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Figure 1B 
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.8384 microns X 4 on 3 
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Figure 1D 
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Figure 1B 
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Figure 1F 
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Example 1C Example 1C 
FOV equals 6.6776 x 6.6776 microns FOV equals 3.7454 x 3.7454 microns 
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Figure 1H 

Santoprene 201-55 Santoprene 201-55 F 
FOV equals 3.7454 x 3.7454 microns FOV equals 1.8384 x 1.8384 microns 
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Figure 2B 
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Figure 2C 
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HETEROGENEOUS POLYMER BLEND AND 
PROCESS OF MAKING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims bene?t of US. Provisional 
Application Ser. No. 60/693,030 ?led Jun. 22, 2005. 

BACKGROUND 

[0002] Heterogeneous polymer blends comprising a sec 
ond polymer dispersed in a matrix of a ?rst polymer are very 
useful and, depending on the properties and the relative 
amounts of the ?rst and second polymers, a Wide variety of 
such polymer blends can be produced. Of particular interest 
are polymer blends, also referred to as thermoplastic elas 
tomers, in Which the ?rst polymer is a thermoplastic mate 
rial, such as polypropylene, and the second polymer is an 
elastomeric material, such as an ethylene-propylene elas 
tomer or an ethylene-propylene-diene (EPDM) rubber. 
Examples of such thermoplastic elastomers include polypro 
pylene impact copolymers, thermoplastic ole?ns and ther 
moplastic vulcanizates. 

[0003] Unlike conventional vulcanized rubbers, thermo 
plastic elastomers can be processed and recycled like ther 
moplastic materials, yet have properties and performance 
similar to that of vulcanized rubber at service temperatures. 
For this reason, thermoplastic elastomers are useful for 
making a variety of articles such as Weather seals, hoses, 
belts, gaskets, moldings, boots, elastic ?bers and like 
articles. They are also particularly useful for making articles 
by bloW molding, extrusion, injection molding, thermo 
forming, elasto-Welding and compression molding tech 
niques. In addition, thermoplastic elastomers are often used 
for making vehicle parts, such as but not limited to, Weather 
seals, brake parts including, but not limited to cups, coupling 
disks, diaphragm cups, boots such as constant velocity joints 
and rack and pinion joints, tubing, sealing gaskets, parts of 
hydraulically or pneumatically operated apparatus, o-rings, 
pistons, valves, valve seats, and valve guides. 

[0004] One method of making the aforementioned poly 
mer blends is by mixing two different polymers after they 
have been polymerized to achieve a target set of properties. 
HoWever, this method is relatively expensive making it 
much more desirable to make blends by direct polymeriza 
tion. Blending by direct polymerization typically uses mul 
tiple reactors in series, Where the product from one reactor 
is fed to a second reactor having a different polymerizing 
environment, resulting in a ?nal product that is an intimate 
mix of two different products. Examples of such processes 
employing vanadium catalysts in series reactor operation to 
produce different types of EPDM compositions are disclosed 
in US. Pat. Nos. 3,629,212, 4,016,342, and 4,306,041. 

[0005] US. Pat. No. 6,245,856 discloses a thermoplastic 
ole?n composition comprising polypropylene, an ethylene 
alpha ole?n elastomer and a compatabilizer comprising an 
ethylene-propylene copolymer having a propylene content 
of greater than 80 Weight percent. According to this patent, 
the individual components of the composition can be sepa 
rately manufactured and mechanically blended together in a 
mechanical mixer or tWo or more of the components can be 
prepared as a reactor blend using a series of reactors Where 
each component is prepared in a separate reactor and the 
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reactant is then transferred to another reactor Where a second 
component is prepared. In the absence of the compatabilizer, 
the elastomer phase is said to be uneven With particles 
greater than 5 microns in size, Whereas the addition of the 
compatabilizer is said to improve dispersion such that the 
elastomer phase has a particle size of about 1 micron. The 
elastomer phase of this polymer blend is not cross-linked. 

[0006] US. Pat. No. 6,207,756 describes a process for 
producing a blend of a continuous phase of a semi-crystal 
line plastic, such as polypropylene, and a discontinuous 
phase of an amorphous elastomer, such as a terpolymer of 
ethylene, a C3-C2O alpha ole?n and a non-conjugated diene. 
The blends are produced in series reactors by producing a 
?rst polymer component in a ?rst reactor, directing the 
el?uent to a second reactor and producing the second 
polymer component in solution in the second reactor in the 
presence of the ?rst polymeric component. US. Pat. No. 
6,319,998 also discloses using series solution polymeriza 
tions to produce blends of ethylene copolymers. US. Pat. 
No. 6,770,714 discloses the use of parallel polymerizations 
to produce different polymeric components that are then 
blended through extrusion or using other conventional mix 
ing equipment. One polymeric component is a propylene 
homopolymer or copolymer and the second polymeric com 
ponent is an ethylene copolymer. 

[0007] One particularly useful form of thermoplastic elas 
tomer is a thermoplastic vulcanizate (“TPV”), Which com 
prises a thermoplastic resin matrix, such as polypropylene, 
Within Which are dispersed particles of a cured elastomeric 
material, such as an EPDM rubber. TPVs are normally 
produced by a process of “dynamic vulcanization”, Which is 
a process of vulcanizing or cross-linking the elastomeric 
component during intimate melt mixing With the thermo 
plastic resin, together With plasticizers (e.g. process oils), 
?llers, stabilizers, and a cross-linking system, under high 
shear and above the melting point of the thermoplastic. The 
mixing is typically done in a tWin-screW extruder, to create 
a ?ne dispersion of the elastomeric material Within the 
thermoplastic resin While the elastomeric material is cured. 
The levels of thermoplastic resin and plasticizer (oil) can be 
adjusted to produce grades having different pro?les of 
hardness, rheology and engineering properties, although in 
general it is di?‘icult to produce TPVs by dynamic vulcani 
zation in Which the content of the elastomeric phase is 
greater than 50 Wt % of the overall polymer blend. Examples 
of dynamic vulcanization are described in the US. Pat. Nos. 
4,130,535 and 4,311,628. 

[0008] HoWever, While dynamic vulcanization is e?fective 
in producing TPVs With a unique pro?le of properties, it is 
expensive and sulfers from a number of disadvantages. Thus 
the production of quality product is technically challenging 
and specialized equipment is needed. Moreover, the process 
involves many steps, each one critical to the eventual quality 
of the ?nal product. Forming the polymer blend normally 
involves separately comminuting bales of the elastomeric 
polymer (Which is typically hoW EPDM rubber is commer 
cially distributed), mechanically mixing it With the thermo 
plastic resin along With the processing oils, curatives, and 
other ingredients in a suitable high shear mixing device to 
comminute the rubber particles and cure them to generate 
cured rubber particles embedded in a continuous thermo 
plastic resin matrix. The cured rubber particles in the ?n 
ished products have an averaged particle size of 1 to 10 
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microns. Careful injection of processing oil helps manage 
the rheological characteristics of the ?uid in the reactive 
extruder (to minimize pressure buildup) as Well as product 
properties such as hardness. Precise control over the size and 
distribution of the cross-linked elastomer particles is sought, 
as it a?fects properties such as elastic recovery (as measured 
through compression set). While the products produced With 
existing technology have many desirable properties, there 
are gaps in the overall properties pro?le. Some of these are 
the need for higher service temperatures, improved elastic 
recovery, softer products, higher tensile strength, easier 
processability, oil-free compositions, and/or colorless prod 
ucts. 

[0009] An improved process for producing TPVs is dis 
closed in Us. Pat. No. 6,388,016, incorporated herein in its 
entirety, in Which a polymer blend is produced by solution 
polymerization in series reactors employing metallocene 
catalysts and the resultant blend is subjected to dynamic 
vulcanization. In particular, the process involves feeding a 
?rst set of monomers selected from ethylene and higher 
alpha-ole?ns, and a solvent, to a ?rst continuous ?oW stirred 
tank reactor, adding a metallocene catalyst to the ?rst reactor 
in an amount of 50 to 100 Weight % of the total amount of 
catalyst added to all reactors, operating the ?rst reactor to 
polymerize the monomers to produce an e?luent containing 
a ?rst polymer, feeding the el?uent from the ?rst reactor to 
a second continuous ?oW stirred tank reactor, feeding a 
second set of monomers selected from ethylene, higher 
alpha-ole?ns and non-conjugated dienes, and optionally 
additional solvent, to the second reactor, operating the 
second reactor to polymerize the second monomers to 
produce a second polymer containing diene, recovering the 
resulting ?rst and second polymers and blending them With 
a curing agent under conditions of heat and shear suf?cient 
to cause the blend to How and to at least partially crosslink 
the diene-containing polymer and form a dispersion of cured 
diene-containing particles in a matrix of the ?rst polymer. It 
Will, hoWever, be seen that this improved process still relies 
on dynamic vulcanization to cure the elastomeric compo 
nent. As a result the cured diene-containing particles have an 
average particle size in the range of 1 to 10 microns 

SUMMARY 

[0010] In one aspect, the present invention relates to a 
heterogeneous polymer blend comprising: 

[0011] (a) a continuous phase comprising a thermoplas 
tic ?rst polymer having a crystallinity of at least 30%; 
and 

[0012] (b) a dispersed phase comprising particles of a 
second polymer different from the ?rst polymer dis 
persed in said continuous phase, the second polymer 
having a crystallinity of less than 20% and being at 
least partially cross-linked, and the average particle 
size of the particles of the second polymer being less 
than 1 micron. 

[0013] In a further aspect, the present invention resides in 
a heterogeneous polymer blend comprising: 

[0014] (a) a continuous phase comprising a thermoplas 
tic ?rst polymer having a crystallinity of at least 30%; 
and 

[0015] (b) a dispersed phase comprising particles of a 
second polymer different from the ?rst polymer dis 

Dec. 28, 2006 

persed in said continuous phase, the second polymer 
having a crystallinity of less than 20% and being at 
least partially cross-linked, and the average particle 
size of the particles of the second polymer being less 
than 10 microns, 

Wherein said polymer blend is substantially free of pro 
cessing oil. 

[0016] Preferably, said thermoplastic ?rst polymer is a 
homopolymer of a C2 to C20 ole?n or a copolymer of a C2 
to C20 ole?n With less than 15 Wt % of at least one 
comonomer. 

[0017] Preferably, the second polymer is produced from a 
plurality of comonomers comprising at least one C3 to C20 
ole?n and at least one polyene. Conveniently, the polyene 
has at least tWo polymerizable unsaturated groups and 
preferably is a diene. 

[0018] Preferably, the average particle size of the particles 
of the second polymer is betWeen about 50 nanometers and 
about 0.5 microns. 

[0019] Conveniently, said dispersed phase comprises 
more than 50 Wt %, such as more than 60 Wt %, for example 
more than 70 Wt % of the total heterogeneous polymer 
blend. 

[0020] In a another aspect, the present invention resides in 
a heterogeneous polymer blend comprising: 

[0021] (a) a continuous phase comprising a thermoplas 
tic ?rst polymer that is at least partially crystalline; and 

[0022] (b) a dispersed phase comprising particles of a 
second polymer different from the ?rst polymer dis 
persed in said continuous phase, Wherein said dispersed 
phase comprises at least a fraction Which is insoluble in 
xylene and Which comprises less than 10,000 ppm, 
such as less than 2,500 ppm, such as less than 1,000 
ppm, such as less than 100 ppm, such as less than 10 
ppm, (preferably in the absence) of a curative. 

[0023] Conveniently, said fraction insoluble in xylene 
comprises at least is at least 4%, such as at least 10%, such 
as at least 20%, such as at least 40%, such as at least 50%, 
of said dispersed phase. 

[0024] In yet a further aspect, the invention resides in a 
process for producing a heterogeneous polymer blend com 
prising (a) a continuous phase comprising a thermoplastic 
?rst polymer that is at least partially crystalline; and (b) a 
dispersed phase comprising particles of a second polymer 
different from the ?rst polymer dispersed in said continuous 
phase, the second polymer having a crystallinity less than 
that of the ?rst polymer and being at least partially cross 
linked, the process comprising: 

[0025] (i) polymerizing at least one ?rst monomer to 
produce a semi-crystalline thermoplastic ?rst polymer 
that is at least partially crystalline; and 

[0026] (ii) contacting at least part of said ?rst polymer 
With at least one second monomer and at least one 
polyene under conditions su?icient to polymerize said 
second monomer to produce said second polymer and 
also (preferably simultaneously) cross-link said second 
polymer such that the dispersed phase produced by said 
contacting (ii) comprises at least a fraction Which is 
insoluble in xylene. 
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[0027] In still a further aspect, the present invention 
resides in a process for producing a heterogeneous polymer 
blend, the process comprising: 

[0028] (a) selecting a catalyst capable of polymerizing 
a C2 to C20 ole?n to produce a ?rst polymer having at 
least 30% crystallinity; 

[0029] (b) contacting said catalyst With one or more C2 
to C20 ole?ns at a temperature of at least 50° C. to 
produce a ?rst polymer having at least 30% crystallin 
ity; 

[0030] (c) contacting said ?rst polymer and said catalyst 
With at least one C3 to C20 ole?n and at least one 
polyene under conditions sufficient to polymerize said 
at least one C3 to C20 ole?n to produce a second 
polymer and simultaneously cross-link said second 
polymer, Whereby the product of said contacting (c) is 
a heterogeneous polymer blend comprising a continu 
ous phase of the ?rst polymer having at least 30% 
crystallinity and a discontinuous phase of particles of 
said second polymer having an average particle size 
less than 3 microns, said second polymer being at least 
partially cross-linked and comprising at least 15 Wt % 
of said C3 to C20 ole?n and at least 0.0001 Wt % of said 
polyene. 

[0031] Conveniently, said polyene has at least tWo poly 
merizable unsaturated groups. 

[0032] Conveniently, said catalyst selected in (a) is a 
single site catalyst comprising at least one catalyst compo 
nent, normally a metallocene, and at least one activator. 

[0033] In still yet a further aspect, the present invention 
resides in a process for producing a heterogeneous polymer 
blend, the process comprising: 

[0034] (a) selecting a catalyst capable of polymerizing 
a C2 to C20 ole?n to produce a ?rst polymer having at 
least 30% crystallinity; 

[0035] (b) contacting said catalyst With one or more C2 
to C20 ole?ns at a temperature of at least 500 C. to 
produce a ?rst polymer having at least 30% crystallin 
ity; 

[0036] (c) contacting said ?rst polymer together With at 
least one C3 to C20 ole?n and at least one polyene With 
a catalyst capable of polymerizing bulky monomers 
under conditions suf?cient to polymerize said at least 
one C3 to C20 ole?n to produce a second polymer and 
simultaneously cross-link said second polymer, 
Whereby the product of said contacting (c) is a hetero 
geneous polymer blend comprising a continuous phase 
of the ?rst polymer having at least 30% crystallinity 
and a discontinuous phase of particles of said second 
polymer having an average particle size less than 3 
microns, said second polymer being at least partially 
cross-linked and comprising at least 15 Wt % of said C3 
to C20 ole?n and at least 0.0001 Wt % of said polyene. 

[0037] Conveniently, said catalyst employed in contacting 
(c) is capable of producing a polymer having an MW of 
20,000 or more and a crystallinity of less than 20%. 

[0038] In one embodiment, the catalyst employed in con 
tacting (c) is the same as the catalyst employed in contacting 
(b). 
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[0039] In another embodiment, the catalyst employed in 
contacting (c) is the different from the catalyst employed in 
contacting (b) and catalyst quenching is applied betWeen the 
contacting (b) and the contacting (c). 

DESCRIPTION OF THE DRAWINGS 

[0040] FIGS. 1A and 1B are atomic force micrographs 
(AFM) of the polymer blend produced in Example 1A and 
1B, respectively. 

[0041] FIG. 1C is a transmission electron micrograph 
(TEM) of a molded part cross-section produced from the 
polymer blend of Example 1A. 

[0042] FIG. 1D is a histogram of particle sizes for the 
polymer blend of Example 1A obtained from an AFM 
image. 
[0043] FIG. IE is a histogram of particle sizes for the 
polymer blend of Example 1A obtained from a TEM image. 

[0044] FIG. 1F is a DSC trace of the xylene insolubles of 
Example 1B. 

[0045] FIG. 1G is a transmission electron micrograph 
(TEM) of a molded part cross-section produced from the 
polymer blend of Example 1C 

[0046] FIG. 1H are transmission electron micrographs 
(TEM) of molded part cross-sections produced from Santo 
prene 201-55 and 201-55F. 

[0047] FIG. 2A is an atomic force micrograph (AFM) of 
the polymer blend produced in Example 2C. 

[0048] FIG. 2B is a transmission electron micrograph 
(TEM) of a molded part cross-section produced from the 
polymer blend of Example 2C. 

[0049] FIG. 2C is a Van Gurp-Palmen plot for Examples 
1A and 2C, and Santoprene 201-55 and 201-73. 

DETAILED DESCRIPTION 

[0050] For purposes of this invention and the claims 
thereto When a polymer or oligomer is referred to as com 
prising an ole?n, the ole?n present in the polymer or 
oligomer is the polymerized or oligomerized form of the 
ole?n, respectively. Likewise the use of the term polymer is 
meant to encompass homopolymers and copolymers. In 
addition the term copolymer includes any polymer having 2 
or more monomers. Thus, as used herein, the term “polypro 
pylene” means a polymer made of at least 50 Weight % 
propylene units, preferably at least 70% propylene units, 
more preferably at least 80% propylene units, even more 
preferably at least 90% propylene units, even more prefer 
ably at least 95% propylene units or 100% propylene units. 

[0051] As used herein the term “substantially free of 
processing oil” means that the relevant product contains 
little or no of the oil-based processing aids, such as extender 
oils, synthetic processing oils, oligomeric extenders, or a 
combination thereof, that are added to conventional polymer 
blends to control the rheological characteristics of the blends 
during dynamic vulcanization. Preferably the relevant prod 
uct contains less than 1 Weight % processing oil, more 
preferably less than 0.5 Weight %, preferably less than 0.1 
Weight % processing oil. The amount of oil in the polymer 
blend is determined using solvent extraction as described the 
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example section. By virtue of the fact that the second 
polymer of the polymer blend of the invention is formed as 
at least partially cross-linked particles dispersed in the ?rst 
polymer phase in the polymerization reactor, the need for a 
subsequent dynamic vulcanization step and hence the need 
for addition of processing oil is avoided. It is, however, to be 
appreciated that in some cases the polymer blend of the 
invention may be subjected to post-polymerization curing 
and/or vulcanization to produce additional cross-linking of 
the second polymer. 

[0052] As used herein the term “curative” means any of 
the additives conventionally added to polymer blends to 
effect curing of one or more components of the blend during 
a post-polymerization, dynamic vulcanization step. 
Examples of knoWn curatives include sulfur, sulfur donors, 
metal oxides, resin systems, such as phenolic resins, perox 
ide-based systems, hydrosilation With platinum or peroxide 
and the like, both With and Without accelerators and coag 
ents. 

[0053] As used herein the term “bulky monomer” means 
an ole?n monomer that is not a linear C2 to C20 alpha ole?n. 
Bulky monomers include cyclic ole?n monomers, such as 
5-ethylidene-2-norbornadiene, (ENB), 5-vinyl-2-nor 
bomene (VNB) and cyclopentadiene; branched ole?n mono 
mers, such as 3,5,5 trimethyl hexene-l; and macromono 
mers, such as terminally unsaturated oligomers or terminally 
unsaturated polymers. 

[0054] As used herein, the term “terminal unsaturation” is 
de?ned to mean vinyl unsaturation, vinylene unsaturation or 
vinylidene unsaturation, With vinyl unsaturation being pre 
ferred. 

[0055] As used herein, the term “heterogeneous blend” 
means a composition having tWo or more morphological 
phases in the same state. For example a blend of tWo 
polymers Where one polymer forms discrete packets such as 
?nely divided domains dispersed in a matrix of another 
polymer is said to be heterogeneous in the solid state. Also 
a heterogeneous blend is de?ned to include co-continuous 
blends Where the blend components are separately visible, 
but it is unclear Which is the continuous phase and Which is 
the discontinuous phase. Such morphology is determined 
using scanning electron microscopy (SEM) or atomic force 
microscopy (AFM). In the event the SEM and AFM provide 
different data, then the AFM data are used. By continuous 
phase is meant the matrix phase in a heterogeneous blend. 
By discontinuous phase is meant the dispersed phase in a 
heterogeneous blend. 

[0056] In contrast, a “homogeneous blend” is a composi 
tion having substantially one morphological phase in the 
same state. For example a blend of tWo polymers Where one 
polymer is miscible With another polymer is said to be 
homogeneous in the solid state. Such morphology is deter 
mined using scanning electron microscopy. By miscible is 
meant that that the blend of tWo or more polymers exhibits 
single-phase behavior for the glass transition temperature, 
eg the Tg Would exist as a single, sharp transition tem 
perature on a dynamic mechanical thermal analyzer 
(DMTA) trace of tan 6 (i.e., the ratio of the loss modulus to 
the storage modulus) versus temperature. By contrast, tWo 
separate transition temperatures Would be observed for an 
immiscible blend, typically corresponding to the tempera 
tures for each of the individual components of the blend. 
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Thus a polymer blend is miscible When there is one Tg 
indicated on the DMTA trace. A miscible blend is homoge 
neous, While an immiscible blend is heterogeneous. 

[0057] The heterogeneous polymer blend of the invention 
comprises particles of an “at least partially cross-linked 
polymer”. These partially cross-linked polymers are 
believed to be formed by in-situ reaction betWeen the 
polyene and the second polymers. The presence and amount 
of such partially cross-linked polymers in the blend can be 
determined by a multi-step solvent extraction process. In 
this process the direct product of the polymerization process, 
Without undergoing any additional curing steps, is ?rst 
contacted With cyclohexane at 25° C. for 48 hours to 
dissolve the uncured and lightly branched elastomeric com 
ponents of the blend and then the remaining solids are 
re?uxed at the boiling temperature of xylene for 24 hours 
With xylene to isolate the “at least partially cross-linked 
polymer”. The “at least partially cross-linked polymer” is 
also referred to herein as “xylene insolubles”. Details of the 
solvent extraction procedure are given in the Examples. 

[0058] Melting temperature (Tm) and crystallization tem 
perature (To), referred to herein, are measured using Dilfer 
ential Scanning Calorimetry (DSC) according to ASTM E 
794-85. Details of the DSC test are given in the Examples. 
Heat of fusion (AHf) is measured according to ASTM D 
3417-99, and percentage crystallinity is calculated using 
heat of fusion as described beloW. 

[0059] This invention relates to a heterogeneous polymer 
blend comprising a semi-crystalline (at least 30% crystal 
line) thermoplastic ?rst polymer that constitutes the con 
tinuous phase and particles of a second polymer different 
from, and less crystalline than, the ?rst polymer dispersed 
Within the continuous phase. The dispersed particles have an 
average size of less than 10 micron, normally less than 3 
micron, preferably less than 2 microns, more preferably less 
than 1 micron, and most preferably betWeen about 50 
nanometers and about 0.5 microns. 

[0060] The inventive heterogeneous blends are believed to 
contain hybrid polymer. While not Wishing to bound by 
theory, it is believed that some or all of the discrete particles 
of the second polymer are produced by means of an in-situ 
cross-linking chemistry that takes place concurrently With 
the synthesis of the second polymer and conveniently in the 
same polymerization reaction zone. 

[0061] This invention also relates to a process for making 
the above polymer blend. In a reactor, a semi-crystalline 
polymer phase is produced in a ?rst polymerization step. In 
a second polymerization step, the elastomeric phase is 
synthesized, in the presence of the semi-crystalline polymer 
phase. The elastomer phase takes the form of a ?ne particle 
size dispersion in the semi-crystalline phase. The elastomer 
phase is crosslinked through the use of multifunctional 
monomers, particularly a polyene having at least tWo poly 
merizable unsaturated groups, With the degree of crosslink 
ing being controlled by the reaction environment during the 
polymerization. While not Wishing to bound by theory, it is 
believed that reactive intermediates generated in the ?rst 
reactor engage in the polymerization processes taking place 
in the second reactor, producing hybrid polymers (also 
knoWn as branch-block copolymers) that combine the char 
acteristics of the polymers formed in the ?rst and second 
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reactor zones, such as the melting temperature of the ?rst 
polymer and the loWer glass transition temperatures of the 
second polymer. 

[0062] Following the tWo polymerization steps, the prod 
uct composition, direct from the polymerization reactor, can 
undergo a typical polymer ?nishing operation, Where suit 
able additives are incorporated and the polymer is melt 
homogenized. The ?nished product displays easy process 
ability, high elastic recovery, high tensile strength and elon 
gation. Heretofore, such properties Were only possible via 
dynamic vulcanization. 

The First Polymer 

[0063] The matrix of the heterogeneous polymer blend of 
the present invention may be any crystalline or semi 
crystalline thermoplastic polymer or a mixture thereof. Use 
ful thermoplastic polymers have a crystallinity of at least 
30%, more preferably at least 40% as determined by differ 
ential scanning calorimetry (DSC). The ?rst polymer pro 
vides the composition With required tensile strength and 
temperature resistance. Accordingly, semi-crystalline poly 
mers With a melting temperature, as measured by DSC, 
above 100° C., preferably above 120° C., preferably above 
1400 C. are desired. Typically, the ?rst polymer has a 
crystallization temperature (To) betWeen about 20 and about 
120° C., such as betWeen about 70 and about 110° C. 
Polymers With a high glass transition temperature to provide 
the elevated temperature resistance are also acceptable as the 
thermoplastic matrix. 

[0064] Exemplary thermoplastic polymers include the 
family of polyole?n resins, polyesters (such as polyethylene 
terephthalate, polybutylene terephthalate), polyamides (such 
as nylons), polycarbonates, styrene-acrylonitrile copoly 
mers, polystyrene, polystyrene derivatives, polyphenylene 
oxide, polyoxymethylene, and ?uorine-containing thermo 
plastics. The preferred thermoplastic resins are crystallizable 
polyole?ns that are formed by polymerizing C2 to C20 
ole?ns such as, but not limited to, ethylene, propylene and 
C4 to C12 ot-ole?ns, such as 1-butene, 1-hexene, 1-octene, 
2-methyl-1-propene, 3-methyl-1 -pentene, 4-methyl-1-pen 
tene, 5-methyl-1-hexene, and mixtures thereof. Copolymers 
of ethylene and propylene or ethylene or propylene With 
another ot-ole?n, such as butene-1; pentene-1,2-methylpen 
tene-1,3 -methylbutene-1; hexene-1,3 -methylpentene-1,4 
methylp entene- 1 ,3 ,3 -dimethylbutene-1 ; heptene-1 ; hexene 
1; methylhexene-1; dimethylpentene-1 trimethylbutene-l; 
ethylpentene-1; octene-1; methylpentene-1; dimethylhex 
ene-1; trimethylpentene-l; ethylhexene-1; methylethylpen 
tene-1; diethylbutene-1; propylpentane-1; decene-1; meth 
ylnonene-1; nonene-1; dimethyloctene-1; trimethylheptene 
1; ethyloctene-1; methylethylbutene-1; diethylhexene-1 and 
dodecene-1, may also be used. 

[0065] In one embodiment, the thermoplastic polymer 
comprises a propylene homopolymer, a copolymer of pro 
pylene, or a mixture of propylene homopolymers and 
copolymers. Typically, the propylene polymer is predomi 
nately crystalline, i.e., it has a melting point generally 
greater than 110° C., alternatively greater than 115° C., and 
preferably greater than 130° C. The term “crystalline,” as 
used herein, characterizes those polymers that possess high 
degrees of inter- and intra-molecular order in the solid state. 
Heat of fusion, a measure of crystallinity, greater than 60 J/ g, 
alternatively at least 70 J/g, alternatively at least 80 J/g, as 
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determined by DSC analysis, is preferred. The heat of fusion 
is dependent on the composition of the polypropylene. A 
propylene homopolymer Will have a higher heat of fusion 
than a copolymer or blend of a homopolymer and copoly 
mer. 

[0066] Where the thermoplastic polymer matrix is 
polypropylene, the matrix can vary Widely in composition. 
For example, substantially isotactic polypropylene 
homopolymer or propylene copolymer containing 10 Weight 
percent or less of a comonomer can be used (i.e., at least 
90% by Weight propylene). Further, polypropylene segments 
may be part of graft or block copolymers having a sharp 
melting point above 110° C. and alternatively above 115° C. 
and alternatively above 130° C., characteristic of the ste 
reoregular propylene sequences. The continuous phase 
matrix may be a combination of homopolypropylene, and/or 
random, and/or block copolymers as described herein. When 
the matrix is a random copolymer, the percentage of the 
copolymerized alpha-ole?n in the copolymer is, in general, 
up to 9% by Weight, alternatively 0.5% to 8% by Weight, 
alternatively 2% to 6% by Weight. The preferred alpha 
ole?ns contain 2 or from 4 to 12 carbon atoms. One, tWo or 
more alpha-ole?ns can be copolymerized With propylene. 

The Second Polymer 

[0067] The dispersed second polymer phase of the hetero 
geneous polymer blend of the invention is generally an 
elastomeric copolymer and is polymerized and also cross 
linked in the presence of the ?rst polymer. The second 
polymer is generally an amorphous or loW crystallinity 
(having a crystallinity of less than 20%) polymer and in 
particular may include any elastomer or mixture thereof that 
is capable of forming a cross-linked system during the 
polymerization. Some non-limiting examples of these elas 
tomers include ole?n copolymers, butyl rubber, styrene 
butadiene copolymer rubber, butadiene rubber, acrylonitrile 
rubber, halogenated rubber such as brominated and chlori 
nated isobutylene-isoprene copolymer rubber, butadiene 
styrene-vinyl pyridine rubber, urethane rubber, polyisoprene 
rubber, epichlolorohydrin terpolymer rubber, and polychlo 
roprene. The second polymer of the heterogeneous polymer 
blend of the invention can also comprise atactic polymers 
such as atactic polypropylene. The preferred second poly 
mers are elastomeric ole?n copolymers. 

[0068] Suitable elastomeric copolymers for use in the 
present invention are rubbery copolymers produced by 
copolymerizing tWo or more alpha ole?ns With at least one 
polyene, normally a diene. More typically, the elastomeric 
component is a copolymer of ethylene With at least one 
alpha-ole?n monomer, and at least one diene monomer. The 
alpha-ole?ns may include, but are not limited to, C3 to C20 
alpha-ole?ns, such as propylene, butene-1, hexene-1, 4-me 
thyl-1 pentene, octene-1, decene-1, or combinations thereof. 
The preferred alpha-ole?ns are propylene, hexene-1, 
octene-1 or combinations thereof. Thus, for example, the 
second polymer can be an ethylene-propylene-diene (com 
monly called “EPDM”). Typically, the second polymer 
contains at least 15 Wt % of the C3 to C20 ole?n and at least 
0.0001 Wt % of the diene. 

[0069] In one embodiment, the polyene has at least tWo 
unsaturated bonds that can readily be incorporated into 
polymers to form cross-linked polymers. Examples of such 
polyenes include 0t,u)-dienes (such as butadiene, 1,4-penta 
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diene, 1,5-hexadiene, 1,6-heptadiene, 1,7-octadiene, 1,8 
nonadiene, 1,9-decadiene, 1.10-undecadiene, 1,11-dodeca 
diene, 1,12-tridecadiene, and 1,13-tetradecadiene) and 
certain multi-ring alicyclic fused and bridged ring dienes 
(such as tetrahydroindene; norbomdiene; methyl-tetrahy 
droindene; dicyclopentadiene; bicyclo-(2.2.1)-hepta-2,5-di 
ene; and alkenyl-, alkylidene-, cycloalkenyl-, and cylcoalky 
liene norbomenes [including, e.g., 5-methylene-2 
norbornene, 5-ethylidene-2-norbomene, 5-propenyl-2 
norbornene, 5-isopropylidene-2-norbomene, 5-(4 
cyclopentenyl)-2-norbornene, 5-cyclohexylidene-2 
norbornene, and 5-vinyl-2-norbomene]). 
[0070] In further embodiment, the polyene has at least tWo 
unsaturated bonds Wherein one of the unsaturated bonds is 
readily incorporated into a polymer. The second bond may 
partially take part in polymerization to form cross-linked 
polymers but normally provides at least some unsaturated 
bonds in the polymer product suitable for subsequent func 
tionalization (such as With maleic acid or maleic anhydride), 
curing or vulcanization in post polymerization processes. 
Examples of polyenes according to said further embodiment 
include, but are not limited to butadiene, pentadiene, hexa 
diene, heptadiene, octadiene, nonadiene, decadiene, undeca 
diene, dodecadiene, tridecadiene, tetradecadiene, pentadeca 
diene, hexadecadiene, heptadecadiene, octadecadiene, 
nonadecadiene, icosadiene, heneicosadiene, docosadiene, 
tricosadiene, tetracosadiene, pentacosadiene, hexacosadi 
ene, heptacosadiene, octacosadiene, nonacosadiene, triacon 
tadiene, and polybutadienes having a molecular Weight 
(MW) of less than 1000 g/mol. Examples of straight chain 
acyclic dienes include, but are not limited to 1,4-hexadiene 
and 1,6-octadiene. Examples of branched chain acyclic 
dienes include, but are not limited to 5-methyl-1,4-hexadi 
ene, 3,7-dimethyl-1,6-octadiene, and 3,7-dimethyl-1,7-octa 
diene. Examples of single ring alicyclic dienes include, but 
are not limited to 1,4-cyclohexadiene, 1,5-cyclooctadiene, 
and 1,7-cyclododecadiene. Examples of multi-ring alicyclic 
fused and bridged ring dienes include, but are not limited to 
tetrahydroindene; norbornadiene; methyl-tetrahydroindene; 
dicyclopentadiene; bicyclo-(2.2.1)-hepta-2,5-diene; and alk 
enyl-, alkylidene-, cycloalkenyl-, and cylcoalkyliene nor 
bomenes [including, e.g., 5-methylene-2-norbornene, 5-eth 
ylidene-2-norbornene, 5-propenyl-2-norbomene, 
5-isopropylidene-2-norbomene, 5-(4-cyclopentenyl)-2-nor 
bomene, 5-cyclohexylidene-2-norbornene, and 5-vinyl-2 
norbornene]. Examples of cycloalkenyl-substituted alkenes 
include, but are not limited to vinyl cyclohexene, allyl 
cyclohexene, vinyl cyclooctene, 4-vinyl cyclohexene, allyl 
cyclodecene, vinyl cyclododecene, and tetracyclo (A-11, 
12)-5,8-dodecene. 
[0071] According to one aspect of the invention, during 
the second polymerization step to produce the elastomeric 
phase, it is believed that a distribution of cross-products are 
formed emanating principally from the grafting of the ?rst 
thermoplastic polymer to the second elastomeric polymer. 
These hybrid cross-products, also knoWn as branch-block 
copolymers, form When reactive intermediates from the ?rst 
polymerization step cross-over into the second polymeriza 
tion step and participate in the polymerization of the second 
polymer. The presence of branch-block copolymers is 
believed to in?uence the events occurring during the poly 
merization as Well as product properties. The extent of 
in?uence depends on the population distribution of the 
branch-block copolymer fraction. 
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[0072] The amount of second polymer relative to the ?rst 
polymer may vary Widely depending on the nature of the 
polymers and the intended use of the ?nal polymer blend. In 
particular, hoWever, one advantage of the process of the 
invention is the ability to be able to produce a heterogeneous 
polymer blend in Which the discrete particles of the second 
polymer comprise more than 50 Wt %, such as more than 60 
Wt %, for example more than 70 Wt % of the total hetero 
geneous polymer blend. For TPV applications, the Weight 
ratio of the second polymer to the ?rst polymer is generally 
from about 90:10 to about 50:50, more preferably from 
about 80:20 to about 60:40, and most preferably from about 
75:25 to about 65:35. For TPO or impact copolymer appli 
cations, the Weight ratio of the second polymer to the ?rst 
polymer is generally from about 49:51 to about 10:90, more 
preferably from 35:65 to about 15:85. 

Production of the Polymer Blend 

[0073] According to the invention, the polymer composi 
tion is produced by a novel tWo-step process. In the ?rst step, 
a crystalline thermoplastic polymer is produced by polymer 
izing at least one ?rst monomer in one or more polymer 
ization zones. The e?luent from the ?rst step is then fed into 
a second polymerization step Where an elastomer is pro 
duced in the presence of the polymer produced in the ?rst 
step. The elastomer is in-situ cross-linked, at least partially, 
in the second polymerization zone. After removal of the 
polymerization medium, the cross-linked elastomer forms 
?nely dispersed particles embedded Within the crystalline 
thermoplastic matrix. 

[0074] In an alternative embodiment, the ?rst step of 
polymerization is replaced With addition of pre-made crys 
talline thermoplastic polymer. The pre-made polymer can be 
produced in a separate system or can be a commercially 
available product. The crystalline thermoplastic polymer can 
be dissolved in a solvent and then added into a reaction 
medium for the second polymerization step. The crystalline 
thermoplastic polymer can be also ground into ?ne poWder 
and then added into the reaction medium for the second 
polymerization step. 

[0075] Any knoWn polymerization process may be used to 
produce the thermoplastic polymer. For example, the poly 
mer may be a propylene homopolymer obtained by homopo 
lymerization of propylene in a single stage or multiple stage 
reactor. Copolymers may be obtained by copolymerizing 
propylene and an alpha-ole?n having 2 or from 4 to 20 
carbon atoms in a single stage or multiple stage reactor. 
Polymerization methods include high pressure, slurry, gas, 
bulk, suspension, supercritical, or solution phase, or a com 
bination thereof, using a traditional Ziegler-Natta catalyst or 
a single-site, metallocene catalyst system, or combinations 
thereof including bimetallic (i.e, Z/N and/or metallocene) 
catalysts. Preferred catalysts are those capable of polymer 
izing a C2 to C20 ole?n to produce a ?rst polymer having at 
least 30% crystallinity and at least 0.01% terminal unsat 
uration. The catalysts can be in the form of a homogeneous 
solution, supported, or a combination thereof. Polymeriza 
tion may be carried out by a continuous, a semi-continuous 
or batch process and may include use of chain transfer 
agents, scavengers, or other such additives as deemed appli 
cable. By continuous is meant a system that operates (or is 
intended to operate) Without interruption or cessation. For 
example a continuous process to produce a polymer Would 
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be one Where the reactants are continually introduced into 
one or more reactors and polymer product is continually 
WithdraWn. 

[0076] Where the thermoplastic matrix comprises a poly 
ole?n, such as a propylene polymer or copolymer, the 
polyole?n Will generally be produced in the presence of a 
single site catalyst, preferably a metallocene catalyst, With 
an activator and optional scavenger. Preferred metallocene 
catalysts are those capable of polymerizing a C2 to C20 ole?n 
to produce a ?rst polymer having at least 30% crystallinity. 

[0077] Preferred metallocene catalysts useful for produc 
ing the thermoplastic ?rst polymer in the process of the 
invention are not narroWly de?ned but generally it is found 
that the most suitable are those in the generic class of 
bridged, substituted bis(cyclopentadienyl) metallocenes, 
speci?cally bridged, substituted bis(indenyl) metallocenes 
knoWn to produce high molecular Weight, high melting, 
highly isotactic propylene polymers. Particularly suitable 
catalysts are bridged bis-indenyl metallocene catalysts hav 
ing a substituent on one or both of the 2- and 4- positions on 
each indenyl ring or those having a substituent on the 2-, 4-, 
and 7- positions on each indenyl ring. Generally speaking, 
those of the generic class disclosed in Us. Pat. No. 5,770, 
753 (fully incorporated herein by reference) should be 
suitable, hoWever, it has been found that the exact polymer 
obtained is dependent on the metallocene’s speci?c substi 
tution pattern, among other things. A speci?c list of useful 
catalyst compounds is found at WO 2004/026921 page 29 
paragraph [00100] to page 66, line 4. In another embodi 
ment, the catalyst compounds described at WO 2004/ 
026921 page 66, paragraph [00103] to page 70, line 3 may 
also be used in the practice of this invention. 

[0078] Particularly preferred are racemic metallocenes, 
such as rac-dimethylsiladiyl(2-isopropyl,4-phenylindenyl)2 
zirconium dichloride; rac-dimethylsiladiyl(2- isopropyl,4 
[1-naphthyl]indenyl)2 zirconium dichloride; rac-dimethylsi 
ladiyl(2- isopropyl,4-[3,5-dimethylphenyl]indenyl)2 zirco 
nium dichloride; rac-dimethylsiladiyl(2-isopropyl,4-[ortho 
methyl-phenyl]indenyl)2 zirconium dichloride; rac 
dimethylsilyl bis-(2-methyl, 4-phenylindenyl)zirconium 
dichoride, rac dimethylsiladlyl bis-(2-methyl, 4-napthylin 
denyl) zirconium dichloride, rac-dimethyl siladiyl(2-isopro 
pyl, 4-[3,5 di-t-butyl-phenyl]indenyl)2 zirconium dichloride; 
rac-dimethyl siladiyl(2-isopropyl, 4-[orthophenyl-phenyl] 
indenyl)2 zirconium dichloride, rac-diphenylsiladiyl(2-me 
thyl4-[1-naphthyl]indenyl)2 zirconium dichloride and rac 
biphenyl siladiyl(2-isopropyl, 4-[3,5 di-t-butyl-phenyl] 
indenyl)2 zirconium dichloride. Alkylated variants of these 
metallocenes (e.g. di-methyl instead of dichloride) are also 
useful, particularly When combined With a non-coordinating 
anion type activator. These and other metallocene compo 
sitions are described in detail in Us. Pat. Nos. 6,376,407, 
6,376,408, 6,376,409, 6,376,410, 6,376,411, 6,376,412, 
6,376,413, 6,376,627, 6,380,120, 6,380,121, 6,380,122, 
6,380,123, 6,380,124, 6,380,330, 6,380,331, 6,380,334, 
6,399,723 and 6,825,372. 

[0079] The manner of activation of the catalyst used in the 
?rst polymerization step can vary. Alumoxane and prefer 
ably methyl alumoxane (MAO) can be used. Non-or Weakly 
coordinating anion activators (NCA) may be obtained in any 
of the Ways described in EP277004, EP426637. Activation 
generally is believed to involve abstraction of an anionic 
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group such as the methyl group to form a metallocene 
cation, although according to some literature zWitterions 
may be produced. The NCA precursor can be an ion pair of 
a borate or aluminate in Which the precursor cation is 
eliminated upon activation in some manner, eg trityl or 
ammonium derivatives of tetrakis penta?uorophenyl boron 
(See EP277004). The NCA precursor can be a neutral 
compound such as a borane, Which is formed into a cation 
by the abstraction of and incorporation of the anionic group 
abstracted from the metallocene (See EP426638). 

[0080] The alumoxane activator may be utilized in an 
amount to provide a molar aluminum to metallocene ratio of 
from 1:1 to 20,000:1 or more. The non-coordinating com 
patible anion activator may be utilized in an amount to 
provide a molar ratio of metallocene compound to non 
coordinating anion of 10:1 to 1:1. 

[0081] Particularly useful activators include dimethyla 
niliniumtetrakis (penta?uorophenyl) borate and dimethyl 
anilinium tetrakis(hepta?uoro-2-naphthyl) borate. For a 
more detailed description of useful activators please see WO 
2004/026921 page 72, paragraph [00119] to page 81 para 
graph [0015 1 A list of particularly useful activators that can 
be used in the practice of this invention may be found at page 
72, paragraph [00177] to page 74, paragraph [00178] ofWO 
2004/046214. 

[0082] Preferably, the ?rst polymerization step is con 
ducted in a continuous, stirred tank reactor. Tubular reactors 
equipped With the hardware to introduce feeds, catalysts and 
cross-linking agents in staged manner can also be used. 
Generally, polymerization reactors are agitated (stirred) to 
reduce or avoid concentration gradients. Reaction environ 
ments include the case Where the monomer(s) acts as diluent 
or solvent as Well as the case Where a liquid hydrocarbon is 
used as diluent or solvent. Preferred hydrocarbon liquids 
include both aliphatic and aromatic ?uids such as desulphu 
rized light virgin naphtha and alkanes, such as propane, 
isobutane, mixed butanes, hexane, pentane, isopentane, 
cyclohexane, isooctane, and octane. In an alternate embodi 
ment a per?uorocarbon or hydro?uorocarbon is used as the 
solvent or diluent. 

[0083] Suitable conditions for the ?rst polymerization step 
include a temperature from about 50 to about 2500 C., 
preferably from about 50 to about 1500 C., more preferably 
from about 70 to about 1500 C. and a pressure of 0.1 MPa 
or more, preferably 2 MPa or more. The upper pressure limit 
is not critically constrained but is typically 200 MPa or less, 
preferably, 120 MPa or less, except When operating ins 
supercritical phase then the pressure and temperature are 
above the critical point of the reaction media in question 
(typically over 950 C. and 4.6 MPa for propylene polymer 
izations). For more information on running supercritical 
polymerizations, please see WO 2004/026921. Temperature 
control in the reactor is generally obtained by balancing the 
heat of polymerization With reactor cooling via reactor 
jackets or cooling coils, auto refrigeration, pre-chilled feeds, 
vaporization of liquid medium (diluent, monomers or sol 
vent) or combinations of all three. Adiabatic reactors With 
pre-chilled feeds may also be used. 

[0084] In the second polymerization step, some or all of 
the ?rst polymer formed in the ?rst polymerization step are 
contacted With at least one second monomer, typically 
ethylene and a C3 to C20 ole?n, and at least one cross-linking 
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agent, typically a diene, under conditions suf?cient to poly 
merize the second monomer(s) to produce the second poly 
mer and also cross-link said second polymer. As a result of 
the cross-linking that occurs With the second polymerization 
step, the product of the second polymerization step contains 
at least a fraction Which is insoluble in xylene. Preferably, 
the amount of said xylene insoluble fraction by Weight of the 
second polymer, also referred to herein as the degree of 
cross-link of the second polymer, is at least 4%, such as at 
least 10%, such as at least 20%, such as at least 40%, such 
as at least 50%. 

[0085] Any knoWn polymerization process, including 
solution, suspension, slurry, supercritical and gas phase 
polymerization processes, and any knoWn polymerization 
catalyst can be used to produce the second polymer com 
ponent. Generally, the catalyst used to produce the second 
polymer component should be capable of polymerizing 
bulky monomers and also be capable of producing a poly 
mer having an MW of 20,000 or more and a crystallinity of 
less than 20%. 

[0086] In one embodiment, the catalyst employed to pro 
duce the second polymer component is the same as, or is 
compatible With, the catalyst used to produce the thermo 
plastic matrix. In such a case, the ?rst and second polymer 
ization zones can be in a multiple-zone reactor, or separate, 
series-connected reactors, With the entire e?luent from the 
?rst polymerization zone, including any active catalyst, 
being transferred to the second polymerization zone. Addi 
tional catalyst can then be added, as necessary to the second 
polymerization zone. In a particularly preferred embodi 
ment, the process of the invention is conducted in tWo or 
more series-connected, continuous ?oW, stirred tank or 
tubular reactors using metallocene catalysts. 

[0087] In another embodiment, catalyst quenching is 
applied betWeen the tWo polymerization zones and a sepa 
rate catalyst is introduced in the second reaction zone to 
produce the elastomer component. Catalyst quenching 
agents (such as air or an alcohol) may be introduced into the 
e?luent from the ?rst polymerization zone right after the 
reactor exit to deactivate the catalyst used for the ?rst 
polymerization. Scavenger may be useful and can be fed into 
the e?luent doWnstream of the catalyst quenching agent 
injection point or the second polymerization zone. 

[0088] Where a separate catalyst is used to produce the 
elastomeric second polymer, this is conveniently one of, or 
a mixture of, metallocene compounds of either or both of the 
folloWing types: 

[0089] l) Cyclopentadienyl (Cp) complexes Which have 
tWo Cp ring systems for ligands. The Cp ligands form 
a sandWich complex With the metal and can be free to 
rotate (unbridged) or locked into a rigid con?guration 
through a bridging group. The Cp ring ligands can be 
like or unlike, unsubstituted, substituted, or a derivative 
thereof such as a heterocyclic ring system Which may 
be substituted, and the substitutions can be fused to 
form other saturated or unsaturated rings systems such 
as tetrahydroindenyl, indenyl, or ?uorenyl ring sys 
tems. These cyclopentadienyl complexes are repre 
sented by the formula 
(Cp1R1m)R3n(Cp2R2P)MXq 

[0090] Wherein Cpl of ligand (Cpl Rlm)and Cp2 of 
ligand (Cp2 Rzp) are the same or different cyclopenta 
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dienyl rings, R1 and R2 each is, independently, a halo 
gen or a hydrocarbyl, halocarbyl, hydrocarbyl-substi 
tuted organometalloid or halocarbyl-substituted 
organometalloid group containing up to about 20 car 
bon atoms, In is 0, l, 2, 3, 4, or 5, p is 0, l, 2, 3, 4 or 
5, and tWo Rl and/or R2 substituents on adjacent carbon 
atoms of the cyclopentadienyl ring associated there 
With can be joined together to form a ring containing 
from 4 to about 20 carbon atoms, R3 is a bridging 
group, n is the number of atoms in the direct chain 
betWeen the tWo ligands and is 0, l, 2, 3, 4, 5, 6, 7, or 
8, preferably 0, l, 2, or 3, M is a transition metal having 
a valence of 3, 4, 5 or 6, preferably from Group 4, 5, 
or 6 of the Periodic Table of the Elements and is 
preferably in its highest oxidation state, each X is a 
non-cyclopentadienyl ligand and is, independently, a 
halogen or a hydrocarbyl, oxyhydrocarbyl, halocarbyl, 
hydrocarbyl-substituted organometalloid, oxyhydro 
carbyl-substituted organometalloid or halocarbyl-sub 
stituted organometalloid group containing up to about 
20 carbon atoms, q is equal to the valence of M minus 
2. 

[0091] 2) Monocyclopentadienyl complexes Which 
have only one Cp ring system as a ligand. The Cp 
ligand forms a half-sandWich complex With the metal 
and can be free to rotate (unbridged) or locked into a 
rigid con?guration through a bridging group to a het 
eroatom-containing ligand. The Cp ring ligand can be 
unsubstituted, substituted, or a derivative thereof such 
as a heterocyclic ring system Which may be substituted, 
and the substitutions can be fused to form other satu 
rated or unsaturated rings systems such as tetrahydroin 
denyl, indenyl, or ?uorenyl ring systems. The heteroa 
tom containing ligand is bound to both the metal and 
optionally to the Cp ligand through the bridging group. 
The heteroatom itself is an atom With a coordination 
number of three from Group 15 or 16 of the periodic 
table of the elements. These mono-cyclopentadienyl 
complexes are represented by the formula 

[0092] wherein R1 is, each independently, a halogen 
or a hydrocarbyl, halocarbyl, hydrocarbyl-substituted 
organometalloid or halocarbyl-substituted organomet 
alloid group containing up to about 20 carbon atoms, In 
is 0, l, 2, 3, 4 or 5, and tWo Rl substituents on adjacent 
carbon atoms of the cyclopentadienyl ring associated 
thereWith can be joined together to form a ring con 
taining from 4 to about 20 carbon atoms, R3 is a 
bridging group, n is 0, l, 2 or 3, M is a transition metal 
having a valence of from 3, 4, 5, or 6, preferably from 
Group 4, 5, or 6 of the Periodic Table of the Elements 
and is preferably in its highest oxidation state, Y is a 
heteroatom containing group in Which the heteroatom 
is an element With a coordination number of three from 
Group 15 or a coordination number of tWo from Group 
16 preferably nitrogen, phosphorous, oxygen, or sulfur, 
R2 is a radical selected independently from the group 
consisting of C1 to C20 hydrocarbon radicals, substi 
tuted C1 to C20 hydrocarbon radicals, Wherein one or 
more hydrogen atoms is replaced With a halogen atom, 
and When Y is three coordinate and unbridged there 
may be tWo R2 groups on Y each independently a 
radical selected from a group consisting of C1 to C20 
































