BRI i v

vmldwesn@ edeniess tdfegoraormnesss ipnoipalatipn bharosts tiif wheted olymer

p%%E?g'ﬁ’o To verify that the copol yners 20 of the

i nvention are not sinply blends of random copol yners,

fractionation studies \NED(é\IVIRLrI‘ﬁH If these copol yners

are siqply. bl nds Q om , ¢9 ner s

cxpoct TR 1coBpBR o8 BRERET P b Tencts B8ed v, mims

otpmoxintedatig 751 10t enjcrane ircthjpithysearsd vattibtosagpsdamatey 12 mm
bl ocki ness, t |r_a fraction ¢ houl d have ré.ergrgatgr. flask

t AGF'S. 585 13V4 TAUIRUS Plages Hiejs) BiEfgaTed in a flas
PéHth.ISR@O!IﬂOOﬁIZEBBexane at room temperature for 90 minutes. The insoluble
material was collected on a mesh screen and dried. The hexane soluble
copolymer 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%,; rirp, = 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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EXAMPLEL1O The copol yner of Exanple, 3 was corrpreSS|H&iLJrlJST2006
nol ded into filnms approximately 75 - 100 mi cron$
wo biogkness and cut into approximately 12 nmm stUsz003/017589

pi ece Fi rans, Qf t e pieces r hen stirre
"o T a5 0 OB Sise b G CRegOmere are not
t simply adleroe fobr rabQomi RopEigmemhefi disfetamd! @oletalaer weibhts and
was coIIecteg? n a nmesh screen and dried. The hexane
sBYTBfEnes 'ﬁ frer was reprecipitated in methanol and
dri ed. The total recovery was 96% The hexane
i nsoluble fraction represented 53% of the origina
pol ymer weight and had the foll ow ng properties: Mv =
404,000; M/M = 3.8; io0 incorporated ethylene = 10.3
mol % rlr2 = 3.6. The hexane sol uble fraction
represented 43% of the original polynmer Wight and had
the follow ng properties: Mv = 257,000; MV M1 = 3.9;
I ncorporated ethylene ~ 12.4 nol% rlr2= 3.1. This
procedure separated the copolyners into fractions
having different nol ecul ar wei ghts and conononer
| evel s. Each of these fractions had high rjr2 is
i ndi cati ng bl ocki ness of conononer incorporation
across the whole polyner conposition. EXAMPLEL1 The
copol ynmer of Exanple 4 was conpression nolded into
films approximately 75 - 100 microns in thickness and
cut into approximately 12 mm 20 square pieces. Five
grans of these pieces were then stirred in a flask
cont ai 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 uble copol yner
was reprecipitated in nmethanol 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: M = 459,6000; M-/ M- =
3.5; incorporated ethylene = 12.5 nol% r1lr2 = 4.0.
The hexane soluble fraction represented 68% of the
ori ginal polynmer weight and had the follow ng
properties: Mwv = 287,000; MV M1 = 4.0; incorporated
ethylene = 22.0 nol % rlr2= 3.0. This procedure
separated the copolynmers into fractions having
different 30 nol ecul ar wei ghts and conononer | evels.
Each of these fractions had rjr2 greater than 2.0,

. I'ndi cating bl ocki ness of conononer incorporation
across the
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whol e pol ynmer conposition. 14 AUGUST 2006 WO
2004/ 014972 PCTI US2003/ 017589 Thus, Exanples 10 AfyGT 2006
denonstrate that the copolyners are not sinply blends
of random copol yners of different nol ecul ar weights
and conononer contents. 14 14 AUGUST 2006 1 claim |
A bl ock copol ymer conprising recurring units of an

Qek; -olefin, a second olefin, and a third ol efin,

78 ock copol ynmer di splaying the foll ow ng

properties (a) isotacticity i ndex of 0.40 to O 90;

t di st.r.i bution Ies

"R Bk Captinfd. ctsBaSing e afinb s 28h 9Bl 4. pecond

Of th@ldﬁﬁa@n\dl & \third adlefas, ther bibbie copolysier dispidyihiethe following
second olefin. 2. A block copol ynmer conpri sing

recur Pf‘?ﬂ?mﬁﬁts of greater than 60 nole % propylene,

and a_secopn igitadticity irldek d1loomoqReE! yrer di spl ayi ng
the follow ng propert| es: (a) isotacticity index of

0.40 to 0.60:melegulaiweight distriptiemiessthan8.8uandn | ess |
than 6.0; gﬂ 1[rs gaeaiehrrtﬁaﬂ rze@tva{er&ﬁ%aﬂz% the wgr%et Sf{héfr%aoﬂvuy

is the prodt e react'i vi ratios propylene
and t he secomatiosifer the. u—glefmraaddé@aeqnmlrolgﬁn claim?2

onpr -0
i <P H{B8k, Spalrer CORfristg TBetrig WP i ERatet B B0 Bote
and apeopyleme podyaesecortl, oﬁﬁa ithenbiock cdpmilymer \displayimg the
the s nd I r.is polypropylene. 6. The copol yner
of cl gq%%ggquéﬁﬁng the follow ng properties: (a) ‘

i sotacti ci(rayisjdtatm:clty)ﬁ\d@x%mm t6.0580; (b) nol ecul ar

\é\?iag? ter d't ﬁ@)ﬁ] u?ar welgﬁt Jl&ﬁgutlonolms H"\%n é 6; )and r2

(c) nrz greater than 2.0; wherein rirz is the product of the reactivity
ratios for propylene and the second olefin.
3. The copolymer of claim 2 comprising greater than 80 mole % propylene
recurring units.
4, A blend comprising the copolymer of claim 2 and a second polymer.
5. The blend of claim 4 wherein the second polymer is polypropylene.
6. The copolymer of claim 2 displaying the following properties:
(a) isotacticity index of 0.45 to 0.80;
(b) molecular weight distribution less than 4.0; and
(c) rirzgreater than 2.5.
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