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Introduction and Objectives of the “Advances in Polyolefins” Workshop

Polyoleﬁns——includingipolyethylene, polypropylene, copolymers, etc.—comprise
more than 50% of the large volume of polymeric materials produced in the Unites States
each year. Major advances in the field have continued over the last decade, in contrast to
many areas of other industrial research and development. No doubt this is related to the
economics and availability of high volume petrochemical monomers, such as ethylene,
propylene, styrene, etc., as well as important new knowledge in coordination catalysis.

The main objective of this conference is to bring together experts from industry and
academia, with a focus not only on catalysis, but also characterization, processing,
mechanical behavior, and new and expanding applications. The format encourages
informal discussion and attendees should plan to remain for the entire meeting. This
contrasts with the usual situation, either at national ACS meetings, or in engineering
societies, such as the Society of Plastics Engineers (SPE) where a more narrow focus must
be encouraged and time constraints require speakers to often leave shortly after their own
presentations. The program has been carefully designed to attempt to integrate the
aspects described above, and it is hoped that this will be the first of perhaps a series of
periodic meetings (every two years?) on this subject in pleasant surroundings.
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Fran Mirabella, Millennium Petrochemical Co., Morris, IL

BREAK
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Progress in Polyolefins Through Cata]ysis

|

James J. O’Malley
Polymer Science Division, Exxon Chemical Company, Baytown, Texas 77522

Catalysis is a mission critical technology for the polyolefins industry. For the past forty years,
industry growth has been fueled by continuously improving and expanding the capabilities of
Ziegler-Natta catalysts. The prospects for future growth have been enhanced considerably by the
more recent discovery, development and commercialization of new metallocene catalysts or single-
site catalysts, as they are often referred to in the field.

This presentation will focus on the performance capabilities of single-site catalysts as they are
reflected in new/improved polymer properties and manufacturing efficiencies. As appropriate,
these catalysts will be compared to conventional Ziegler Natta catalysts. It will become abundantly
evident that single-site catalysts offer significant benefits to both the consumer and producer of
polyolefins. The rapidly expanding array or potential new polymers and products virtually assures
continued progress in polyolefins through catalysis.
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Olefin Polymerizations Using Pd(II)- and Ni(II)-Based Catalysts

M. Brookhart, Lynda K. Johnson, Christopher M. Killian, Daniel J. Tempel, and Stefan Mecking
Department of Chemistry, University of North Carolina, Chapel Hill, NC 27599-3290

A series of Pd(II) and Ni(II) precursors, 1 and 2, will be described, which serve as initiators
for the polymerization of ethylene and a-olefins as well as the copolymerization of ethylene or o-
olefins with acrylates to high molar mass polymers. Details of these catalyic systems will be
presented including the synthesis of initiators, NMR spectroscopic studies of the mechanism of
polymerization, and a general description of the polymerization reactions, including variation of
catalyst activities and polymer structures with metal, ligand structure, monomer concentration and
temperature. Living polymerization of o-olefins using Ni-based catalysts will be described together
with the properties of diblock and triblock polymers produced from these living polymerization

systems.
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References:
1. Johnson, L.K.; Killian, C.M.; Brookhart, M. J. Am. Chem. Soc. 1995, 117, 6414.

2. Johnson, L.K.; Mecking, S.; Brookhart, M. J. Am. Chem. Soc. 1996, 118, 267.
3. Killian, C.M.; Tempel, D.J.; Johnson, L.K.; Brookhart, M. J. Am. Chem. Soc. 1996, 118,

11664.
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Copolymer Composition and Phase Structure of Polyolefin Copolymers:
A Two Decade Review

Francis M. Mirabella and Emory A. Ford
Millennium Petrochemical, Inc., Process Research Center, 8935 Tabler Road, Morris, IL 60450

The commercialization of linear-low density polyethylene (LLDPE) in the mid-1970's has
been followed by two decades of intensive research into the structure of these copolymers and the
relationship of structure to physical and mechanical properties. The composition distribution of the
polymers composing LLDPE resins were found to be much broader than expected. Further, the
composition distributions were found to be multimodal, which was completely unexpected. The
implications of these observations were provocative and led to a large amount of research over two
decades time to unravel the molecular and morphological structure of these polymers, and to - '
correlate these structural elements with the physical and mechanical properties of LLDPE resins.

The nature of the kinetics of the polymerization of ethylene and alpha-olefins results in the
correlation of the average molecular weight and molecular weight distribution with the average
branching and the short-chain branching distribution (SCBD). The average molecular weight
decreases as the average branching increases. The molecular weight distribution broadens as the
short-chain branching distribution broadens.

The broad SCBD of LLDPE’s is basically composed of three polymer types: substantially
linear PE, moderately branched copolymer, and highly branched copolymer. The cooling of the melt
of such a broad and multimodal polymer composition results in two important morphological
systems. The first is a highly interconnected distribution of lamellar crystals of varying thickness,
which are interconnected by molecules traversing more than one lamellae. The second is the result
of liquid-liquid phase separation of the most highly branched polymers from the rest of the SCBD
in the melt. This results in a dispersed phase of particles of the highly branched polymer in the
solid state. This dispersed second-phase tends to have rubberlike character.

The stiffness and toughness in the solid state of LLDPE’s has been correlated with these
morphological structures. The stiffness is increased by the presence of the crystalline material,
especially the thicker crystallites, and decreased by the presence of the noncrystalline polymer and
the dispersed phase rubberlike particles. The toughness is increased by 1) decreasing the average
thickness of the lamellar crystal distribution, 2) increasing the interconnection between the lamellar
crystals and 3) increasing the concentration of the dispersed phase rubberlike particles.

The dispersed rubberlike phase in LLDPE resins, blends of hydrogenated polybutadiene and
high density polyethylene, and ethylene-propylene rubber blends with polypropylene all exhibit
coarsening of the dispersed phase particles upon storage in the melt state. The coarsening behavior
~ was shown to obey classical Ostwald ripening (evaporation/condensation) kinetics. Particle
diffusion and coalescence was found to negligibly contribute to coarsening in the case of high
molecular weight polymer matrices. :
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Property Development in the Polyolefins by Solid State Drawing

AE. Zachariades and Roger S. Porter*
Polteco, Hayward, CA and *Polymer Science and Engineering, Silvio O. Conte Polymer Research
Center, University of Massachusetts, Amherst, MA 01003

Several high-molecular weight polyolefins and vinyl polymers have been uniaxially drawn
from different initial morphologies by four techniques: solid-state extrusion, rolling, tensile drawing
and their sequential combinations (two-stage drawing). These polymers include UHMW-
polyethylene, iso-polypropylene, and iso-poly(4-methyl-l-pentene). Among these, solution-grown
single crystal (SGC) mats of UHMW-PE, PP and PAM1P could be ultradrawn to extreme values in
terms of mechanical and physical properties approaching their theoretical limits. Practical }
processing of reactor powders and the useful properties of these three polymers will be emphasized
and compared with the properties of other polymers. Biaxial draw of polyethylene and iso-
polypropylene will also be discussed with the consequence of interesting practical properties.
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Mechanisms of Stereocontrol in Isospecific and Syndiospecific
Polymerizations of Propylene

John E. Bercaw
Arnold and Mabel Beckman Laboratories of Chemical Synthesis, California Institute of Technology,

Pasadena, CA 91125

Single component yttrocene catalysts have been prepared in enantiopure form (below) for
the purpose of investigating the mechanism of stereoselective chain growth for isotactic
Ziegler/Natta o-olefin polymerizations. Isotope effects and stereochemical probes have been used
to define the transition state structure for 1-pentene insertion into yttrium-hydrogen and yttrium-
pentyl bonds. The findings have identified the most 1mportant interactions that stereodifferentiate
between the enantiofaces of a olefins in chain propagation.’

S-S N

Basing our design on the transition structure for isospecific catalysts, we have developed a
new class of metallocene catalysts (below) capable of producing highly syndiotactic polypropylene
(PP) (R = CHMe,) or an "ambi-specific" catalyst (R = CHMeCMe;) that produces moderately
syndiotactic PP at high propylene concentration, switching to moderately isospecific at low
propylene concentration.?

R

. \ Cl propylene
l\héle S, Zr< - » polypropylene
€291 / Cl MAO = (AlOMe),

1. Gilchrist, J. H.; Bercaw, J. E. J. Am. Chem. Soc. 1997, 48, 12021.
2. Herzog, T. A.; Zubris, D. L.; Bercaw, J.E. J. Am. Chem. Soc.1997, 48, 11988.
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Designer Polyolefins: Control of Sequence Distribution Through Metallocene
Catalysis

Robert Waymouth
Department of Chemistry, Stanford University, Stanford CA 94305

The impressive stereospecificity of homogeneous metallocene catalysts present an
unprecedented opportunity for the molecular design of new polymer structures. We have recently
developed a class of 2-Arylindene metallocene catalysts for the production of elastomeric
polypropylene. These catalysts were designed to isomerize between chiral and achiral coordination
geometries during the polymerization reaction to produce atactic - isotactic stereoblock polymers.
The metallocene precursor (2-PhInd)2ZrCl, in the presence of methylaluminoxane polymerizes
propylene to yield rubbery polypropylene. The physical properties of this polymer are most
readily explained in terms of a stereoblock structure consisting of isotactic sequences that can
crystallize and provide physical crosslinks for the amorphous atactic stereosequences. The nature
of the catalyst precursor and the polymerization conditions have a large effect on the structure and
resulting physical properties of the polypropylenes produced.

We have also investigated catalysts for the production of novel ethylene propylene

copolymers and will describe some of our recent efforts to produce alternating ethylene / propylene
copolymers with metallocene catalysts.
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Effects of Stereospecificity and Regiospecificity in Propene Polymerization
Using MgCl,-Supported Catalysts

John C . Chadwick
Montell Polyolefins, Centro Ricerche G. Natta, Ferrara, Italy

The performance of MgCl,-supported catalysts in propane polymerization is strongly
dependent on the donor(s) present in the catalyst system and on process conditions, notably the
presence of hydrogen. Addition of hydrogen usually leads not only to PP molecular weight
reduction but also to significant increases in catalyst activity. This effect can be largely ascribed to
site reactivation via chain transfer with hydrogen following a regioirregular (2,1-) rather than the
usual 1,2- monomer insertion, 2,1-inserted species having a relatively low reactivity for further
propagations. The effect is particularly significant for the recently-developed MgCl,/TiCly/diether
catalysts, which exhibit high sensitivity to hydrogen with respect to both catalyst activity and
- polymer molecular weight’. Comparable effects have now been established® for catalyst systems of
type MgCl,/TiCly/phthalate ester — AIR; — diether, indicating that similar active species are present,
irrespective of whether the diether is used as “internal” or “external” donor.

The hydrogen response of catalyst systems of type MgCl,TiCly/phthalate ester — AlR; -
alkoxysilane is dependent on the nature of the alkoxysilane. Silanes giving the highest
stereospecificity also tend to give high molecular weight polymers. The probability of chain
transfer therefore not only decreases with increasing regiospecificity, but also with increasing
stereospecificity. Taking into account the multi-site nature of heterogeneous Ziegler-Natta
catalysts, these factors also affect polymer molecular weight distribution.

Polymer stereoregularity is also affected by polymerization conditions (presence of
hydrogen, temperature and monomer concentration). In collaboration with Prof. V. Busico (Univ.
Naples), it has now been established* that the stereoregularity of the isotactic polymer increases
with decreasing propane concentration. This indicates a mechanism of isotactic propagation which
is analogous to that for C;-symmetric metallocenes, in the sense that propane insertion at a highly
enantioselective site tends to be followed by chain back-skip rather than a less regio- and
stereoselective insertion when the chain is in the coordination position previously occupied by the
monomer. :

The performance of different MgCl,-supported catalysts in propene polymerization will be
discussed in relation to the above mechanistic insight, with particular reference to regio- and
stereospecificity.

1. J.C. Chadwick, G.M.M. van Kessel, O. Sudmeijer, Macromol. Chem. Phys. 196, 1431 (1995).

2. J.C. Chadwick, G. Morini, E. Albizzati, G. Balbontin, I. Mingozzi, A. Christofori, O.
Sudmeijer, G.M.M. van Kessel, Macromol. Chem. Phys. 197, 2501 (1996).

3. J.C Chadwick, A;. Morini, G. Balbontin, I. Mingozi, E. Albizati, O. Sudmeijer, Macromol.
Chem. Phys., 198, 1181 (1997). '

4. V. Busico, R. Cipullo, G. Talarico, A. L. Segre, J. C. Chadwick, Macromolecules, in press
(1997).
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New Nickel and Palladium Catalysts for the Addition Polymerization of
Norbornenes: Mechanism and Polymer Tacticity

Brian L. Goodall, Dennis A. Barnes, George H. Benedikt and Lester H. McIntosh
The BFGoodrich Company, 9921 Brecksville Rd., Brecksville, OH 44141

Using a new family of single component cationic nickel and palladium catalysts we are able to
polymerize norbornenes at unprecedented rates to afford a family of amorphous, transparent
polymers with excellent heat resistance. The glass transition temperature (Tg) of the polymers can
be conveniently controlled in the range of about 1500C to about 400°C by selecting the appropriate
norbormene monomer or mixture of monomers. The molecular weights of the polymers can be
tailored from thousands to millions using a new chain transfer process involving the use of olefins
such as ethylene and isobutylene. This chain transfer process also serves to append an olefinic
double bond at the end of each polymer or oligomer chain. Catalysts, polymerization mechanism,
polymer microstructures and.polymer properties are all presented in some detail.
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Metallocene Catalysts for 1,3-Diene Polymérization

Lido Porri
Polytechnic of Milan, Piazza Leonardo da Vinci 32, 20133 Milan (Italy)

Although much work has been done on the synthesis of polyolefins with metallocene
catalysts, little is known about activity and stereospecificity of these catalysts for 1,3-diene
polymerization. Our group has investigated the polymerization of some dienes [butadiene, B; (E)-
1,3-pentadiene, EP; (Z)-1,3-pentadiene, ZP; (E)-2-methyl-1,3-pentadiene, 2MP; 2,3-
dimethylbutadiene, DMB; 4-methyl-1,3-pentadiene, 4MP] with catalysts obtained from MAO and,
respectively, CpTiCl;, CpTi(OBu)s; Cp,TiCl,, (Cp,TiCl),, Me,SiCp,TiCl,, CpZrCly, CpVCl,,
(Cp,VCl),. The results are summarized as follows.

1) CpTiCl;-MAO was found to be the most active systems. It gives polymers with a cis
structure from B, 2MP, DMB and polymers with a 1,2 syndiotactic structure from 4MP. ZP gives
a cis isotactic polymer at +20°C and a 1,2 syndiotactic polymer at <-20°C. In addition, the
polymerization of ZP and 4MP was found to be faster at -20°C than at +20°C. These results can be

interpretedl’2 on the basis of a different mode of coordination of the monomers (cis-n* for B, 2MP,
vDMB, ZP at +20°C; trans-n2 for 4MP and for ZP at £-20°C).

2) Catalysts from bis-cyclopentadienyl compounds are generally much less active than those
from monocyclopentadienyl derivatives. Cp,TiCl,-MAO and Cp,ZrCl,-MAO are poor catalysts.
Cp,TiCl-MAO has a good activity for the polymerization of B, but not for other dienes®. The low
activity of the Cp,TiCl, and Cp,ZrCl, catalysts is understandable if one considers that the polymer
chain is °-bonded to the transition metal and that the favored mode of coordination for a 1,3-diene
is cis-n*.

3) While conventional vanadium catalysts [eg, V(acac);-MAO*] give trans polymers from
1,3-dienes, CpVCl,-MAO and Cp,VCI-MAO give predominantly cis (80-90%) polymers®. The
change of stereospecificity likely depends on the fact that, for the latter catalysts, insertion process
is faster than anti—syn isomerization of the allyl group.

Conclusions. Metallocene catalysts are of synthetic and mechanistic interest for diene
polymerization. Their higher activity with respect to most of non-metallocene systems is due to the
fact that a larger proportion of the transition metal is active in the catalysis. However, the Cp-ligand
does not seem to have a determining role on stereospecificity.

IG. Ricci, S. Italia, L. Porri, Macromolecules 27, 868 (1994)

2. Porri, A. Giarrusso, G. Ricci, Macromol. Symp. 89, 383 (1995)

3G. Ricci, C. Bosisio, L. Porri, Macromol. Rapid Commun. 17, 781 (1996)
4G. Ricci, S. Italia, L. Porri, Macromol. Chem. Phys. 195, 1389 (1994)
5G. Ricci, A. Panagia, L. Porri, Polymer 37, 363 (1996)
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INSITE™ Catalyst Structure/Property Relationships for Olefin Polymerization

Peter N. Nickias
Dow Chemical Company. Midland, MI

The Dow Chemical Company has developed a new family of polyolefins using Constrained
Geometry Catalyst Technology (CGCT). The technology is being commercialized under the
tradename INSITE™. These INSITE™ technology polymers are characterized by a narrow
molecular weight and comonomer distribution. The unique molecular structure of INSITE™
technology polymers delivers increased physical properties. The structure/activity of the family of
CGC catalysts, which give rise to these unique polymers, will be discussed.
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Poly(cyclopentene): A New Processible High-Melting Polyolefin Made from
Nickel and Palladium Catalysts

S.J. McLain, J. Feldman, E.F. McCord, K.H. Gardner, M.F. Teasley, E.B. Coughlin, and
K.J.Sweetman, .

DuPont Central Research and Development, Experimental Station, P.O. Box 80328, Wilmington, DE
19880-0328

L.K. Johnson and M. Brookhart
Department of Chemistry, University of North Carolina, Chapel Hill, NC 27599-3290

Alpha-diimine complexes of Ni and Pd polymerize cyclopentene to give high molecular weight semi-
crystalline polymers with melting points ranging from 241-330°C. These polymers have _
exclusively cis-1,3-enchainment and are partially tactic. X-ray powder diffraction shows that they
have a new crystalline form that is different from the highly isotactic polymer reported by
Kaminsky. The relationship between catalyst structure, polymer tacticity, and melting behavior
will be described. '
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Recent Advances in Propylene Polymerization Catalysis: A Comparison of
Progress in the Development of Ziegler-Natta and Metallocene Catalysts

Roland Hingmann
BASF AG, Polymer Research Division, ZKP/NP — M214, D-67056 Ludwigshafen/Rhein, Germany

The polymerization of olefins by new homogeneous metallocene catalysts has raised a great
deal of interest, both in the scientific community and among polyolefin producers. In particular,
new isotactic polypropylenes with previously unknown molecular structure and composition have
become accessible. This paper will address the preparation of supported metallocene catalysts, the
technology of polymerization with these catalysts in'the Novolen gas-phase process, and the
propetties of the resulting polypropylenes.

At the same time, Ziegler-Natta catalysts for propylene polymerization are also being
continually improved. Here, the development is driven by the enormous economic importance of
these catalysts for conventional polypropylene production. The lecture will review research
activities designed to elucidate the mechanism of polymerization by supported heterogeneous
catalysts, and progress in the development of conventional polypropylene products with an
extended property range.

Finally, the paper will discuss perspectives for the future role in polypropylene production
of both Ziegler-Natta and metallocene catalysts.
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Processing/Structure/Property Studies of High Density Polyethylene Tubular
Films: Effect of Molecular Weight Distribution

Garth L. Wilkes
Department of Chemical Engineering and Polymer Materials and Interfaces Laboratory,
Virginia Tech, Blacksburg, VA 24061 -0211

Extrusion of two linear polyethylenes having the same number average molecular weight, but
varying in their weight average molecular weight were investigated following a uniaxial plane strain
extrusion process converting that material into a tubular film. Several different process variables
were utilized as will be discussed. It was particularly noted that the type of morphology induced in
these materials was influenced by the nature of the molecular weight distribution and related to the
longer relaxation time characteristics of the broader distribution. Specifically, the broader material
could be processed to easily promote row textured morphology whereas the narrow distribution
material typically displayed a stacked lamellar structure without visible signs of fibril nuclei.
However, through adjusting of the process variables, and in light of melt rheological relaxation
behavior, the presence or lack of row structure could be controlled for either of the two materials.
The presentation will consider the effects of the processing variables on controlling the induced
morphology as well as addressing the melt relaxation characteristics of the two resins and finally the
solid state mechanical property behavior of the final films in light of their morphological similarities
and/or differences. Quantitative measurement of the orientation of both the crystalline and
amorphous phase were also made and will be a part of the discussion.
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Further Refinement of the Self-Consistent Model for the Dependence of
Polyethylene Elastic Constants Upon Density

Jay Janzen
Philipps Petroleum Co. Research Center, Bartlesville, OK 74004

This report refines and extends earlier work"*? having to do with the dependence of elastic
constants of polyethylenes upon density alone, 1rrespect1ve of molecular architectural and
crystalline morphological details

It was argued previously that the coupled set of binary rmcrocompos:te mechanical property
mixing rules known as the “self-consistent scheme” (“scs”) derived by Hill,* Budiansky,’ and
Benyman® is the only known viable approach to explaining, quantitatively, the stiffness- density
relationship observed across a wide density range in semicrystalline polyethylenes.

Upon critical reexamination of the sparse data available in the open literature on bulk moduli
and sonic velocities in these materials, however, it has become evident that revision is needed in the
aspects of the earlier work that dealt with these properties.

Specifically, much-improved agreement has been found between the scs and measured bulk-
modulus values reported by Zoller, by Olabisi and Simha, and by Beret and Prausnitz, among
others. This finding leads to clear discernment of disparities between observed sound propagation
velocities and predictions of those velocities from elastic constants measured under static or near-
static conditions. These disparities are well-rationalized in terms of the known strong dependence
of the shear modulus of the amorphous component upon deformation rate. (This dependence was
ignored in the original development.)

The conclusion is that the self-consistent scheme now appears to be even more strongly
supported and generally applicable as an accurate framework for modeling small-deformation
mechanical properties of isotropic polyethylenes than was recognized earlier.

Jay Janzen, Polym. Eng., Sci. 32, 1242-1254 (1992).

Jay Janzen and David F. Register, SPE 54th Technical Conference, Indianapolis, Indiana (1996).
Jay Janzen, Polym. Eng. Sci. 32, 1255-1260 (1992).

Hill, J. Mech. Phys. Solids 13, 213-222 (1965).

Budiansky, J. Mech. Phys. Solids 13, 223-227 (1965).

James G. Berryman, Appl. Phys. Lett. 35, 856-858 (1979).
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New Developments in Stabilization for Polyolefins

R.E. King III
Ciba Specialty Chemicals, Tarrytown NY 10591

The world of polyolefins is in a constant|state of continuous improvement in regard to the
development of new catalysts, polymerization Jrocesses, and olefin polymer compositions.
Accordingly, the polymer producers as well as the manufacturers of downstream products are
interested in new developments in stabilization technology that may help to improve the physical
and aesthetic properties of their products. Representative examples of improvements might include:
better maintenance of molecular weight and molecular weight distribution (melt flow rates), lower
initial color and better color maintenance, improving long term thermal and light stability, inhibition
of gas fade discoloration, enhanced additive compatibility, resistance to interactions with other
additives, pigments and modifiers, reduced taste and odor, and the suppression of ‘gels’ (and other
visual imperfections).

In regard to melt processing and long term thermal stability, traditional stabilization systems
for polyolefins are typically based on a combination of a phenolic antioxidant and a phosphorus
based melt processing stabilizer. The phenolic antioxidant provides melt processing stability as a
hydrogen atom donor and free radical scavenger, but is also primarily incorporated for some desired
level of long term thermal stability. The phosphorus based melt processing stabilizer, usually a
phosphite or phosphonite, functions as a hydroperoxide decomposer during the melt compounding
step. If the polymer contains acidic residues from the polymerization catalyst, then a variety of acid
scavengers can be used as well. In regard to stabilizing the polymer against the damaging effects of
ultraviolet (UV) radiation, conventional approaches include the use of screeners, quenchers and
absorbers that either deflect or selectively absorb the damaging effects of UV radiation and then
dissipate the energy at lower wavelengths. More recently, hindered amines have been used as free
radical scavengers and hydroperoxide decomposers to quench the negative effects of UV light.

All of these known chemistries have been well proven to work together to maintain the
polymers original molecular architecture as it moves through its life cycle, both above and below the
melting point of the polymer; in and out of the damaging effects of UV radiation. However, in spite
of these significant accomplishments regarding polymer stabilization, intense investigations have
been underway over the last few years to develop new products based on chemistries that deliver
recognizable improvements regarding the key measures described above. Typically this requires the
discovery and development of new chemistries; for example, the use hydroxylamine and lactone
moieties as melt processing stabilizers, as well as the development of new class of hindered amines
based on N-OR type aminoethers. Another approach involves clever ways to use those chemistries
that have been known, but perhaps underutilized; such as fine tuning the molecular structure of
phenolic or phosphite compounds.

We have examined the impact of these new stabilization chemistries, not necessarily to
simply displace existing stabilization systems, but also to differentiate and develop new markets .
and opportunities. Traditional “phenol based” as well as alternative “phenol free” stabilization
concepts have been explored. New applications have been explored and the results were found to be
quite promising. The relative performance of these new stabilization concepts and their
applicability to new markets and opportunities will be discussed.
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Characterization of Polyolefins Using High Temperature Gel Permeation
Chromatography (GPC)

Elizabeth Meehan
Polymer Laboratories, Essex Road, Church Stretton, Shropshire SY6 6AX, United Kingdom

The molecular weight distribution of a polymer has a profound effect on the processability
and final end use properties of fabricated materials. Recent developments in metallocene catalysts
have been shown to have a significant effect on the molecular weight distribution of polyolefins
produced using this new technology. Gel Permeation Chromatography (GPC) can provide a rapid
method for the determination of polymer molecular weight distribution. In the case of polyolefins,
the analysis must be carried out at high temperature using aggressive solvents in order to achieve and
maintain stable dilute solutions. Specialist high temperature GPC equipment encompassing specific
design requirements must be used in order to perform this. type of analysis successfully and
reproducibly. The advent of molecular weight sensitive detectors (light scattering and viscometry)
for GPC has provided the potential for more accurate determinations of molecular weight
distribution as well as some indication of other polymer properties such as branching. Further
compositional information can be obtained by the combination of GPC with spectroscopic
techniques and FTIR has proved to be particularly useful in the analysis of polyolefins.

This presentation will give an overview of the application of high temperature GPC to the
characterization of polyolefins. The basic requirements and limitations of the technique will be

discussed and the benefits of multiple detection will be illustrated.

Polyethylene Analysis by GPC with Multiple Detection

-
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Tear Resistance of Polyethylene Films

Francis M. Mirabella
Millennium Petrochemical, Inc., Process Research Center, 8935 Tabler Road, Morris, IL 60450

The typical patterns of MD and TD tear strength are described for commercial polyethylene blown
films. A model which is used to rationalize the tearing behavior of polyethylenes, based on tie-
chains between crystal lamallea and the percent crystallinity, is presented. The tie-chains are
assumed to be the objects resisting tearing. This model is successfully used to rationalize the typical
patterns of tear strength for commercial polyethylene resins. These patterns include the absolute
magnitudes of the MD and TD tear strength of blown films of HDPE, LLDPE and LDPE resins. It
also includes the patterns observed for the ratio of\l,he MD/TD tear strength for these resins.

The anomalous tearing behavior of LDPE blown films is discussed. It is shown that the tear path in
the MD tear strength test of LDPE blown films deviates from the MD direction. This “angle-
tearing” behavior of LDPE blown films is shown to be due to a change in the mechanism of the test
from tearing to tensile deformation. The change in mechanism is ascribed to an initial deformation of
the film in the vicinity of the crack into a plane perpendicular to the plane of the film specimen.

The valued of MD/TD tear ratio of 1 to 2, typically observed for LDPE blown films, are shown to
be due to the angle-tearing of the LDPE films during the MD tear test, giving rise to much higher
MD tear strength in the test than if the crack proceeds along the MD direction. It is shown that for
straight tearing along the MD, the MD/TD ratio was about 0.6 for LDPE blown films, as was
expected for LDPE, which has similar crystal structure as LLDPE. The MD/TD ratio is about 0.5

for LLDPE.

A small-scale test employing 2 mil compression molded films for predicting the total (MD+TD)
tear strength of blown films has been developed. The method requires only about 20 g. of resin for
the test. The small-scale test is sown to predict the total (MD+TD) tear strength in generally
excellent agreement with blown film data. The results of this small-scale test are explained with the
model used to rationalize the tearing behavior.
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EPDM Production in Union Carbide Gas Phase Process

K.J. Cann, J.W. Nicoletti, and X. Bai

Union Carbide, Brook Technical Center, P.O. Box 670, Bound Brook, NJ, 08805
F.D. Hussein, K.H. Lee, and D.P. Zilker

Union Carbide, South Charleston Technical Center

Gas phase technology developed by Union Carbide Corporation (UCC) over the last twenty five
years has led to low cost, safe, environmentally advanced commercial processes for the
polymerization of olefins. This technology was first applied to the production of ethylene homo
and copolymers, then to propylene polymers. EPR polymers are now in the process of being
commercialized in the Union Carbide gas phase fluid bed process. A number of challenges have
been overcome to develop this technology. Because the sintering temperature of EPDM is below
the reaction temperature required for economical gas phase operation, flow aids are added to prevent
particle agglomeration and loss of fluidization. Vanadium catalysts have been tailored to produce
either amorphous’ or semicrystalline’ EPM and EPDM depending on the choice of vanadium
procatalyst, cocatalyst and organohalide promoters as well as reaction conditions. The amorphous
EPDM resin produced in the gas phase is a homogeneous terpolymer which possesses equivalent
performance with rubbers made in commercial solution/shurry processes. This is the first time that a
homogeneous vanadium catalyst has demonstrated continuous operation in gas phase environment.
The EPDM polymers made by this process are in a unique free-flowing granular form that do not
require baling. This unique granular form leads to substantial reduction in mixing times during
polymer processing. '

1) US Patent no. 5,342,907 (August 1994)
2) US Patent no. 4,508,842 (April 1985)

“Advances in Polyolefins” Workshop, Napa, California; Fall, 1997 18




Fracture Resistance and Long-Term Durability in Polyethylene Film and Pipe
Materials '

Walter Bradley
Dept. of Mechanical Engineering, Texas A&M University, College Station, TX 77843-3123

Fracture toughness and tear resistance are critical mechanical properties for many applications of
polyethylene, such as pipe and blown film. The goal of this presentation is to overview various
approaches to study the fracture resistance of polyethylene for different applications. Three
examples of research based on a fracture mechanics approach to fracture resistance will be reviewed,
each illustrating an important performance issues in the utilization of polyethylene in various
markets. In the first example, a J-integral approach to measure the tear resistance of polyethylene
film is being used to evaluate new grades of polyethylene film resins, with a comparison with the
Elmendorf tear test included in this study. Long-term durability as inferred from a pipe resin's
resistance to slow, time-dependent crack growth will be presented as a second example. A third
example will outline an approach to the study of the effects of hot water with chlorine on the
lifetime of pressurized water pipe. All of these illustrations are works in progress, so the approach
with some data will be presented, but not final conclusions.
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Spectra® ECPE Fiber Applications

Raymond H. Glaser
Riber Technology, Allied Signal, Inc., P.O. Box 31, Petersburg, VA 23804.

An introduction will be given to Extended Chain PolyEthylene (ECPE) fiber applications. A
schematic of the gel spinning process will be reviewed along with a summary of performance
characteristics that drive the end uses of ECPE fibers. End use applications such as ballistic body
armor, ropes & cordage, sailcloth and cut resistant gloves will be presented with examples of each

given.
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Synthesis and Reactivity of Pehtaﬂuorophenyl-Substituted Metallocene
Olefin Polymerization Catalysts

Paul A. Deck
Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, Virginia,

24061-0212.

The results of countless structure-reactivity studies suggest that electron-rich ancillary ligands
increase the relative activity of Group 4 metallocene olefin polymerization catalysts, although
trends in molecular weight (distribution) and other aspects of polyolefin microstructure are not as
clear. Further understanding of these electronic substituent effects would be facilitated by ready
synthetic access to metallocenes with widely-varied native electrophilicities, especially those
derived from electron-deficient ligands, which remain sparsely investigated.

In response to this challenge, our laboratory developed a general method for attaching pentafluoro
phenyl (C4Fs) substituents to the ancillary ligands of metallocenes and related
cyclopentadienylmetal complexes. The C¢Fs group is highly electron-withdrawing, as demonstrated
by electrochemical and infrared spectroscopic analyses of substituted ferrocenes and CpRe(CO)3
complexes, respectively. An important feature of the C4Fs substituent is its low reactivity toward
react toward strong electrophiles. The metallocenium complex shown was isolated and fully
characterized, and no zirconium-fluorine interactions were detectable by F NMR at -80°C.

CeF's

r..\\\\H3CB(C6FS)3
“ex,

CeF's
This seminar summarizes our efforts to prepare other pentafluorophenyl-substituted metallocene

derivatives and to explore the effects of the C¢Fs group on structure-activity aspects of olefin
polymerization catalysis. '
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Sequence Distributions vs. Catalyst Site Behavior of In Situ Blends of
Polypropylene and Poly(ethylene-co-propylene)

James C. Randall
Baytown Polymers Center, Exxon Chemical Company, 5200 Bayway Drive, P. O. Box 5200,

Baytown, TX 77522-5200

A sequential homopolymerization of propylene followed by a down stream
ethylene/propylene copolymerization (1), leads to a family of in situ blended thermoplastic olefins
called high impact polypropylenes, which are finding increasing applications in the consumer,
appliance and automotive industries. These in situ blends consist of a polypropylene homopolymer
matrix with the lesser amounts of immiscible ethylene propylene copolymer components existing
typically as small, globular particles dispersed throughout the homopolymer matrix (1,2).
Improvements in impact properties of the in situ produced blend, as compared to the homopolymer,
are related to the Tg of the copolymer, the amount, molecular weight and the copolymer dispersed
phase size, which are, in turn, related to the average composition and the compositional distribution
of the ethylene/propylene copolymer (3).

A precise understanding of the structure/property relationships among these high impact
polypropylenes (ICPs) depends upon a detailed knowledge of the structure of the in situ blend,
which consists of four basic components: isotactic polypropylene, atactic polypropylene, a
crystalline ethylene/propylene copolymer and an amorphous ethylene/propylene copolymer (4).
Required information for structure/property relationships are the weight % isotactic polypropylene
and its stereoregularity, the weight % atactic polypropylene, the weight % amorphous E/P and its
composition and finally, the weight % crystalline E/P and its composition.

A combined '*C NMR/xylene solvent fractionation method was used to determine the
compositional distributions of a series of high impact polypropylenes in terms of the above four
basic components and respective individual component compositions. A high impact
polypropylene is first separated into crystalline and amorphous fractions utilizing the well known
solubility and crystallization behavior of these thermoplastic olefins in xylene(5). Both the xylene
insoluble fraction, which contains isotactic polypropylene and a crystalline E/P copolymer, and the
xylene soluble fraction, which contains atactic polypropylene and an amorphous E/P copolymer,
were deconvoluted into their respective amounts and individual compositions utilizing BCNMR
sequencing data and Markovian statistics. Complete copolymer triad sequence distributions, free of
the [PPP] homopolymer contributions, were obtained for both types of E/P copolymer
components. The isotactic and atactic homopolymer components were also characterized according
to their individual levels of tacticity.

The E/P triad information for both copolymers, which was retrieved from the deconvolution
procedure, can be used to determine an apparent reactivity ratio product, r;r, which in turn leads to
information concerning the catalytic source and compositional distributions of the two types of
copolymer components (6-9).

rir, == 4[EE][PP)/[EP + PE]’ = [Pep][Pee)/[Per](Pre] M
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The apparent rir, behaviors suggest that the amorphous and crystalline E/P copolymers likely arise
from different types of catalyst sites. The amorphous copolymers consistently have rir, values
close to unity over a broad range of compositions while the corresponding crystalline copolymers
have apparent rjr, values that range from 2 to over 20. The apparent ryr, values close to unity reflect
narrow compositional distributions and random sequence distributions. The rjr, values well above
unity reflect either a mixture of random copolymers over a broad range of compositions or else more
narrow compositional distributions with “blocky” sequence distributions. The former interpretation
is preferred because of the close fits obtained for the crystalline E/P triad distributions with the
Coleman-Fox two state model (10). Finally, the ratio of amorphous to crystalline E/P copolymers
may reflect the ratio of the types of catalyst sites from which they originated. A nominal 80/20
distribution was observed over a broad range of ethylene compositions

There appears to be corresponding behaviors between the isotactic polypropylenes and the E/P
copolymers produced by the same high activity magnesium chloride supported catalyst system.
The more abundant catalyst sites that produce asymmetric isotactic polypropylene chains behave
similarly to the sites that produce the downstream more abundant amorphous E/P copolymers. The
sites that produce the symmetric atactic and moderately crystalline polypropylene chains have an
apparent rir, well over unity, as do also the crystalline E/P copolymers. In both of the latter cases,
the high apparent rjr,s are considered to be caused by broad compositional distributions. An
apparent rir, close to unity not only reflects random sequencing but also reflects a narrow
compositional distribution. Both the highly stereoregular isotactic polypropylene chains produced
from enantiomorphic catalyst sites and the amorphous E/P copolymers had apparent rir;s close to
unity.

REFERENCES :

1. Ser van der Van; Polypropylene and Other Polyolefins; Elsevier Science Publishers B. V.,
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Advantaged Polyethylene Product Design For Technology Licensing

George N. Foster, J. LaMonte Adams, Robert H. Vogel, Scott H. Wasserman
Univation Technologies, P. O. Box 670, Bound Brook, NJ 08805-0670

Exxpol® metallpcene and other emerging catalyst systems adapted to the Unipol® PE
process (gas phase polymerization) provide a demonstrated pathway for advantaged polyethylene
product design. Distributed polymer structure is engineered to control the bivariant distribution of
molecular weight and branching (or composition), facilitating product design leading to accelerated
product development and commercialization. State-of-the art polymer structure and materials
rheology measurements yield property descriptors for the sensitive measurement and control of
distributed polymer structure of mLPPE.

The result is low-cost, high-performance mLPPE products engineered to meet specific needs
of our licensees and their regional customers targeted for commodity film, molding and coating
applications. Specifically, three classes of mLPPE for expanding global markets are described:

1) Type I mLLDPE has narrow molecular weight distribution (MWD), narrow composition
distribution (CD), with no long chain branching (LCB) to give maximum toughness with
clarity;

2) Type II mLLDPE has broader MWD, narrow to moderate CD and little or no LCB to
provide processing ease of Z-N LLDPE to Z-N LLDPE / HP-LDPE blends combined
with superior toughness and high clarity; and

3) Type LI mLDPE has narrow to broad MWD, narrow CD with controlled levels of LCB

to provide processing ease equivalent to HP-LDPE but with enhanced mechanical
properties.

Such advantaged mLLDPE and mLDPE products possess improved processing ease
combined with enhanced toughness, improved heat sealing and/or excellent optical properties.

“Advances in Polyolefins” Workshop, Napa, California; Fall, 1997 25




New Developments in the Characterizétion of Phase Morphology and Melting
in Low to Very Low Density Metallocene Ethylene Copolymers Using WAXD

and SAXS .

Kenneth Monar and Paul J. Phillips
Department of Materials Science and Engineering, The University of Tennessee, Knoxville, TN

37996-2200

Crystallinity reduction is especially rapid with increasing comonomer in ethylene copolymers since
crystal polymorphism is not prominent. As such, the relative quantity of the non-crystalline
component is increased. This poses significant challenges to characterization as many techniques
rely on the presence of crystals. Because many physical properties depend largely on the nature
and quantity of the amorphous state, we have sought to better characterize this using waxd and saxs.
Modeling of the amorphous halo scattering has permitted the elucidation of a increasing proportion
of a monoclinic phase (mcp), and that the mep is connected with annealing of the original
orthorhombic crystals. The complete phase morphology is determined by saxs using porod regime
parameters, real and reciprocal space modeling, and the invariant. Details of the crystals and their
surfaces are used to model the very low melting points and provide insight into the morphological
transition in terms of solidification mechanisms.
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Characterization of Methylaluminoxanes and Determination of
Trimethylaluminum by Proton NMR

Donald W. Imhoff
Albemarle Corporation, Research and Development, P.O. Box 341, Baton Rouge, Louisiana 70821

Methylaluminoxanes (MAO) is an important co-catalyst for the polymerization of olefins. Despite
the commercial importance of MAO and the considerable efforts directed at its characterization the
structure remains unclear. Techniques which begin to help in the characterization of
methylaluminoxanes (MAO) in toluene will be discussed. Rapid and precise proton NMR
techniques provide useful information in regards to residual trimethylaluminum in MAO as well as
insight into the number of methyl groups on aluminum in the MAO structure. The NMR spectral
data, when coupled to the classical chemical analysis of aluminum, gives information which allows
one to evaluate various MAO samples on a routine bases and provides an analytical tool suitable for

quality control.
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Surface Observation of Ziegler Catalysts for the Characterization of the
States of Titanium Species

Hideharu Mori
School of Materials Science, Japan Advanced Institute of Science and Technology, Asahidai 1-1,

Tatsunokuchi, Ishikawa 923-12, Japan

The objective of this work is to achieve basic understandings of the states of titanium species
on MgCl,-supported Ziegler catalysts. High performance surface ahalytical equipment, such as
scanning Auger electron microscopy (SAM), X-ray photoelectron spectroscopy (XPS), high
resolution transmission electron microscope (HRTEM) were applied for the purpose.

The SAM measurement revealed the chemical composition, morphology, and distribution of
titanium on the surface of the catalysts. It was demonstrated that the titanium existed unevenly on
the surface of the MgCl,-supported Ziegler catalysts used in this study. The analysis also showed
that the catalyst preparation method had the great influence on the distribution of titanium species.
The XPS was used to analyze the oxidation states of titanium species on the catalysts by means of
the chemical shift value and full width at half maximum intensity ( FWHM ) of Ti;p3/2 peak. The
binding energy shifted to the lower side and the FWHM increased after the treatment with co-
catalyst, indicating that the oxidative states of titanium speciés on the catalysts were changed by the
reaction with co-catalyst. TiCl, layer on the various MgCl, planes as well as the surface of TiCl,
were observed directly by HRTEM observation. The information obtained by the surface analyses
was combined with the results of olefin polymerization including kinetic study to estimate the
explicit relationship between the states of titanium species and the polymerization behavior.
Models of the catalyst particles obtained by different catalyst preparation method could be
proposed from the results of XPS measurements, SAM observation, and polymerization behaviors.
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Non-Metallocene Catalysts for the Copolymerization of Ethylene with Styrene

Jun Okuda : :
Institut fuer Anorganische Chemi und Analytische Chemie, Johannes Gutenberg-Universitaet, J.-J.-

Becher-Weg 24, D-55099 Mainz, Germany

Efficient copolymerization of ethylene with styrene became possible when MAO activated titanium
catalysts based on linked amido-cyclopentadienyl ligands ("Dow/Exxon catalysts") were introduced.
We have examined several titanium catalysts of this type with different cyclopentadienyl and amido
substituents and noticed a strong dependence of the catalysts structure on both efficiency and
styrene incorporation. Catalysts based on titanium complexes with chelating bis(phenolato) ligands,
first introduced by Kakugo et al. at Sumitomo, were also studied in order to establish a structure-
activity relationship. Catalyst activity increased with decreasing styrene incorporation and was
most significantly affected by the type of the bridging group connecting the two phenolato moieties.
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Key Developments that Influenced Polypropylenes Growth in Textile Products

Richard G. Mansfield :
Richard G. Mansfield and Associates, Wilton, CT

The last 30 years have seen the continuing growth of polyolefins and particularly polypropylene
throughout the textile industry. Much of the success of polypropylene in textiles is the ability to
use the resin in a wide range of physical forms to produce versatile textile and textile-related
products. In this presentation, we will discuss how the imprcvements in resin properties, additives
and processing methods and favorable economics have allowed polypropylene to penetrate and
develop textile markets.

Two of the major textile areas where polypropylene has had major growth are the carpet business
and the nonwovens business. The nonwovens segment of the industry continues to grow at over

6% per year in the United States and is growing at even a faster rate in other countries.

We will discuss how the developments of some key products have influenced the growth of
polypropylene in textile end uses.

“Indoor/Outdoor” Carpeting — First Successful Consumer Product of Polypropylene Fibers
Tufted Carpet Backing Fabric

Needlepunched Polypropylene Carpet Backing

E.I.DuPont de Nemours & Co., Inc. Typar® for Carpet Backing

Amoco’s Woven Carpet Backing

BCF Polypropylene in Carpets and Rugs
Reasons for Success

Spunbonded Polyolefins

Exxon’s Melt Blowing Process
Kimberly-Clark’s SMS Product

Future Challenges for Polypropylene
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Synthesis, Structure, and Reactivity of Distally Double-Strapped Group 4

Metallocenophanes
Paul A. Deck, Travis S. Fisher, and Huaiying Kang
Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, VA

24061-0212

Boron-silicon exchange reactions of trimethylsilyl-substituted group 4 metallocene dichlorides afford
the corresponding bromodimethylsilyl-substituted metallocene dibromides selectively and in high
yield. This poster presents our use of these uniquely polyfunctionalized metallocenes to construct
new metallocenophane architectures as shown below and the potential applications of these
synthetic methods and complexes in metallocene-catalyzed olefin polymerization.
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Structure and Reactivity of Chiral Constrained-Geometry Olefin

Polymerization Catalysts
Paul A. Deck, Kumudini C. Jayaratne, and Gregory W. Nyce
Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, VA

24061-0212.

Starting from readily available homochiral amines, we have synthesized a series of group 4 (M = Ti,
Zr) ansa-amido ("constrained-geometry") complexes bearing four different chiral auxiliaries
(phenethyl, perhydrophenethyl, menthyl, and bornyl) at the amido nitrogen. The complexes with
R* = menthyl and M = Ti and Zr were examined by single-crystal x-ray diffraction, and in the solid
state, both show significant lateral asymmetry in the steric environment of the inner coordination
sphere. This poster presents the synthesis, characterization, and structural analysis of chiral
constrained-geometry complexes along with the results of preliminary olefin polymerization studies.
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Trilene Liquid Polymers - An Innovation in Polymer Technology

Anthony J. DiMaio
Uniroyal Chemical Co., Middlebury, CT 06749

Trilene is a novel, proprietary low molecular weight EP or EPDM copolymer which has application
in a number of areas in the lubricants, rubber and plastics industries. The features, performance
characteristics and processing advantages of Trilene will be presented as it relates to TPO/TPE and

plastics applications.

Chemistry Modeling Applied To Metallocene Catalysis

A.B. Emst, J.T. Golab, E.J. Moore, and M.A. Pietsch, and A. Rappe

Amoco Research Center, 150 West Warrenville Road, Naperville, Iilinois 60563 and
Colorado State University, Fort Collins, Colorado 80523

The recent discovery of unique, single site, dual state metallocene catalysts that produce
polypropylene blocks of alternating stereochemical sequences, has stimulated the desire to
understand this chemistry so that polymer microstructure and thereby polymer properties can be
controlled through rational catalyst design. Computational chemistry techniques complement
information that can be obtained by experiment. Modeling is particularly effective when the data
required are either very expensive or technically challenging to obtain through traditional routes.
Using calculational models to help guide fundamental experimental research, we have calculated the
ground state energies of the rac and meso isomers of various metallocene catalytic systems using
several different computational chemistry techniques, such as molecular mechanics, density
functional, and self-consistent field theory. Assuming that the isomeric energy difference is directly
proportional to the equilibrium constant for state switching, we have made predictions of the final
polymer microstructure as a function of ligand type. Our calculational results compare very well
with experimental evidence. o

Anionic Polymerization of Optically Active Oxiranes

Howard Haubenstock
The College of Staten Island, 2800 Victory Blvd, SINY 10314

Optically active oxiranes were prepared from L-ascorbic acid and D-isoascorbic acid. These
were studied as monomers in anionic bulk polymerization. Molecular weights, optical activity
measurements, and carbon and proton NMR spectra of the resulting products are reported. Spectral
assignments were made by the use of several 1D and 2D NMR techniques.
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Calorimetric Investigation Of Ethylene Polymerizations

H. Wigum and L. Henriksen

SINFEF Applied Chemistry, Sem saelands vel 24, 7034 T rondheim, Norway

Ethylene and hexene have been polymerized in a 2L reaction calorimeter. Reactions have been
carried out with a metallocene/MAO catalyst system at various monomer concentrations.

{

Mechanistic Aspects on Blood-Contacting Properties of Polypropylene

Surfaces

N. Kawamoto*, H. Mori, N. Yui, M. Terano

Japan Advanced Institute of Science and Technology (JAIST), 1-1 Asahidai, Tatsunokuchi, Ishikawa
923-12, Japan '
*Delegated from Chisso Corporation, Japan. 2-7-3 Marunouchi, Chiyoda,

Tokyo 100, Japan.

Polypropylene surfaces with a particular crystalline-amorphous microstructure have been
demonstrated to reduce protein adsorption and contact-induced platelet activation. Such blood-
contacting properties may be affected by the crystalline-amorphous microstructure of the surfaces,
although wettability of such as dynamic contact angles and surface free energy components were
almost constant, being independent from the variation in the microstructure. In order to clarify the
mechanistic aspects on their blood-contacting properties, the physicochemical properties of the
surfaces were evaluated for a series of compression-molded polypropylene sheets in terms of the
work of adhesion and the structure of sorbed water. The work of adhesion of the compression-
molded sheets increased with decreasing surface layer crystallinity, presumably due to
macromolecular entanglement with a polymeric glue used. The work of adhesion involving
macromolecular entanglement may occur between proteins and the surfaces. Thus, a decrease in the
surface layer crystallinity is considered to cause an increase in the protein adsorption. The structure
of water sorbed into the sheets was changed to be more gaseous at the surfaces with higher
crystallinities. More gaseous-water on the surfaces has been believed to increase protein adsorption
and denaturation. Thus, it is considered that both macromolecular entanglement and hydrophobic
interaction are important on the mechanistic aspects of blood-contacting properties of
polypropylene surfaces. In order to clarify this hypothesis, the evaluation of the physicochemical
properties and blood-contacting properties was also performed on a series of uni-axially drawn
polypropylene films. A decrease in the work of adhesion and an increase in the hydration
interaction energy at the surfaces was observed with increasing draw ratio, and the protein
adsorption and platelet activation were effectively prevented with increasing draw ratio. This result
supports our suggestion. Therefore, it is considered that the excellent blood-contacting properties
of polypropylene surfaces can be achieved by reducing the macromolecular entanglement and the
hydrophobic interaction with proteins.
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DSM’s LOVACAT Homogeneous Catalyst System for High Temperature
Solution (co-) Polymerizations

M. Kranenburg, G.J.M. Gruter
DSM Research, Dept. PO-PC, PO Box I8, 61 60 MD Geleen, The Netherlands,

After screening some metallocenes DSM started a project on the development of new, proprietary,
homogeneous catalysts (DSM-name: LOVACAT). This development was focused on solution
polymerizations, as DSM has its own solution process technology, as DSM has its own solution
process technology for the production of EP(D)M and HD/LLDPE. When running solution
polymerizations, high reactor temperatures in combination with high monomer conversions offer
advantages. Therefore, the target of our project was the development of homogeneous catalysts for
the production of ethylene/alpha-olefin copolymers in high temperature solution polymerizations.
Basis of the LOVACAT catalysts is the chelating mo?oanionic ligand having at least one neutral
electron donating group connected (bridged) to the anionic moiety in combination with a transition
metal of groups 4 - 6 in a reduced oxidation state. These complexes can be used as catalyst with
cocatalysts like MAO, borates and aluminum alkyls. Some examples of catalysts and results of
some batch and continuous polymerization data will be given. All catalysts presented are based on
Ti(III) as the metal and substituted cyclopentadienyls as the anionic moiety. It will be
demonstrated that even with these parameters fixed, the behavior of the catalyst can be influenced
dramatically by variation of other parameters. It will be shown that the molecular weight capability
of these new catalysts is extremely good.

Determining Olefin Polymerization Kinetic Behavior for New Catalysts

W. Harmon Ray

Dept. of Chemical Engineering, University of Wisconsin, 1415 Engineering Drive, Madison, W1
53706-1691

Once new catalysts have been shown to make interesting products at adequate yields, then it is
necessary to decide the type of reactor and appropriate operating conditions for polymer
production. This requires detailed kinetic studies of the catalyst over a range of operating
conditions (temperature, monomer composition, chain transfer agent, pressure, residence time, etc.)
in order to determine kinetic parameters. The key parameters required include activation and
deactivation rate constants, propagation and chain transfer constants, reactivity ratios, etc. There
are other issues such as particle morphology, temperature stability of the polymer particle, etc. that
must also be settled before scale-up is complete. In this poster, several small-scale reactor systems
are described for determining catalyst kinetic and particle morphology behavior. Specific
experimental designs for determination of the important rate constants are described and illustrated
by examples, which include Ziegler-Natta catalysts for ethylene copolymerization, Ziegler-Natta
catalysts for impact polypropylene, and metallocene catalysts for ethylene copolymerization.
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Synthesis Of Polypropylene-Block-Poly(Ethylene-Co-Propylene) By Short-
Period Polymerization With Mgcl,-Supported Ziegler Catalyst

Mikio Yamahiro, Hideharu Mori, Koh-hei Nitta, Minoru Terano

School of Materials Science, Japan Advanced Institute of Science and Technology, 1-1 Aahidai,
Tatsunokuchi, Ishikawa 923-12 JAPAN

The commercial PP can be usually divided into three gradeé, that is homopolymer, random
copolymer, and block-type copolymer. Among them, block-type copolymer increases its
importance because of the high performance. It should be noted that poly(ethylene-co-propylene)
(EPR) is not chemically linked with PP in the block-type copolymer. The block-type copolymer is
regarded as a complicated composite of PP, EPR, and Polyethylene (PE) owing to the rapid chain
transfer reaction. The synthesis of the exact block copolymer is impossible by the industrial
polymerization process. In this study, the stopped-flow method was successfully improved to
apply for the synthesis of novel and exact olefin block copolymer, polypropylene-block-
poly(ethylene-co-propylene) (PP-block-EPR) with MgCl,-supported Ziegler catalyst. Several
experiments were conducted to demonstrate the formation of a covalent linkage between PP and
EPR in the copolymer obtained.

New Catalysts for 1,2 Syndiotactic Polybutadiene

Giovanni Ricci', Lido Porri®

!Institut de Chimica Delle Macromolecole, Consiglio Nazionale delle cherche Via E. Bassini, 15-
20133 Milano, Italy

2Dipartimento di Chimica Industriale e Ingegneria Chimica, Politecnico di Milano, Piazza Leonardo
da Vinci 32, 20133 Milano, Italy

Catalyst systems based on metals of group VI show some interest for the 1,2 polymerization of
butadiene. Several soluble chromium compounds [Cr(acac);, Cr(CO)spy, Cr(CO)spys,
Cr(CNPh)g]'? give, in combination with Al(C,Hs)s, catalysts able to polymerize butadiene to 1,2
polymers. These consist of an amorphous and a crystalline fraction, the latter having a syndiotactic
or isotactic structure depending on the Al/Cr molar ratio and the aging time of the catalyst.
However, the activity of these systems is rather low. The stereospecificity too is modest, since
only a small fraction of the polymerization product is crystalline by X-ray analysis.

As regards the nature of the active species, the ESR analysxs of the reaction between Al(C,Hs)s
and Cr(acac); has shown that low-valent Cr species are formed ¥

We have now polymerized butadiene and other 1,3-dienes w1th catalyst systems obtained by
combining Cr(II) compounds [CrCl,-(dmpe)) and CrMe,- (dmpe),; dmpe = 1,2-
bis(dimethylphospino)ethane, Me = methyl group] with Al(C,H;s); or methylaluminoxane. These
systems are much more active and stereospecific than the chromium catalysts previously reported.
They give stereoregular polymers with a 1,2 syndiotactic structure from butadiene and cis-1,4
isotactic polymers from (E)-1,3-pentadiene. The higher activity and stereospecificity of these new
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systems is attributable to the fact that all chromium is Cr(II) and to the presence of at least one

phosphine ligand on the metal.
The formation of a polymer with a 1,2 syndiotactic structure from butadiene and a cis-1,4

isotactic structure from (E)-1,3-pentadiene had already been observed with Al(C,Hs);-Ti(OnBu),
45 The results obtained with the chromium catalysts of this work are in agreement with the
interpretation previously reported and confirm its validity ©.
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