
POLYPROPYLENE SOLUTION POLYMERIZATION PROCESS  Cross
Reference Statement This application claims the
benefit of U.S. Provisional Application 601801,182,
filed  5 May 17, 2006. Background of the Invention
Catalyst compositions based on well defined donor
ligand containing metal complexes,  referred to as
post-metallocene complexes have been shown to give
products having narrow 10 molecular weight
distribution and high molecular weights. However,
these catalysts often have  poor high temperature
stability and suffer from poor catalytic efficiencies,
especially at elevated  polymerization temperatures.
When employed to prepare propylene containing
polymers,  especially polypropylene,
propylene/ethylene copolymers, and ethylene/propylene
rubber (EP)  modified polypropylene, the resulting
polymer tacticity, molecular weight and catalyst
efficiency  15 are often deficient. Examples of the
foregoing post metallocene catalysts are disclosed in
USP 6.827,976 and  US2004100 1 0 1 03. where Group 3-6
or Lanthanide metal complexes, preferably Group 4
metal  complexes, of bridged divalent aromatic ligands
containing a divalent Lewis base chelating group  are
disclosed for use in olefin polymerizations. 20 Higher
solution reaction temperatures are particularly
desired for propylene  polymerizations in order to
reduce energy consumption and improve operating
efficiency.  However, the use of higher reaction
temperatures often results in poor conversions, lower
polymer  molecular weight, and reduced polymer
tacticity. Accordingly, selection of catalyst
compositions  capable of formation of isotactic
polypropylene at increased efficiency at elevated
reaction 25 temperatures is highly desired. We have
now discovered that certain metal complexes may be
employed in a highly  efficient solution
polymerization process to prepare propylene polymers,
including propylene  homopoiymers and copolymers of
propylene with one or more comonomers. We have also
discovered that a continuous process can be employed
to prepare the foregoing propylene polymers 30 in
increased yield and efficiency. In particular, the
present inventors have discovered an improved
continuous solution polymerization process for
preparing such polymers that is characterized by  high
polymerization efficiency and productivity. -1 Summarv
of the Invention 



According to the present invention there is now
provided a process for homopolymerization  of
propylene and/or the copolymerization of propylene
with ethylene, and optionally one or more  C4-3Q
a-olefins and/or one or more conjugated or
nonconjugated dienes under continuous, high 5
tetnoerarure, solution polymerization conditions to
prepare a high molecular weight interpoivmer  using a
catalyst composition comprising a Group 4 metal
complex of a polyvalent aryloxyether.  The present
invention is particularly advantageous for use under
continuous solution polymerization conditions wherein
a reaction mixture comprising a metal complex, an
activating  cocataiyst or cocatalyst mixture, and
optionally a chain transfer agent, along with
propylene, 10 optionally ethylene, and further
optionally one or more C4-30 a-olefins and/or
conjugated or  nonconjugated dienes are continuously
added to a reactor operating under solution
polymerization  conditions, and polymer product is
continuously or semi-continuously removed therefrom.
By use  of temperatures sufficiently high to retain
the polymer formed in solution, rather than in the
form of  a slurry of solid particles, improved
efficiency of operation is realized. Moreover, by
operation at a 15 combination of high propylene
monomer conversion and high reactor dissolved polymer
(solids)  content, residual propylene monomer may be
retained in the effluent and recycle streams of the
reactor, avoiding the use of separate monomer recycle
techniques and equipment. For example,  cooling,
condensing and recycling of propylene monomer is
practically eliminated by operation  under the present
high temperature conditions whereby sufficient monomer
solubility in the reaction  20 mixture is achieved. In
one embodiment, the present process comprises
polymerizing propylene, optionally  ethylene, and
further optionally a conjugated or nonconiugated
diolefin using a hafnium complex  under continuous,
solution polymerization conditions at a temperature
from 120 to 250 C,  preferably from 130 to 200 C, more
preferably 140 to 200 C, under high propylene
conversion 25 conditions (>75 percent, preferably >85
percent) to prepare a polymer comprising, in
polymerized  form, from 70 to 100, preferably 80 to
100, more preferably 85 to 98 percent propylene, 30 to
0,  preferably 20 to 0, more preferably 15 to 2
percent ethylene, and 0 to 10, preferably 0 to 8, more
preferably 0 to 7.5 percent a-olefin. In another
embodiment of the invention, propylene/ethylene
copolymers containing from 85  30 to 98 weight percent
propylene and having Mw of 50.000 g/mol or higher are
prepared in a  continuous solution polymerization
process operating at a temperature from 120 to 250 C,
preferably from 130 to 250 C, with a propylene
concentration in .the reactor of 8 percent or less,
and a solids content of the reaction mixture of 15
percent or greater. The present invented process is
particularly advantageous for use under polymerization



35 conditions wherein a reaction mixture comprising
metal complex, activating cocatalyst, propylene,  -2
optionally ethylene, and further optionally a
conjugated or nonconjugated diene is continuously or
intermittently added to a reactor operating under
solution polymerization conditions, optionally in  the
additional presence of a chain transfer agent, and
polymerized product is continuously or semi-
continuously removed therefrom by devolatilization of
the reaction mixture, wherein a majority or  5 the
unreacted propylene in the reaction mixture is
retained in the liquid components after
devolatilization and not separated therefrom prior to
recycle. In a preferred embodiment,  substantially all
of the unreacted propylene monomer of the reaction
mixture is retained in the  liquid components after
devolatilization and not separated therefrom prior to
recycle. The invention is particularly suitable for
production of resins that are used in the preparation
10 of adhesives, films and molded or extruded articles
for packaging, automotive, and consumer  durables
applications. The polymers preferably are elastomers
in which the propylene sequences  possess a relatively
high isotacticity, making the products ideally suited
for higher temperature  applications, especially
adhesives for uses where higher service temperatures
are encountered. 15 Detailed Description of the
Invention All references to the Periodic Table of the
Elements herein shall refer to the Periodic Table  of
the Elements, published and copyrighted by CRC Press,
inc., 2003. Also, any references to a  Group or Groups
shall be to the Group or Groups reflected in this
Periodic Table of the Elements  using the iUPAC system
for numbering groups. Unless stated to the contrary,
implicit from the 20 context, or customary in the art,
all parts and percents are based on weight and all
test methods are  current as of the filing date
hereof. For purposes of United States patent practice,
the contents of  any patent, patent application, or
publication referenced herein are hereby incorporated
by reference  in their entirety (or the equivalent US
version thereof is so incorporated by reference)
especially  with respect to the disclosure of
synthetic techniques, definitions (to the extent not
inconsistent with 25 any definitions provided herein)
and general knowledge in the art. The term
"comprising" and derivatives thereof is not intended
to exclude the presence of  any additional component,
step or procedure, whether or not the same is
disclosed herein. In order  to avoid any doubt, all
compositions claimed herein through use of the term
"comprising" may  include any additional additive,
adjuvant, or compound whether polymeric or otherwise,
unless 30 stated to the contrary. In contrast, the
term, "consisting essentially of excludes from the
scope of  any succeeding recitation any other
component, step or procedure, excepting those that are
not  essential to operability. The term "consisting
of' excludes any component, step or procedure not  



specifically delineated or listed. The term "or",
unless stated otherwise, refers to the listed  members
individually as well as in any combination. -3 As used
herein with respect to a chemical compound, unless
specifically indicated  otherwise, the singular
includes all isomeric forms and vice versa (for
example, "hexane", includes  all isomers of hexane
individually or collectively). The terms "compound"
and "complex" are used  interchangeably herein to
refer to organic-, inorganic- and organometal
compounds. The term. 5 "atom," refers to the smallest
constituent of an element regardless of ionic state,
that is. whether or  not the same bears a charge or
partial charge or is bonded to another atom. The term
"heteroatom"  refers to an atom other than carbon or
hydrogen. Preferred heteroatoms include: F, Cl, Br, N.
0,.P,  B, S. Si, Sb, Al. Sn. As. Se and Ge. The term
"amorphous" refers to a polymer lacking a crystalline
melting point as determined by differential scanning
calorimetry (DSC) or equivalent technique. 10 The
term, "hydrocarby!" refers to univalent substituents
containing only hydrogen and  carbon atoms, including
branched or unbranched, saturated or unsaturated,
cyclic, polycyclic or  noncyclic species. Examples
include alkyl-, cycloalkyl-, alkenyl-, alkadienyl-,
cycloalkenyl-,  cycloalkadienyi-, aryl-, and alkynyl-
groups. "Substituted hydrocarbyl" refers to a
hydrocarbyl  group that is substituted with one or
more nonhvdrocarbvl substituent groups. The terms, 15
"heteroatom containing hvdrocarbyl" or
"heterohydrocarby! " refer to univalent groups in
which at  least one atom other than hydrogen or carbon
is present along with one or more carbon atom and  one
or more hydrogen atoms. The term "heterocarbvi" refers
to groups containing one or more  carbon atoms and one
or more heteroatoms, but no hydrogen atoms. The bond
between the carbon  atom and any heteroatom as well as
the bonds between any two heteroatoms, may be a single
or 20 multiple covalent bond or a coordinating or
other donative bond. Thus, an alkyl group substituted
with a heterocycloalkyl-. aryl- substituted
'neterocycioalkyl-, heteroar_yl-, alkyl- substituted
heteroaryl-, alkoxy-, aryloxy-, dihydrocarbylborvl-,
dihydrocarbyiphosphino-, dihydrocarbylamino-,
trihydrocarbyisiiyl-, hydrocarbylthio-, or
hydrocarbylseleno- group is within the scope of the
term  heteroalkyl. Examples of specific heteroalkyl
groups include cyanornethyl-, benzoyimethyl-, (2 25
pyridyl)methvl-, and trifluoromethyl- groups. As used
herein the term "aromatic" refers to a polvatomic,
cyclic, conjugated ring system  containing (452)
u-electrons, wherein o is an integer greater than or
equal to 1. The term "fused"  as used herein with
respect to a ring system containing two or more
polvatomic, cyclic rings means  that with respect to
at least two rings thereof, at least one pair of
adjacent atoms is included in both 30 rings. The term
"aryl" refers to a monovalent aromatic substituent
which may be a single aromatic  



ring or multiple aromatic rings which are fused
together, linked covalently, or linked to a common
group such as a methylene or ethylene moiety. Examples
of aromatic ring(s) include phenyl.  naphthyl,
anthracenyl, and biphenyl, among others. "Substituted
aryl" refers to an aryl group in which one or more
hydrogen atoms bound to  35 any carbon is replaced by
one or more functional groups such as alkyl,
substituted alkyl, cycloalkyl,  -4 substituted
cycloalicyl. heterocvcloalkyl, substituted
heterocycloalkyl, halogen, alkylhalos (for  example,
CF3), hydroxy, amino, phosphido, alkoxy, amino, thio,
nitro, and both saturated and  unsaturated cyclic
hydrocarbons which are fused to the aromatic ring(s),
linked covalently or linked to a common group such as
a methylene or ethylene moiety. The common linking
group may also  5 be a carbonyl as in benzophenone, or
oxygen as in diphenylether, or nitrogen as in
diphenylarnine.  The term "polymer" as used herein
refers to a macromolecuiar compound prepared by
polymerizing one or more monomers. A polymer refers to
homopolvmers, copolymers,  terpolymers, interpoiymers,
and so on. The term "interpoiymer" is used herein
interchangeably with  the term copolymer to refer to
polymers incorporating in polymerized form at least
two to copolymerizable monomers, or incorporating long
chain branching as a result of chain
termination/olefin formation reactions in situ, and
reincorporation of the in situ formed olefin.
Accordingly, copolymers may result from the
polymerization of a single monomer. under the  correct
operating conditions. The least prevalent monomer or
monomers in the resulting  interpolvmer are generally
referred to by the term "comonomer". The chain length
of the resulting t tong chain branches referred to
above, is consequently longer than the carbon length
resulting from  polymerization of any deliberately
added comonomer, and in particular, is longer than I
carbon for  propylene/ethylene copolymers. The
presence of long chain branching may also be detected
by the  increased shear sensitivity of the polymer, as
disclosed in EP-A-608.369, and elsewhere, or
determined by Melt Index Ratio (MIR), a ratio of
polymer melt viscosities measured under differing  20
loads, especially I21/I2. Differential scanning
calorimetry (DSC) is a common technique that can be
used to  examine the melting and crystallization of
semi-crystalline polymers. General principles of DSC
measurements and applications of DSC to studying
semi-crystalline polymers are described in  standard
texts (for instance, E. A. Turi, ed_. "Thermal
Characterization of Polymeric Materials",  25 Academic
Press, ' i 981). The term "crystallinity" as used
herein refers to means the regularity of the
arrangement of  atoms or molecules forming a crystal
structure. Polymer crystallinity can be examined using
DSC.  



T", means the temperature at which the melting ends
and T,,,,x means the peak melting temperature,  both
as determined by one of ordinary skill in the art from
DSC analysis using data from the final  30 heating
step. One suitable method for DSC analysis uses a
model Q1000TM DSC from TA Instruments, Inc.
Calibration of the DSC is performed in the following
manner. First, a baseline is  obtained by heating the
cell from -90C to 290C without any sample in the
aluminum DSC van.  Then 7 milligrams of a fresh indium
sample is analyzed by heating the sample to 180C.
cooling the  sample to 140C at a cooling rate of
10C/thin followed by keeping the sample isothermally
at 35 140C for 1 minute, followed by heating the
sample from 140C to 180C at a heating rate of  -5
10C/min. The heat of fusion and the onset of melting
of the indium sample are determined and  checked to be
within 0.5C from 156.6C for the onset of melting and
within 0.5 Jig from 28.71 Jig  for the heat. of
fusion. Then deionized water is analyzed by cooling a
small drop of fresh sample in  the DSC pan from 25C to
-30C at a cooling rate of 10Cimin. The sample is kept
isothermally at  5 30C for 2 minutes and heated to 30C
at a heating rate of 10C/min. The onset of melting is
determined and checked to be within 0.5C from 0C.
Sampies of polymer are pressed into a thin film at a
temperature of 190C. About 5 to 8 mg  of sample is
weighed out and placed in a DSC pan. A lid is crimped
on the pan to ensure a closed  atmosphere. The sample
pan is placed in the DSC cell and then heated at a
high rate of about 10 100Cimin to a temperature of
about 30C above the polymer melt temperature. The
sample is kept  at this temperature for about 3
minutes. Then the sample is cooled at a rate of
10C/min to -40C,  and kept isothermally at that
temperature for 3 minutes. Consequently the sample is
heated at a rate  of 10C/min until melting is
complete. The resulting enthalpy curves are analyzed
for peak melt  temperature, onset and peal,
crystallization temperatures, heat of fusion and heat
of crystallization, 15 T, T,,,,,, and any other
quantity of interest from the corresponding
thermograms as described in  USP 6,960,635. The factor
that is used to convert heat of fusion into nominal
weight percent  crystallinity is 165 Jig = 100 weight
percent crystaliinity. With this conversion factor,
the total  crystallinity of a propylene-based
copolymer (units: weight percent crystallinity) is
calculated as the  heat of fusion divided by 165 J/g
and multiplied by 100 percent. 20 "Mer unit" means
that portion of a polymer derived from a single
reactant molecule; for  example, a mer unit from
ethylene has the general formula -CH,CH:z--.
"Polypropylene" or "propylene polymer" means a polymer
having at least half of its mer  units derived from
propylene. These include homopolymers of propylene as
well as copolymers of  propylene with one or more
monomers copolymerizable therewith such as ethylene,
1-butene, 1 



25 pentene, I -hexene, 1-octene, one or more
conjugated or non-conjugated dienes, and combinations
thereof. "Isotactic polymer" refers to polymers of C3
or higher a-olefins having a regular pattern in  the
stereochemical arrangement of side groups, in which
all side chains are on the same side of the  polymer
backbone. The structure may be described based on 13C
NMR analysis using Bovev's 30 NMR nomenclature for an
isotactic pentad, by mmmm, with each "m" representing
a "meso" dyad  or successive alkyl groups on the same
side of the polymer plane. Inversions due to monomer
insertion in non-isotactic manner or other defects in
the structure of the chain lowers the degree of
isotacticity as well as the crystallinity of the
polymer. Preferred isotactic polymers have a chain
isotacticity pentad index of at least about 80 mol
percent, preferably greater than 95 mol percent. 35
Isotactic polypropylene additionally desirably is
characterized by a n-heptane soluble content of less
-6 than L5 percent by weight, and a density of about
0.902 grams/cm3 measured according to ASTM  D1 505-96
("Density of Plastics by the Density-Gradient
Technique"). The term "crystalline" is used herein to
mean a polymer having a crystalline melting point  as
determined by DSC analysis. 5 Polymerization
conditions generally refer to temperature, pressure,
monomer content  (including comonomer concentration),
catalyst concentration, cocatalyst concentration,
monomer  conversion, polymer (or solids) content of
the reaction mixture or other conditions that
influence  the properties of the resulting polymer. By
operation according to the prescribed polymerization
conditions of the invention, high molecular weight
polymers may be prepared with high catalyst 10
activities, low cocatalyst usage, high monomer
conversion, and high reactor solids content. In
particular, activities (based on weight of polymer to
weight of transition metal) greater than 0.5  g4tg,
preferably greater than 0.55 g/g" and even greater
than 0.6 g/l.tg are possible. Embodiments of the
invention provide a new solution process for making
propylene  homopolymers and ethylene/propylene rubber
modified propylene interpolymers using a catalyst  15
composition comprising a transition metal complex as
previously disclosed at high temperature, high
catalyst efficiency and high propylene monomer
conversion. Highiv desirably, the produced  polymers
are of high molecular weight (MI < 10.0, preferably
<5.0). Such polymers are suitably  employed where
improved high temperature performance is desired, such
as in molding and  extrusion grades of polypropylene
especially for use as extruded films and profiles or
for the 20 manufacture of molded parts. Polymer
weight-average molecular weight (MW) is measured by
gel permeation  



chromatography, one technique of which as described in
USP 5,272.236. Alternatively, melt index,  I2, Iio or
121, measured, for example, according to ASTM D-1238
may be employed as an indication  of molecular weight.
Generally, melt index is inversely related to the
molecular weight of the 25 polymer. The higher the
molecular weight, the lower the melt index, although
the relationship is  not necessarily linear. Finally,
Mooney viscosity (ML 1+4 @ 1.00C.) may be used as a
measure of  molecular weight. Preferred polymers are
those having a Mooney viscosity in the range from 10
to  135, more preferably from 25 to 100, and most
preferably from 30 to 80. Monomer conversion is
typically measured by GC or IR spectroscopic analysis
of the reaction Mixture exiting the reactor 30 using a
probe inserted into the reactor or into an effluent
stream from the reactor.  Surprisingly, the present
metal complexes are capable of producing polymers from
propylene or propylene containing monomer mixtures
having extremely high molecular weight and
isotacticity, at catalyst efficiencies of greater than
0.5 gpo;y,,," gg111thereby allowing the use of a
chain transfer agent to control molecular weight
without sacrificing molecular weight distribution. 35
A sufficient quantity of chain transfer agent is
preferably used so that a substantial decrease in  -7
molecular weight (>30 percent) occurs compared to a
comparative polymerization without the use  of chain
transfer agent. When the chain transfer agent is
hydrogen, at least 0.01 mol percent (based  on
propylene) is used, and a maximum of about 2 mol
percent is used. Especially surprising is the  fact
that highly isotaetic polymers can be prepared with
high levels of chain transfer agent. while 5 still
affording narrow molecular weight distribution
polymers and using low levels of alumoxane
activators. Generally, use of high levels of chain
transfer agent with conventional catalysts results  in
production of polymers having broadened molecular
weight distributions. The metal complexes are
activated in various ways to yield catalyst compounds
having a  vacant coordination site that will
coordinate, insert, and polymerize addition
noiymerizabie lC monomers, especially olefin(s). For
the purposes of this patent specification and appended
claims,  the term 'activator" or "cocataiyst" is
defined to be any compound or component or method
which  can activate the metal complex in the foregoing
manner. Non-limiting examples of suitable  activators
include Lewis acids, non-coordinating ionic
activators, ionizing activators. organometal
compounds, and combinations of the foregoing
substances capable of converting the neutral metal  t=
complex to a catalytically active species. It is
believed, without desiring to be bound by such belief,
that in one embodiment of the  invention, caraiyst
activation may involve formation of a cationic,
partially cationic, or zwitterionic  species, by means
of proton transfer. oxidation. or other suitable
activation process. It is to be  



understood that the present invention is operable and
fully enabled regardless of whether or not 20 such an
identifiable cationic, partially cationic, or
zwitterionic species actually results during the
activation process, also interchangeably referred to
herein as an "ionization" process or "ionic
activation process". ionizing cocatalysts may contain
an active proton, or some other cation associated
with, but  not coordinated to or only loosely
coordinated to, an anion of the ionizing compound.
Such 25 compounds are described in European
publications EP-A-570982, EP-A-520732, EP-A-495375,
EP- A-500944, EP-A-277 003 and EP-A-277004, and U.S.
Patents: 5, 153,157, 5,198,401, 5.066.74 1..
5.206,197, 5:241.025, 5.384.299 and 5.502324.
Preferred among the foregoing activators are  ammonium
cation containing salts. especially those containing
rrihvdrocarby'- substituted  ammonium cations
containing one or two Cl alkyl groups, especially
methylbis(octadecvl) 30 ammonium- and
methylbis(tetradecyl)-ammonium- cations and a
non-coordinating anion, especially  a tetra
kis(perfiuoro:tarylborate anion, especially
tetrakis(pentafiuorophenyl)borate. It is further
understood that the cation may comprise a mixture of
hydrocarbyl groups of differing lengths. For  example,
the protonated ammonium cation derived from the
commercially available iong-chair.;  amine comprising
a mixture of two C14, C,E or C1 alkyl groups and one
methyl group. Such amines 35 are available from
Chemtura Corp., under the trade name KemamineTM T9701,
and from Akzo- -8 Nobel under the trade name ArmeenTM
M2HT. A most preferred ammonium salt activator is
methyldi(C14.20alkyl)ammonium
tetrakis(pentafluorophenyl)borate. Activation methods
using ionizing ionic compounds not containing an
active proton but  capable of forming active catalyst
compositions, such as ferrocenium salts of the
foregoing non 5 coordinating anions are also
contemplated for use herein, and art-, described in
EP-A-426637, EP-A- 573403 and U.S. Patent 5,387,568.
Also included is the use of strong Lewis acids.
especially  tris(perfiuoro)arvl borane compounds, such
as tris(pentafluorophenyl)borane, which are capable of
abstraction of a ligand groups, especially a
hydrocarbyl figand, thereby forming a non-coordinating
counter anion for the cationic derivative of the metal
complex. 10 A class of cocatalysts comprising
non-coordinating anions generically referred to as
expanded anions, further disclosed in U. S. Patent
6,395,671, may be suitably employed to activate  the
metal complexes of the present invention for olefin
polymerization. Generally, these cocatalysts
(illustrated by those having imidazolide,.substituted
imidazofide, imidazoiinide. substituted
irnidazolinide, benzimidazolide, or substituted
benzimidazofide anions) may be depicted as follows:
R4 R4 R4  



Ij *j O A*+ J.._ N,_. N_ J.*' 1 A J (~I ~% J*. /~ or
R 4 R4 (R(Ra)2 IS R4 R4  wherein: A*+ is a cation,
especially a proton containing cation, and preferably
is a trihvdrocarbyl  ammonium cation containing one or
two C1()-4o alkyl groups, especially a methvldi(C1-
20alkyl)ammonium- cation, 20 R4, independently each
occurrence, is hydrogen or a halo, hvdrocarbvl.
halocarbvl.  hafohvdrocarbyl, silvlhydrocarbyl, or
silyl, (including mono-, di- and
tri(hvdrocarbyl)silvl) group of  up to 30 atoms not
counting hydrogen, preferably C1.20 alkyl, and J*' is
tris(pentafluorophenyl)borane or
tris(pentafluorophenyl)alumane). Examples of these
catalyst activators include trihydrocarbvfammonjturn-
salts, especially,  25 methyldi(C1zoalkyl)ammonium-
salts of: bi s(tris(pentafluorophenvl)borane)i midazol
i de,  bis(tris(pentafluorophenyl)borane)-2-undecyf
imidazof ide,
bis(tris(pentafiuorophenyl)borane)-2-heptadecylimidazo
fide, bis(tris(pentafluorophenyl)borane)-
4,5-bis(undecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)
imidazolide, -9 b i s(tris(pentafl uorophenyl)borane)i
midazolinide,
bis(tris(pentafluorophenvl)borane)-2-undec_yiimidazoii
nide, bis(tris(pentafluorophenyl)borane)-2-
heptadecylimidazolinide,
bis(tris(P%ntafluorophenyl)borane)-4.5-bis(undecyl)imi
dazolinide,  bis(tris(pentafluoroohenvl)borane
-4.5-bis(heptadecyl)imidazolinide, 5
bis(tris(pentafluorophenvl)borane)-5,6-dimethylbenzimi
dazolide,  bis(Iris(pentafluorophenyl)borane)-5,6-b
is(undecyl)benzi midazolide,  bi
s(tris(pentafiuorophenvl )alumane)i midazoi ide,
bis(u-is(pentafluorophenyl)alumane)-2-undecviimidazoli
de, bis(tris(pentafluorophenyl)alumane)-2-
heptadecylimidazolide,
bis(tris(pentafluorophenyl)alumane)-4.5-bis(undecyl)im
idazolide, 10
bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl
)imidazoiide,
bis(tris(pentafluorophenyl)aiumane)imidazolinide,
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazoli
nide, bis(tris(pentafluorophenyl)alumanej-
2-heptadecyiimidazolinide,
bis(tris(pentafiuorophenyl)alumane)-4.5-bis(unciecyl)i
midazoiinide,  bis(tri
s(pentafluorophenyl)aiumane)-4.5-bis(heptadecyl)imidaz
olinide, 



15
bis(tris(pentafiuorophenyl)alumane)-5,6-dimethylbenzim
idazoiide, and
bis(tris(pentafluorophenyl)aiumane)-5.6-bis(undecyl)be
nzi midazolide. Other activators include those
described in PCT publication WO 98/07515 such as tris
(2,  2"-nonafluorobiphenyl) fluoroaluminate.
Combinations of activators are also contemplated by
the invention, for example, alumoxanes and ionizing
activators in combinations, see for example, 20 EP-A-0
573120, PCT publications WO 94/07928 and WO 95/14044
and US Patents 5.153,157 and  5,453,410. WO 98/09996
describes activating catalyst compounds with
perchlorates, periodates  and iodates, including their
hydrates. WO 99/18135 describes the use of
organoboroaluminum  activators. EP-A-781299 describes
using a siiylium salt in combination with a
non-coordinating  compatible anion. Other activators
or methods for activating a catalyst compound are
described in 25 for example, U. S. Patents 5.849,852,
5,859, 653, 5,869.723, EP-A-615981, and PCT
publication  WO 98/3277. Another suitable class of
organometal activators or cocataiysts are alumoxanes.
also  referred to as alkylaiuminoxanes. Alumoxanes are
well known activators for use with metallocene  type
catalyst compounds to prepare addition polymerization
catalysts. There are a variety of 30 methods for
preparing alumoxanes and modified alumoxanes,
non-limiting examples of which are  described in U.S.
Patents 4,665,208. 4,952,540, 5,091.352, 5,206,199,
5,204,419, 4,874.734, 4,924,  018, 4.908,463,
4,968,827, 5,308,815, 5,329,032, 5,2487801, 5,235,08
1, 5, 157,137, 5,103,031,  5.391,793, 5,391,529,
5,693,838. 5,731,253, 5,731,4515,744,656; European
publications EP-A- 561476, EP-A-279586 and EP-A-59421
8; and PCT publication WO 94/10180. Preferred 35
alumoxanes are Lewis acid modified alumoxanes,
especially tri(C3-6)alkylaluminum modified  -10
methylalumoxane, including tri(isobutyl)aiuminum
modified methalumoxane, available  commercially as
MMAO-3A or tri(n-octyl)aluminum modified
methalumoxane, available  commercially as MMAO-12,
from Akzo Nobel, Inc. It is within the scope of this
invention to use aiumoxane(s) or modified alumoxane(s)
as an  5 activator or as a tertiary component in the
invented process. That is, the compound may be used
alone or in combination with other activators, either
neutral or ionic, such as tri(alkyl)ammonium
tetrakis(pentafluorophenyl)borate compounds,
trisperf'iuoroaryl compounds, polyhalogenated
heteroborane anions as disclosed in WO 98/43983, and
combinations thereof. When used as a  tertiary
component, the amount of alumoxane employed is
generally less than that necessary to 10 effectively
activate the metal complex when employed alone. In
this embodiment, it is believed,  without wishing to
be bound by such belief, that the alumoxane does not
contribute significantly to  



actual catalyst activation. Not withstanding the
foregoing, it is to be understood that some
participation of the alumoxane in the activation
process is not necessarily excluded. Suitable
alumoxanes include polymeric or oligorneric
alumoxanes, especially  15 methylaiumoxane (MAO) as
well as Lewis acid- modified alumoxanes, especially
trihydrocarbyIaluminurn-, halogenated tri(hydrocarbyl
)aluminum- or halogenated  tri(hydrocarbyl)boron-
modified alumoxanes, having from I to 10 carbons in
each hydrocarbyl or halogenated hydrocarbyl group.
Such activating cocatalysts are previously disclosed
in USP's  6,214,760, 6,160,146, 6.140,521, and
6,696.379, and elsewhere. Preferred Lewis acid-
modified  20 . alumoxane compounds are
tri(i-butyl)aluminurr- modified methalumoxane and
tritn octyl)aluminun,- modified methalumoxane
containing from 10 to 30, preferably 15 to 2-5 mole
percent i-butyl content and 10 to 20, preferably 12 to
18 mole percent n-octyl contents, respectively,  said
molar percents based on total alkyl iigand content.
The alumoxane or Lewis acid- modified  alumoxane
activator is preferably utilized in molar ratios
cocatalyst:cataiyst from 20-200, more 25 preferably
from 20-150, and most nreferabiy from 20-80. Because
of the ability to be activated at relatively low
levels of alumoxane or Lewis acid  modified alumoxane
cocatalysts while maintaining high catalyst
efficiency, the present zirconium  complexes can
achieve reduced levels of cocatalyst byproducts in the
resulting polymer along with  long chain branch
formation in the resulting polymer. This in turn
allows the polymers to be 30 employed in demanding
applications such as those requiring high clarity or
low dielectric constant.  In a preferred embodiment,
the present process comprises polymerizing propylene,
optionally ethylene, and further optionally a
conjugated or nonconiugated diolefin using a group 4
metal complex and from 10 to 200 moles per mole of
group 4 metal of an alumoxane, under  continuous,
solution polymerization 120 to 25w0 C bpolymerization
conditions at a temperature rruti~ 120 to .- ~, 'rer
tenwy 35 from 130 to 250 C, under high propylene
conversion conditions (>85 percent, preferably >90
-11 percent) to prepare a polymer comprising, in
polymerized form, from 70 to 100, preferably 80 to
100 percent propylene, 30 to 0, preferably 20 to 0
percent ethylene, and 0 to 10, preferably 0 to 8,
more preferably 0 to 7.5 percent diene. In general,
monomer conversion may be determined by measurement of
the reactor contents  5 or of a representative stream
of effluent exiting the reactor. Suitable methods for
determining  monomer concentration include infrared
spectroscopy using a probe immersed in the reactor
contents or a suitable sample thereof. One suitable
technique uses Fourier Transform Near Infrared
spectroscopy (FINIW). Solids content of the reactor is
calculated based on polymer (solids)  



produced or it may also be measured directly by use of
viscosity or density measurements of the 10 reactor
contents. Multiple reactor polymerization processes
may be suitably employed in the present  invention.
Examples include such systems as are disclosed in USP
3,914.342, among others. The  multiple reactors can be
operated in series or in parallel, with at least one
catalyst composition  according to the present
invention employed in at least one of the reactors.
One or both reactors 15 may also contain at least two
catalysts which have different comonorner
incorporation capability  andior different molecular
weight formation capability. in one embodiment, a
relatively high  molecular weight product (M,,. from
100,000 to over 1,000,000, more preferably 200,000 to
500.000) is formed while in the second reactor a
product of a relatively low molecular weight (Mw,
2,000 to 300,000) is formed. Both of these reactor
products can have similar or different densities  20
andior elastomer content. The final product is a
mixture of the two reactor effluents which are
combined prior to devolatilization to'result in a
uniform mixing of the two or more polymer  products.
In another embodiment, one reactor may be used to
prepare a high molecular weight  propylene homopolymer
while the second reactor is employed to prepare a
copolymer of propylene  and ethylene or an
interpolymer of propylene, ethylene, and one or more
dienes. Such a dual 25 reactor process allows for the
preparation of impact modified products or products
with tailored  properties. In one embodiment, the
reactors are connected in series, that is, the
effluent from the  first reactor is charged to the
second reactor and fresh monomer, solvent and/or
hydrogen is  optionally added to the second reactor.
Reactor conditions are adjusted such that the weight
ratio of  polymer produced in the first reactor to
that produced in the second reactor is ideally in the
range 30 from 5:95 to 95:5. It will be appreciated by
the skilled artisan that the foregoing dual reactor
process is capable of producing polymers having
broadened molecular weight distribution or
polvdispersity index (PDI). Preferred polymers made in
the foregoing manner have PDI from 2.8 to  10.0, more
preferably from 3.0 to 7.0. In a further embodiment,
one of the reactors in the polymerization process,
including the  35 first of two reactors operating in
series, contains a heterogeneous Ziegler-Natta
catalyst or a -12 chromium containing catalyst, such
as one of the numerous such catalysts known in the
art.  Examples of Ziegler-Natta catalysts include, but
are not limited to, titanium-based catalysts
supported on MgCI2, and additionally comprise
compounds of aluminum containing at least one
aluminum-alkyl bond. Suitable Ziegler-Natta catalysts
and their preparation include. but are not 5 limited
to, those disclosed in USP's 4,612,300, 4,330,646, and
5,869,575. Suitable chromium based  



catalysts are those disclosed in USP's 4,981,927,
4,835,219, 4.564,660, 4,173,548, 3,953,413. and
elsewhere. Single reactor, multiple catalyst processes
are also useful in the present invention. In one
embodiment, two or more catalysts are introduced into
a single reactor at the high monomer 10 conversion
conditions that are herein disclosed, wherein each
catalyst inherently produces different  polymer
products. In one embodiment, a relatively high
molecular weight product (MW from  100,000 to over
1.000,000, more preferably 200.000 to 500,000) is
formed from one catalyst while  a product of a
relatively low molecular weight (Mw 2,000 to 300.000)
is formed from the other  catalyst. Both of these
catalyst compositions can have similar or different
polymer formation 15 ability, at least one of which
comprises a metal complex as set forth herein. The
resulting polymer  will have properties dependant on
the ratio of the two catalysts that are employed in
the single  reactor. Suitable combinations of polymer
molecular weight, comonorner incorporation ability,
processes, and ratios of catalysts for such products
are disclosed in USP 6,924.342. Due to the  unique
compatibility of the present catalyst compositions
with other olefin polymerization catalysts, 20
including Ziegier/Natta catalysts, the second catalyst
composition may comprise a metal complex as  herein
disclosed, a metaliocene or other ;t-bonded ligand
group containing metal complex  (including constrained
geometry metal complexes), or a poivvalent heteroatorn
ligand group  containing metal complex, especially
poivvalent pyridvlamine or imidizoivlamine based
complexes  and tetradendate oxygen-ligated
biphenylphenol based Group 4 metal complexes. 25 METAL
COMPLEXES Suitable metal complexes for use according
to the present invention include compounds
corresponding to the formula: RD R D  O-Hf-O  R2Q / ~\
R2o O O  T` where:  30 R20 independently each
occurrence is a divalent aromatic or inertly
substituted aromatic  group containing from 5 to 20
atoms not counting hydrogen; -13 Z` is a divalent
hydrocarbon or silane group having from 3 to 20 atoms
not counting  



hydrogen, or an inertly substituted derivative
thereof; and R independently each occurrence is a
monovalent ligand group of from I to 20 atoms, not
counting hydrogen. or two R groups together area
divalent ligand group of from I to 20 atoms, not  5
counting hydrogen. Preferably, such complexes
correspond to the formula:  RD RD 1  0- Hf 4 0\  A-`/
\ AT'  0 0 wherein:  Ar2 independently each occurrence
is an arylene or an alkyl-, aryl-, alkoxy- or amino-
substituted arylene group of from 6 to 20 atoms not
counting hydrogen or any atoms of any  10 substituent;
T3 is a divalent hydrocarbon bridging group of from 3
to 20 atoms not counting hydrogen,  preferably a
divalent substituted or unsubstituted C3-6 aliphatic,
cycioaiiphatic, or bis(alkylene)- substituted
cycioaliphatic group having at least 3 carbon atoms
separating oxygen atoms; and R independently each
occurrence is a monovalent ligand group of from I to
20 atoms, nor  i5 counting hydrogen, or two R groups
together are a divalent ligand group of from I to 40
atoms, not  counting hydrogen. More preferred examples
of metal complexes suitable for use herein include
compounds of  the formula: Ref Ai ' RD RD Ar4 R21 R21
0 jf ~- O R21  O O R21 R21  21 R21  R21-\~ R21R R21
R21 R21 R21 where  



20 Ar independently each occurrence is C6.20 aryl or
inertly substituted derivatives thereof.  especially
3,5-di(isopropyl)phenyl, 3,5-di(isobutyl)phenyl,
dibenzo-1H-pyrrole-1-yl, naphthyl,  anthracen-5-yl,
1,2,3,4,6,7,8,9-octahydroanthracen-5-yl; -14 T4
independently each occurrence is a propylene-I.3-divi
group, a bis(alkylene)cyciohexan- 1,2-diyi group, or
an inertly substituted derivative thereof substituted
with from 1 to 5 alkyl, aryl or  aralkyl substituents
having up to 20 carbons each; R-' independently each
occurrence is hydrogen, halo, hydrocarbyl,
trihydrocarbvlsiiyl,  5
trihydrocarbvlsilylhydrocarbyl, alkoxy or amino of up
to 50 atoms not counting hydrogen; and R,
independently each occurrence is halo or a hydrocarbyl
or trihydrocarbyisilvl group of  up to 20 atoms not
counting hydrogen, or 2 R groups together are a
divalent hydrocarbylene,  hydrocarbadiyl or
trihvdrocarbylsiivl group of up to 40 atoms not
counting hydrogen. Especially preferred metal
complexes are compounds of the formula:  R D RD Ara Hf
R2 ~~-0 R2;  R21 R21 R21 821, l0 where, Ar`.
independently each occurrence, is
3,S-di(isopropyl)phenyl. 3,5- di(isobutyl)phenvl,
dibenzo-iH-pyrrole-l-yl, or anthracen-5-yl. R2
independently each occurrence is hydrogen, halo,
hydrocarbyl, trihydrocarbvlsilyl,
trihydrocarbvisiiylhydrocarbyl. alkoxy or amino of up
to 50 atoms not counting hydrogen; 15 T4 is
propan-l,3-diyl or bis(methylene)cyclohexan-l,2-diyl;
and RD, independently each occurrence is halo or a
hydrocarbyl or trihydrocarbyisil_yl group of  up to 20
atoms not counting hydrogen, or 2 R groups together
are a hydrocarbylene,  hydrocarbadivl or
hydrocarbvisilanediyi group of up to 40 atoms not
counting hydrogen. Most highly preferred metal
complexes according to the invention correspond to the
20 formulas: -15 f  a- I PI- ~ I RD RD FD -D \/-\ CFIz



C) 0 (CH2)' - 1~  I I  r n PD pD D  R RD v CH-3 0- HC-
a' o o (C H 2) (CH2)4  n n\ R D R D pD PD  D D R\ P, /
\. PD RD  CH- CH,~ or wherein. RD independently each
occurrence is chioro, methyl or benzvl.  Specific
examples of suitable metal complexes are the following
compounds: 5 A)
bis((2-oxovl-3-(t,'-,3,4,6,7,8,9-octahvdroanthracen-5-
yl)-5-(methvl)phenvi)-2-phenoxy)-1.3-
prooanediylhafnium (IV) dimethyl, bi
s((2-oxoyl-3-(1,2,3,4.6,7,8,9-octahvdroanthracen-5-vl)
-5-(methyl)phenyl)-2-phenoxy)-1,3- propanedivlhafnium
(IV) dichloride, bi
s((2-oxoyi-3-(I,2.3,4,6,7,8.9-octahydroanthracen-5-y1)
-5-(methyl)phenyl)-2-phenoxy)- 10 propanediylhafnium
(IV) dibenzyl, bis((2-oxoyl-3-(dibenzo-1 H-pyrrole-
1-yl)-5-(methyl)phenyl)-2-phenoxy)-1,3-propanediylnafn
ium  -16 (IV) dimethyi, bis((2-oxoyl-3-(dibenzo- I
H-pyrrole- !
-yI)-5-(methyl)phenyl)-2-phenoxy)-1.3-propanedi
ylhafnium  (IV) dichloride, bis((2-oxov' 3-(dibenzo- I
H-pvrrole- I
-yI)-5-(methyl)phenyl)-2-phenoxy)-1.3-propanedi
ylhafnium  5 (N) dibenzyl, B)
bis((2-oxoyi-3-(I,2,3,4,6,7,8,9-octahvdroanthracen-5-y
l)-5-(methyl)phenyl)-2-phenoxymethyl)-
1,4-butanedivlhafniurn (IV) dimethyi, 



bis((2-oxoyl-3-(1;
2,3,4,6,7,8,9-octahydroanthracen-5-yl)-5-(methyl)phenv
i) 2-phenoxymethvl)-1,4- 10 butanediylhafnium (IV)
dichloride,
bis((2-oxoyl-3-(1,2,3,4,6,7,8.9-octahydroanthracen-5-y
l)-5-(methyl)phenyl)-2-phenoxymethvl)-1.4-
butanediylhafnium (IV) dibenzyl,
bis((2-oxov]-3-(dibenzo-I H-pyrrole- I
-vl)-5-(methvl)phenyl)-2-phenoxymethyl)-1,4-
butanediylhafnium (N) dimethyl, ' 15
bis((2-oxoyl-3-(dibenzo-1H-pyrroie-I-yi)-5-(methy])phe
nyl)-2-phenoxymethyl)-1,4- butanediylhafnium (N)
dichloride,
bis((2-oxoyl-3-(dibenzo-IH-pyrrole-I-vl)-5-(methyl)phe
nvl)-2-phenoxymethyl)-1 4- butanediylhafnium (IV)
dibenzyl, 20 C)
bis((2-oxoyl-3-(1,2,3,4.6,7,8,9-octahydroanthracen-5-y
1)-5-(methyl)phenyl)-2-phenoxy)-2,4-
pentanedivlhafnium (IV) dimethv~,
bis((2-oxov]-3-(1,2.3,4.6,7,8.9-octahvdroanthracen-5-v
l)-5-(methyi)phenvl)-2-phenoxy)-2,4-
pentanedivlhafnium (TV) dichloride,
bis((2-oxovl-3-(1,2,3,4,6,7,8,9-octahvdroanthracen-5-y
l)-5-(methyl)phenyl)-2-phenoxy)-2,4- 25
pentanedivlhafnium (IV) dibenzyl,
bis((2-oxov]-3-(dibenzo-l.H-pyrroie- t
-yl)-5-(methyl)phenyl)-2-phenoxy)-2,4-pentanedivlhafni
um  (N) dimethyl, bis((2-oxov)-3-(dibenzc-II-pyrroie-I
-vl)-5-(methyl)phenyl)-2-phenoxy)-2.4-pentanedivlhafni
um  (IV) dichloride, 30
bis((2-oxoyl-3-(dibenzo-1H-pyrroie-l-yl)-5-(methyl)phe
nyl)-2-phenoxy)-2,4-pentanedivlhafnium  (IV) dibenzyl,
D) bis((2-oxoyi
3-(1,2,3,4,6,7.8,9-octahvdroanthracen-5-yl)-5-(methvl)
phenyl)-2-phenoxymethvl)- methylenetrans-
I,2-cvclohexanedivlhafnium (IV) dimethyl, 35
bis((2-oxoyl-3-(1,2,3,4,6,7,8,9-octahvdroanthracen-5-y
l)-5-(methyl)phenyl)-2-phenoxymethyl)- -17
methylenetrans-I,2-cyclohexanedivlhafnium (IV)
dichloride, bis((2-oxoyl
3-(1,2,3,4,6,7,8,9-octahydroanthracen-5-yl)-5-(methyl)
phenyl)-2-phenoxvmethvl)-
methylenetrans-1,2-cyclohexanedivlhafnium (IV)
dibenzyl, bis((2-oxoy 1-3-(dibenzo- I
H-pvrrole-l-yl)-5-(methvl)phenyl)-2-phenoxymethyl)-met
hylenetrans-l .2- 5 cyclohexanedivlhafnium (IV)
dimethyl,
bis((2-oxoyl-3-(dibenzo-IH-pyrrole-l-vl)-5-(methyl)phe
nyl)-2-phenoxymethyl)-methylenetrans- 12-
cyclohexanediylhafnium (IV) dichloride, and 



bis((2-oxovl- D,-(dibenzo-l.H-pyrrole-I
-vi)-5-(methvl)phenyl)-2-phenoxymethyl
)-methylenetrans-1.2- cyclohexanediylhafnium (IV)
dibenzyl. ' 10 The foregoing metal compiexes may be
conveniently prepared by standard metallation and
ligand exchange procedures involving a source of the
transition metal and a neutral poivfunctional  ligand
source. The techniques employed are the same as or
analogous to those disclosed in USP  6,827,976 and
US200410010103, and elsewhere. The metal complex is
activated to form the active catalyst composition by
combination with  t5 the cocatalvst. The activation
may occur prior to addition of the catalyst
composition to the reactor  with or without the
presence of other components of the reaction mixture,
or in siru through  separate addition of the metal
complex and activating cocatalyst to the reactor.
MONOMERS  20 Suitable olefin mixtures for use herein
include mixtures of ethylene, one or more C3_30 CE-
olefins and one or more conjugated or nonconjugated
dienes. Suitable a-olefin comonomers  include, but are
not limited to, propylene, isobutylene. I -butene.
I.-pentene, I -hexene, I -heptene, I- octene,
I-nonene, I-decene. and I-dodecene, 1-tetradecene,
1-hexadecene, I-octadecene, I- eicosene,
3-methyl-l-butene, 3-methyl-l-pentene,
4-methyl-I-pentene, 4,6-dimethyl-I-heptene, and  25
vinvlcyclohexane. Suitable dienes for use herein
include straight chain-, branched chain-, cyclic-, and
polycvclic hydrocarbon dienes having from 6 to 15
carbon atoms. Examples of suitable non- conjugated
dienes include, but are not limited to, straight chain
acyclic dienes, such as 1.4- hexadiene, 1,6-octadiene,
1.7-octadiene, 1,9-decadiene, branched chain acyclic
dienes, such as 5 30 methvl-1.4-hexadiene;
3,7-dimethyl-l,6-octadiene; 3,7-dimethyl-1,7-octadiene
and mixed isomers  of dihvdromyricene and
dihvdroocinene, single ring alicyclic dienes, such as
1,3-cyclopentadiene;  1,4-cyclohexadiene;
1.5-cyclooctadiene and 1,5-cyclododecadiene, and
multi-ring alicyclic fused  and bridged ring dienes,
such as tetrahydroindene, methyl tetrahvdroindene,
dicyclopentadiene.  bicyclo-(2,2.1)-hepta-2. 5-diene;
aikenyl, alkylidene, cycloalkenyl and cvcloalkylidene
norbornenes, 35 such as 5-methylene-2-norbornene
(MNB); S-propenvl-2-norbornene,5-isopropyiidene-2- -18
norbornene, 5-(4-cvclopentenvl)-2-norbornene,
5-cvclohexyfidene-2-norbornene, 5-vinvl  norbornene,
and norbornadiene. Of the dienes typically used to
prepare EPDMs, the particularly  preferred dienes are
1,4-hexadiene (HD), 5-ethyiidene-2-norbornene (ENB),
5-vinvliciene-2- norbornene (VNB),
5-methylene-2-norbornene (MNB), and dicyclopentadiene
(DCPD). The most 5 especially preferred diene is
5-ethylidene-2-norbornene (ENB). 



In general. the polymerization may be accomplished at
conditions well known in the prior  art for olefin
solution polymerization reactions. Preferred
polymerization temperatures are from 80  to 250 C,
more preferably from 100-200 C. Preferred
polymerization pressures are from  atmospheric to 3000
atmospheres (100 kPa to 300 MPa), more preferably from
1 MPa to 10 MPa. 10 In most polymerization reactions
the molar ratio of catalyst:polymerizabie compound
employed is  from 10'2:l to 10-`:1, more preferably
from 10-":1 to 10'`:1. Highly desirably, the reaction
is  conducted under continuous, solution
nolvmerization conditions, that is, conditions wherein
the  monomer or monomers are continuously added to a
reactor operating under solution poiymerization
conditions, and polymerized product is continuously or
semi-continuously removed and recovered  15 or
forwarded to a second reactor. Desirably. the
polymerization mixture comprises an aliphatic or
alicyclic liquid diluent.  Examples of such aliphatic
or alicyclic liquid diluents include straight and
branched-chain  hydrocarbons such as isobutane,
butane, pentane, hexane, heptane, octane, and mixtures
thereof;  alicvclic hydrocarbons such as cyclohexane,
cycloheptane, methvlcyclohexane, methylcyclo 20
heptane, and mixtures thereof; and perfiuorinated
hydrocarbons such as perfluorinated C4.10 alkanes,
and the like. Small quantities of aromatic
hydrocarbons such as toluene, ethylbenzene or xylene
may be included as well, but are not preferred.
Mixtures of the foregoing are also suitable. A
preferred liquid diluent is a hydrogenated oligomeric
aliphatic hydrocarbon mixture having a  distillation,
ASTM D 86, TBP of 118 C. distillation, ASTM D 86, Dry
Point of 137 C, and 25 Specific Gravity, 15.6 C. ASTM
D 1250 of 0.72 sold commercially under the trade
designation  IsoparTM E. available from ExxonMobil
Corporation. The use of molecular weight control
agents or chain transfer agents in the present Process
is  desired. Examples of such molecular weight control
agents include hydrogen, trialkyl aluminum  compounds,
or other known chain transfer agents. Hydrogen is a
most preferred molecular weight 30 control agent or
chain transfer agent. A particular benefit of the use
of the present invention is the  ability (depending on
reaction conditions) to produce narrow molecular
weight distribution  ethylene/ a-olefin interpolymers.
Preferred polymers have Mw/Mn of less than 3.0, more
preferably less than 2.6. Such narrow molecular weight
distribution polymer products are highly desirable due
to improved. tensile strength properties as well as
reduced levels of extractables and  35 metal values.
-19 Without limiting in any way the scope of the
invention, one means for carrying out the  present
polymerization process is as follows. In a
stirred-tank reactor, the monomers to be 



poi ymerized are introduced continuously together with
any solvent or diluent. The reactor contains  a liquid
phase composed substantially of monomers together with
any solvent or diiuent and 5 dissolved polymer.
Catalyst along with cocataiyst and optionally chain
transfer agent are  continuously or intermittently
introduced in the reactor liquid phase or any recycled
portion thereof.  The reactor temperature may be
controlled by adiusting the solvent/monomer ratio, the
catalyst  addition rate, as well as by use of cooling
or heating coils, jackets or both. The polymerization
rate  is controlled by the rate of catalyst addition.
Pressure is controlled by the monomer flow rate and 10
partial pressures of volatile components. The ethylene
content of the polymer product is  determined by the
ratio of ethylene to comonomer in the reactor, which
is controlled by  manipulating the respective feed
rates of these components to the reactor. The polymer
product  molecular weight is controlled, optionally,
by controlling other polymerization variables such as
the  temperature, monomer concentration, or flow rate
of the previously mentioned chain transfer agent. IS
Upon exiting the reactor, the effluent is contacted
with a catalyst kill agent such as water, steam o- an
alcohol. The polymer solution is optionally heated,
and the polymer product is recovered by  flashing off
gaseous monomers as well as residual solvent or
diluent at reduced pressure, and, if  necessary,
conducting further devolatilization in eauipment such
as a devolatiiizing extruder. In a  continuous
process, the mean residence time of the catalyst and
polymer in the reactor generally is 20 from 5 minutes
to 8 hours, and preferably is from 10 minutes to 6
hours. Alternatively, the foregoing polymerization may
be carried out in a continuous loop reactor  with or
without a monomer, comonomer, catalyst or cocataiyst
gradient established between  differing regions
thereof, optionally accompanied by separate addition
of catalysts and/or chain  transfer agent, and
operating under adiabatic or non-adiabatic solution
polymerization conditions or 25 combinations of the
foregoing reactor conditions. Examples of suitable
loop reactors and a variety  of suitabie operating
conditions for use therewith are found in USP's
5,977.251, 6, 319.989 and  6,683,149. -20 SPECIFIC
EMBODIMENTS The following embodiments are provided for
purposes of specific disclosure for the  appended
claims. I . A process for polymerization of propylene,
optionally ethylene, and further 5 optionally one or
more C4-30 a-olefins and/or one or more conjugated or
nonconjugated dienes under  continuous, solution
polymerization conditions to prepare a high molecular
weight polymer or  interpolymer, said process
comprising conducting the polymerization in the
presence of a catalyst  



composition comprising a hafnium complex of a
polyvalent arvloxyether. .  2. The process of
embodiment I wherein the metal complex corresponds to
the  to formula: D RD R\ /  /-O  R20` / *\ , RZt o, o
r where: R20 independently each occurrence is a
divalent aromatic or inertly substituted aromatic
group containing from 5 to 20 atoms not counting
hydrogen; T3 is a divalent hydrocarbon or silane group
having from 3 to 20 atoms not counting  15 hydrogen,
or an inertly substituted derivative thereof; and R
independently each occurrence is a monovalent ligand
group of from I to 20 atoms, not  counting hydrogen,
or two RD groups together are a divalent ligand group
of from 1 to 20 atoms, not  counting hydrogen; and an
activating cocatalyst at a temperature from 120 to 250
C and a pressure from 1 00 kPa to  20 300 MPa. The
process of embodiment 1 wherein propylene and ethylene
are polymerized to  form a propylene/ethylene
copolymer containing from 85 to 98 weight percent
propylene and  having Mw of 50,000 g/mol or higher. 4.
The process of embodiment I which is a continuous
solution polymerization  25 process operating at a
temperature from 130 to 250 C, with a propylene
concentration in the  reactor of 8 percent or less,
and a solids content of the reaction mixture of 1
percent or greater. 5 The process of embodiment 4
wherein the polymerization temperature is from 130  to
200 C. 6. The process of embodiment I wherein under
operating conditions of the 30 polymerization
unreacted monomer or monomers are not separated from
the remaining solvent of  the reaction mixture prior
to recycling of reaction mixture. -21 7. The process
of embodiment 1 wherein the propylene conversion is at
least 75 moi  percent. 



8. The process of embodiments I wherein a monomer
mixture consisting essentially  of propylene and
ethylene is polymerized. 5 9. The process of
embodiment I wherein the cocatalyst is alumoxane
present in an  amount to provide a molar ratio based
on Hf from 20:1 to 150:1. 10. The process of
embodiment 9 wherein the alumoxane is
tri(isobutyl)aluminum  modified methalumoxane or
tri(n-octyl)aluminum modified methalumoxane. 1 I . A
process according to any one of embodiments 1-10
wherein the metal complex  10 corresponds to one the
formulas: h N FD RD FD RD cH~ /)--o r t ~, cis; CH3 0-
H-^ CH3  0 0 o ~\ -- ` o  (CH2)! - - \ / ~ (CH 2 1y N
P" RD RD RD CH; 0- H" C-~,/ CH3 CHi O- Ht- \\__ cH3
~0 O ~~O (CH2)4 - - (CH2)4  N N/ PD RD RD RD  CH3 X
lot, o H~ ov/ CH3 CHT O- Hr CH, -22 RD RD W oOJ-\ CH;
CH- C- M C-3  or wherein, RD independently each
occurrence is chioro, methyl or benzyl. 12. The
process of embodiment 11 wherein the metal complex is
selected from the  group consisting of: 5 A)
bis((2-oxovl-3-(1,2,3,4,6,7,8,9-octahvdroanthracen-5-v
l)-5-(methvl)phenyl)-2-phenoxy)-1,3-
propanedivlhafnium (N) dimethyl,
bis((2-oxovl-3-(1,2,3,4,6,7,8,9-octahvdroanthracen-5-y
1)-5-(methyl)phenvl)-2-phenoxy)-1.3- 



propanedivlhafnium (IV) dichloride, bis((2-oxovl-3-(1;
2,3,4,6,7,8,9-octahvdroanthracen-5-vl)-5-(methvl)pheny
l)-2=phenoxy)-1.3- 10 propanedivlhafnium (N) dibenzyl,
bis((2-oxoyl-3-(dibenzo- I H-pyrrole- I -yl)-5-(meth
vl)phenvl)-2-phenoxy)-1.3-propanedi vlhafnium  (IV)
dimethyl, bis((2-oxovl- 3-(dibenzo- I H-pyrroie-
I-yl)-5-(methyl)phenyl)-2-phenoxy)- l
,3-nrooanediylhafnium  (IV) dichloride, 15
bis((2-oxoyl-3-(dibenzo-IH-pvrroie-I-vl)-5-(methvl)phe
nvll 2-phenoxy)-1.3-propanediylhafnium  (N) dibenzyl,
B) bis((2-oxoyl3-(1
,3,4,6,7,8,9-octahvdroanthracen-5-vl)-5-(methyl)ohenvl
`,,1-2-phenoxvmethyl)- 1,4-butanedivlhafnium (N)
dimethyl, 20
bis((2-oxovl-3-(1.2.3,4,6,7,8,9-octahvdroanthracen-5-y
l)-5-(methyl)phenyl)-2-phenoxvmethyl)-1,4-
butanedivlhafnium (IV) dichloride. bis((2-oxovl-3-(i
,2.3,4.6,7,8,9-octahvdroanthracen-5-vl)-5-(methyl)phen
yl)-2-phenoxvmethyl;-1,4- butanediylhafnium (IV)
dibenzyl, bis((2-oxoyl-3-(dibenzo- ]H-pyrrole- I
-vl)-5-(meth yl)phen y l)-2-phenoxymethyl} 1 4- 25
butanediylhafnium (N) dimethyl,
bis((2-oxovl-3-(dibenzo-IF1-pyrroie-I-vl)-5-(methyl)ph
enyl) 2-phenoxvmethyl)-1,4- butanediylhafnium (IV)
dichloride,
bis((2-oxovl-3-(dibenzo-lH-pyrrole-1-yl)-5-(meth
vl)phenyl)-2-phenoxvmethyl)-1,4- butanedivlhafnium
(IV) dibenzyl, 30 -23 C)
bis((2-oxoy1-3-(12,3,4,6,7.8.9-octahydroanthracen-5-yl
)-5-(methyl)phenyl)-2-phenoxy)-2,4- pentanediylhafnium
(IV) dimethyl,
bis((2-oxovl-3-(1,2,3,4,6,7,8,9-octahvdroanthracen-5-.
vl)-5-(methyl)phenyl)-2-phenoxy)-2,4-
pentanediylhafnium (IV) dichloride, 5
bis((2-oxoyl-3-(1::?,3,4,6,7,8.9-octahvdroanthracen-5-
yl)-5-(methvl)phenyl)-2-phenoxy)-2,4-
pentanedivlhafnium (IV) dibenzyl,
bis((2-oxoyi-3-(dibenzo-I H-pyrrole- I
-y1)-5-(methvl)phenyl)-2-phenoxy)-2,4-pentanedivlhafni
um  (IV) dimethyl, bis((2-oxoyl-3-(dibenzo-l
H-pyrrole-1-vl)-5-(methvl)phenyl)-2-phenoxy)-2
A-pentanedivlhafnium  10 (IV) dichloride, 



bis((2-oxoyl-3-(dibenzo-I
H-pyrroie-l-yl)-5-(methyl)phenyl)-2-phenoxy)-2,4-penta
nedivlhafnium  (IV) dioenzvl, D)
bis((2-oxoyl-3-(1.2,3,4,6,7,8,9-octahvdroanthracen-5-y
l)-5-(methyl)phenyl)-2-phenoxvmethvl)- 15
methylenetrans-1 2-cvciohexanediylhafnium (IV)
dimethyl,
bis((2-oxoyl-3-(I,2.3,4,6.7,8,9-octahvdroanthracen-5-y
l)-5-(methyl)phenyl)-2-phenoxvmethyl)
methylenetrans-1.2-cvclohexanedivlhafnium (TV)
dichloride, bis((2-oxoyl-3-(1 :,3,4.6
?,8,9-octahydroanthracen-5-vl)-5-(methyl)phenyll'-2-ph
enoxymethyl)- methylenetrans-
I.2-cvciohexanediylhafnium (IV) dibenzyl, 20
bis((2-oxoyl-3-(dibenzo-IH-pyrrole-l-vl)-5-(methyl)phe
nyl)-2-phenoxymethyl)-methyienetrans-1,2-
cyclohexanedivlhafnium (IV) dimethyl,
bis((2-oxoyl-3-(dibenzo- I
H-pyrroie-l-vl)-5-(methvl)phenvl)-2-phenoxvmethyl)-met
hvienetrans- 1,2- cyclohexanedivlhafnium (IV)
dichloride, and bi s((2-oxovl-3-(dibenzo-1 H-pyrroie-
I -vi"-5-(methyl)phenyl)-2-phenoxvmethyl )-meth
vienetrans-1,2- 25 cyclohexanedivlhafnium (TV)
dibenzyl. It is understood that the present invention
is operable in the absence of any component  which has
not been specifically disclosed and may be combined
with any other suitable reaction or  process in a
multistep polymerization system design. The following
examples are provided in order 30 to further
illustrate the invention and are not to be construed
as limiting. Unless stated to the  contrary, all parts
and percentages are expressed on a weight basis. -24
EXAMPLES 1-6 Preparation of Metal Complex The
synthetic procedures of US-A-2004f0010103 were
substantially repeated to prepare  5 metal complexes
Al and A2. Al:
Ibis((2-oxovl-3-(dibenza-1H-pyrrole-l-yl) A2:
bis((2-oxoyl-,-(dfoenzo-1H-pyrro)e .1-yl)-5-
(rrethvl)plenyI}-2- phenoxy)- ( tnYl)p
nyl)-2-plenoxvrrtityT~ tranG- 1.3-propar>~divihafnit
rn (IV) din thyi l :2-cyclohexanediy~n (IV) dirrethyl
Continuous Polymerization Conditions, Examples 1-6
Continuous solution poivmerizations are carried out in
a computer controlled autoclave  reactor equipped with
an internal stirrer. Purified mixed alkanes solvent
(IsoparTM E available from  10 ExxonMobil, inc.).
ethylene, propylene, 5-ethylidene-2-norbornene, and
hydrogen are continuously  supplied to a 3.8 L reactor
equipped with a jacket for temperature control and an
internal thermocouple. The solvent feed to the reactor
is measured by a mass-flow controller. A variable  



speed diaphragm pump controls the solvent flow rare
and pressure to the reactor. At the discharge  of the
pump, a side stream is taken to provide fiush flows
for the catalyst and cocatalyst injection. 15 lines
and the reactor agitator. These flows are measured by
mass flow meters and controlled by  control valves or
by the manual adjustment of needle valves. The
remaining solvent is combined  with monomers and
hydrogen and fed to the reactor. A mass flow
controller is used to deliver  hydrogen to the reactor
as needed. The temperature of the solvent/monomer
solution is controlled  by use of a heat exchanger
before entering the reactor. This stream enters the
bottom of the reactor. 20 The catalyst and cocatalyst
component solutions are metered using pumps and mass
flow  meters and are combined with the catalyst flush
solvent and introduced into the bottom of the
reactor. The cocatalyst used is a long-chain alkyl
ammonium borate of approximate stoichiometry  equal to
rnethyldi(octadecyl)ammonium
tetrakis(pentafluorophenyl)borate (MDB) combined with
a  tertiary component, tri(isobutyl)aluminum modified
methalumoxane (MMAO) containing a molar 25 ratio of
i-butyl/methyl groups of about 1132. The reactor is
run liquid-full at 500 psig (3.45 MPa)  with vigorous
stirring. Product is removed through exit lines at the
top of the reactor. All exit lines  -25 from the
reactor are steam traced and insulated. Polymerization
is stopped by the addition of a  small amount of water
into the exit line alone- with any stabilizers or
other additives and passing the  mixture through a
static mixer. The product stream is then heated by
passing through a heat  exchanger before
devolatilization. The polymer product is recovered by
extrusion using a 5 devolatilizing extruder and water
cooled pelletizer. Process details and results are
contained in Table 1.  Table I C2Ht C,H6 H2 C2H4 C3H6
T Flow Flow Flow' Conv'Conv' Ex. Cat AI:Hf B:H` C kg )
ks/h) (sccm () (iol Prod3 EEL MFR5  1 Al 30 1.5 120
0.15 2.00 35.0 87.0 62.5 1.72 3.4 3.24  2 11 20 11 120
0 4.9 76.1 1.54 16.3 3.53  3 25 11 130 0 11 4.9 80.1
1.61 7.8 7.43  percent conversion in reactor standard
cm'/min 10 production rate kg/hr 4, efficiency, g
polymer/g Hf  melt flow rate dgimin 



The reaction conditions of Examples 1-3 are
substantially repeated at a larger scale 1:; employing
metal complex A2, MDB cocataivst in a molar ratio
based on Hf of 1.2/l.. and MMAO  (25/1 Al/Hf) at a
reaction pressure of 3.7 MPa. Additional process
details and results are contained  in Table 2. Table 2
C21-14 CIH6 Total H, T Flow Flow feed C2LH6 SoIids2
Mol Mw density  Ex. C (kgth) (ka/h) (kg/h) M) I ('7-b)
MFR3ka/inol(/em3)  4 130 6.5 113.0 591 4.5 19.8 0.10
8.54 229 0.8883  5 145 0.07 7.45 243 0.8877  6 155
19.5 0.04 7.01 232 0.8871  percent propylene in
reactor contents 20 percent solids in reactor  melt
flow rate dg/min -26 CLAIMS : 1. A process for
polymerization of propylene, optionally ethylene. and
further  optionally one or more Ca-ao a-olefins andior
one or more conjugated or nonconjugated dienes under
5 continuous, solution polymerization conditions to
prepare a high molecular weight polymer or
interpolymer, said process comprising conducting the
polymerization in the presence of a catalyst
composition comprising a hafnium complex of a
polyvalent aryioxvether. 2. The process of claim l
wherein the metal complex corresponds to the formula:
D R D R\  4 Hf- O where:  10 R2D independently each
occurrence is a divalent aromatic or inertly
substituted aromatic  group containing from 5 to 20
atoms not counting hydrogen; T3 is a divalent
hydrocarbon or silane group having from 3 to 20 atoms
not counting  hydrogen, or an inertly substituted
derivative thereof: and RD independently each
occurrence is a monovalent ligand group of from 1 to
20 atoms. not  15 counting hydrogen, or two R groups
together are a divalent ligand group of from I to 20
atoms, not  counting hydrogen; and 



an activating cocatalvst at a temperature from 120 to
250 C and a pressure from 100 kPa to  300 MPa. 3. The
process of claim I wherein propylene and ethylene are
polymerized to form a  20 propylene/ethylene copolymer
containing from 95 to 98 weight percent propylene and
having Mw  of 50,000 g/mol or higher . 4. The process
of claim l which is a continuous solution
polymerization process  operating at a temperature
from 130 to 250 C, with a propylene concentration in
the reactor of 8  percent or less, and a solids
content of the reaction mixture of 15 percent or
greater. 25 5 The process of claim 4 wherein the
polymerization temperature is from 130 to 200  C. 6.
The process of claim l wherein under operating
conditions of the polymerization  unreacted monomer or
monomers are not separated from the remaining solvent
of the reaction  mixture prior to recycling of
reaction mixture. 30 7. The process of claim I wherein
the propylene conversion is at least 75 mol percent.
-27- ' 8. The process of claims l wherein a monomer
mixture consisting essentially of  propylene and
ethylene is polymerized. 9. The process of claim I
wherein the cocatalyst is aiumoxane present in an
amount to  provide a molar ratio based on Hf from 20:1
to 150:1. 5 10. The process of claim 9 wherein the
alumoxane is tri(isobutyi)aluminum modified
methalumoxane or tri(n-oct_ylialuminum modified
methalumoxane. 11. A process according to any one of
claims 1-10 wherein the metal complex  corresponds to
one the formulas: J  RD RD RD PD CHI? o H~ c CHI CH3 0
CHI  -' o ~ ~0 (CH2)3 (CH2)3  RD PD / 0  CH; o H:e
0_// CH3 CH3 H F /-~ CHI.  Y 



- (CH2)/  (CH2) J,  N RD RD FD RD -- CHI  CH.; O H` 0
-CH3 CH" / H R O C J_ RD RD _ RD RD CH3 O H 0 /-\ CH3
CH3 CH3  0 wherein, RD independently each occurrence
is chloro, methyl or benzyl. -28 12. The process of
embodiment I I wherein the metal complex is selected
from the  group consisting of: A)
bis((2-oxoyl-3-(1,Z.3,4.6,7,8,9-octahydroanthracen-5-y
l)-5-(methyl)phenyl)-2-phenoxy)-I,3-
propanedivlhafnium (W) dimethyl, 5
bis((2-oxovl3-(2,2.3,4,6,7,8,9-octahydroanthracen-5-yl
)-5-(methvl)phenyl)-2-phenoxy)-13- propanedivlhafnium
(IV) dichloride.
bis((2-oxoyl-3-(12,3,4,6.7,8,9-octahydroanthracen-5-yl
)-5-(methvl)phenyl)-2-phenoxy)-t 3- propanedivlhafnium
(IV) dibenzyl, bi s((2-oxo vl-3-(dibenzo- lH-pyrro le-
I -vl)-5-(metnyl)phenyl)-2-phenoxy)-1,3-propanedi vl
hafnium  10 (IV) dimethyl, bis((2-oxoyl-3-(dibenzo-I
H-pvrrole-1-yl)-5-(methvl)phenyl)-2-phenoxy)-I,3-propa
nediylhafnium  (IV) dichloride,
bis((2-oxovl-3-(dibenzo- I H-pyrrole-I
-yl)-5-(methvl)phenyl)-2-phenoxy)-1,3-propanedivihafni
um  (IV) dibenzyl, 15 B)
bis((2-oxoyl-3-(1,2,3,4,6,7,8,9-octahydroanthracen-5-y
l)-5-(methyl)phenyl)-2-phenoxymethyl)-
1,4-butanedivlhafnium (IV) dimethyl,
bis((2-oxovl-3-(1..'.,3,4,6,7,8,9-octahydroanthracen-5
-vl)-5-(methyl)phenyl)-2-phenoxymethyl)-1,4-
butanedivlhafnium (IV) dichloride, 20
bis((2-oxovl-3-(1,2,3,4,6,7,8,9-octahydroanthracen-5-y
l)-5-(methyl)phenvl)-2-phenoxymethyl;-1,4-
butanedivlhafnium (IV) dibenzyl, 



bis((2-oxovl-3-(dibenzo- I H-pynrole- I
-vl)-5-(methyl)phenyl)-2-phenoxymethyl)-1.4-
butanediylhafnium (IV) dimethyl, bis ((2-oxo
v1-3-(dibenzo- I H-pyrrole- I -v
l)-5-(methvl)phenvl)-2-phenox vmethyl)-1,4- 25
butanediylhafnium (IV) dichloride,
bis((2-oxoyl-3-(dibenzo-IH-pyrrole- I
-yl)-5-(methy])phenyl)-2-phenoxymethyl)-1,4-
butanediylhafnium (IV) dibenzyl, C) bis((2-oxoyl-3-(1
2,3.4.6.7,8,9-octahydroanthracen-5-yl)-5-(methyl)pheny
l>.2-phenoxy)-2,4  30 pentanediylhafnium (IV)
dimethyl, bis((2-oxoyl-3-(
I,2,3,4,6,7,8,9-octahydroanthracen-5-yl)-5-(methyl)phe
nvi)-2-phenoxy)-2,4- pentanedivlhafnium (IV)
dichloride, bi
s((2-oxoyl-3-(1.2,3,4,6,7,8,9-octahydroanthracen-5-y1)
-5-(methyl)phenyl)-2-phenoxy)-2.4- pentanediylhafnium
(IV) dibenzyl. 35
bis((2-oxovl-3-(dibenzo-IH-pyrrole-I-yl)-5-(methyl)phe
nvl)-2-phenoxy)-2.4-pentanedivihafnium  -29 r t (IV)
dimethyl, bi s((2-oxoyl-3-(dibenzo-1 H-pyrrole- l
-yl)-5-(methyl )phenyl)-2-p
henoxy)-2,4-pentanediylhafniun:  (IV) dichloride,
bis((2-oxoyi-3-(dibenzo-
l.H-pyrrole-1-yl)-5-(methyl)phenyl)-2-phenoxy)-2,4-pen
tanedivlhafnium  5 (IV) dibenzyl, D)
bis((2-oxoyl-3-(1.2.3.4,6,7,8,9-octahydroanthmcen-5-yl
)-5-(methy!)phenyl)-2-phenoxymethyi)-
methylenetrans-l,2-cvclohexanediylhafnium (IV)
dimethyl,
bis((2-oxoyl-3-(1.2.3,4,6,7.8,9-octahvdroanthracen-5-y
l)-5-(methv])phenyl)-2-phenoxymethyl) ld
methylenetrans-l,2-cvclohexanediyihafnium (TV)
dichloride,
bis((2-oxoyl-3-(1,2,3,4,6,7,8,9-octahydroanthracen-~,-
vl;-5-(methyl)phenyl) ^phenoxvmethvl)-
methylenetrans-l,2-cyclohexaneciiylhafnium (IV)
dibenzyl, bis((2-oxovl-3-(dibenzo-lH-pyrrole- I
-yl)-5-(methyl)phenyl)2-phenoxymethyl)-methylenetrans-
1.2- cyclohexanedivlhafnium (IV) dimethyl, 15
bis((2-oxoyl-3-(dibenzo-IH-pyrrole-)-yl)-5-(methyl)phe
nyl)-2-phenoxvmethvl)-methylenetrans-1.2-
cyclohexanedivlhafnium (IV) dichloride, and
bis((2-oxovl-3-(dibenzo-! H-pyrrole- l
-vl)-5-(methyl)phenyl)-2-phenoxymethyl)-meth
ylenetrans-1.2- cyciohexanedivlhafnium (IV) dibenzyl.
-30 


