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Moreover, blocky copolymers can also have enhanced thermal properties.

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
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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
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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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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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The above lithium salt (0.9 gram, 0.0028 moles) was dissolved in a
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 resuiting 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.

10
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20 maintain reactor pressure and the temperature was maintained at 25°C.
After 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.
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is possible for a copol ynmer conposition which is
bl end of random copol yners, each with rir2 about aAfJ%JSTz()OS

wo ooohawe7aNn, rjr2 val ue greater than 2.0. ConverdtT/osmb3/017589
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TQ Fggi e soluble fraction represented 43% of the

ori grnal polymer Weight and had the foll ow ng

properti es: Mwv = 257 O0EXAMPL¥MN 1+ 3. 9; incorporat ed

et hyl ~ 12. 4 nol roce

separ ol et CREVESDoPYrPL 5 P Ot ed into fims
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pobntaming 400rpbef héxeme dEXAdRLErhperature 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%,; 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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The copol yner of Exanple 4 was conpression nolde J§1 T 2006
films approximately 75 - 100 microns in thlcknes§\
we o402 approxi mately 12 nm 20 square pi ecesPCFUYM03/017589

gr anms S hen re n a flask
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msirple blentise of Ns@toil @opﬂ@hers aJf uversret®! inekkcakr opeights and
mesh screen ?Qg dried. The hexane sol uble copol yner
WedMPRPPYGP Gt Bt ed i n 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: 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 polymer weight and had the foll ow ng
properties: Mv = 287,000; M~ Mh = 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 rjr2 greater than 2.0,

i ndi cati ng bl ocki ness of conononer incorporation
across the whole polyner conposition. 14 AUGUST 2006
WO 2004/ 014972 PCTI 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 14 AUGUST 2006 1
claim | A block copolyner conprising recurring units
of an (err)-olefin, a second olefin, and a third

ol efin, the bl ock copolynmer displaying the follow ng
properties: (a) isotacticity index of 0.40 to 0.90;

(b) nol ecul ar weight distribution |less than 6.0; and
(c) rlr2 greater than 2.0; wherein r1lr2 Is the product
of the reactvity ratios for the a-olefin and the
second ol efin.
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2. A bl ock copolyner conprising recurring units of
greater than 60 nole % propylene, and a second 1+AUGUST 2006
ol efin, the block copol ynmer displaying the follow ng
properties: (a) isotacticity index of 0.40 to 0.90;
(b) nol ecul ar weight distribution |less than 6.0; and
(c) rjr2 greater than 2.0; wherein rlr2 is the product
3f he reactivity ratios for propylene and the second
Mh. 3. The copol ynmer of claim 2 conprising greater
than 80 nole % propylene recurring units. 4. A blend

ol by’ Rt KiRbpctg Gefr g BS: & 376Pekrp,g second

pol ymelefins apdl & thirgydiems,. theSblodie&opolpmiey rdispiaying| thenfollowing
di splaying.the follow ng properties: (a) isotacticity

i ndex PEIPERtiess ¢ o 0.80; (b) nol ecul ar wei ght
di stributi g idstadicity suek-d0.40@ 06@) r. r2 greater

than 2.5.
(b) molecular weight distribution less than 6.0; and ,
(c) ryr2 greater than 2.0; wherein rir2 is the product of the reachivity
ratios for the a-olefin and the second olefin.
2. A block copolymer comprising recurring units of greater than 60 mole %
-~ propylene and a second olefin, the block copolymer dispiaying the
following properties:
(a) isotacticity index of 0.40 to 0.90;
(b) moleculér weight distribution less than 6.0; and
(c) rir2 greater thén 2.0; wherein ryr2 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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