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RECENT PROGRESS IN POLYMER/PLASTICS TECHNOLOGY

Catalysis-Advances in metallocene technology continue: including scale-up of syndiotactic    high heat polystyrenes and the first production quantities of linear low density polyethylene film  resins.  These developments are expected to have important commercial significance. 

· Dow Plastics in a joint venture with Idemitsu is developing various grades of syndio-tactic polystyrene via proprietary metallocene technology.  Pilot quantities are now available from a Midland, MI pilot plant and an 11 MM lb/yr plant is expected in Japan next year. These crystalline polymers have higher heat resistance than classical amorphous polystyrene and should compete favorably with PBT and high performance nylons in such markets as electrical connectors, and other under the hood electrical automotive components. The polymer shows good processibility, and improved properties such as dimensional stability, heat and chemical resistance, and clarity.  Grades include neat, glass filled, flame retardant, and polymer films.  (Plastics World, Nov. 1995, p. 2).

· Exxon Chemical has produced the first metallocene catalyzed linear low density polyethylene (mLLDPE) called Exceed and using Exxpol Technology to make blown and cast film resins with improved strength (~40%) and toughness (e.g., puncture resistance up by ~50%).   The material has both narrower molecular weight and compositional distributions resulting in improved uniformity.  The film has better clarity, gloss, sealability and lower extractables than conventional LLDPE.  Downgaging and recycle additivity are improved. Applications include: stretch film, trash bags, can liners, shipping sacks, and flexible packaging film.  Potential future applications include: mono- and muti-layer films such as ice bags, frozen food wraps, liquid and dry powder pouches, processed meat packaging, poultry bags, and diaper backsheets.  This represents another in a string of advances via metallocene technology. (Plastics Engineering, 51, 57, 1995)

· Biopolymers-At the recent Pacifichem’95 Congress in Honolulu Prof. P. Dervan of Cal. Tech. reported that DNA recognition is closer to reality.  Basically Dervan and his group have defined a simple chemical code that can recognize almost any designated DNA sequence. Hydrogen bonding is the key to the phenomena and is involved in nature’s DNA recognition-the binding of proteins to DNA which occurs in gene expression.  Dervan and his group find that crescent shaped polyamides composed of N-methylimidazole and N-methylpyrrole amino acids work in concert as anti-parallel dimers to recognize specific DNA sequences containing both adenine/thymine (AT) and guanine/cytosine (GC) base pairs.  An imidazole on one polyamide strand associated with a pyrrolecarboxamide on the other, form hydrogen bonds to a GC base pair.  Conversely, a pyrrole/imidazole combination is specific for a CG base pair.  A pyrrole on one strand of the polyamide dimer matched with a pyrrole on the other will recognize either AT or TA base pairs.  The two polyamide strands have been linked into a single chain that reads one side of the DNA helix and then the other.  New cyclic polyamides can bind very low concentrations (less than nanomolar) of specific DNA sequences.  Dervan reported that using dimers of varying length, sequences of up to nine base pairs can be specifically bound by the polyamides.  Specificity is found to decrease as the polyamides increase in size possibly due to the curvature of longer polyamide chains that can force a mismatch.  Imparting more flexibility to the polyamides by replacing a stiff aromatic ring (pyrrole) with a more flexible amino acid (balanine) improves the binding affinity for nine base pairs by almost ten fold.  Dervan’s group is applying this technology to DNA sequences important in the control of gene expression.  They are creating polyamides that bind to those sequences with high affinity and specificity.  Present efforts are directed towards binding to 12 base pairs at below nanomolar concentrations; research focal points include polyamide synthesis, thermodynamics, specificity, and structure. (P. Zurer, C&EN, Jan. 15, 1996, p. 18).

Smart/Functional Polymers-Newly designed poly(thiophenes) have been developed exhibiting electroluminescent diode emissions across the visible spectrum, and new photorefractive polymer composites for wide band operation have been demonstrated using C60-fullerenes as charge-generation sensitizer, and different second order nonlinear optical chromophores.        

· Dr. O. Inganas and coworkers at Chalmers U. of Technology and U. of Linkoping in Sweden have prepared substituted poly(thiophenes) with optical absorption maxima spanning from 305 to 594 nm. Steric hindrance of side group substituents modifies the dihedral angle between the thiophene rings along the main chain resulting in the color variations. Light-emitting diodes prepared from the polymers have blue, green, orange, red, and near-infrared electroluminescence. Steric hindrance is a structural key to the design of poly(thiophenes) with widely different emissions.  (Macromolecules, 28, 7525, 1995)   

· R. Burzynski et al at Laser Photonics Technology, Inc. in Amherst, NY have developed new photorefractive polymeric composite materials for wide band operation. They consist of an inert polymer matrix (bisphenol A polycarbonate), charge transporting agent (tris-p-tolylamine), charge generation sensitizer (C60-fullerene), and different high band-gap second-order nonlinear chromophores.  Photorefractive four-wave mixing and two-beam coupling experiments were carried out at three wave-lengths 633, 514.5, and 488 nm.  Net two-beam coupling gains were obtained for the Prodan (6-propionyl-2-dimethylaminonaphthaline) containing composite at all three wave-lengths, and for the NPP [N-(4-nitrophenyl)-prolinol] containing composite at 633 and 514.5 nm wave-lengths.  (Pol. Mat. Sci. Eng., 72, 292, 1995).      

Polymer Modification-The increased importance of membrane-based gas separation has encouraged fundamental work on the relationship between polymer structure and gas transport properties. The goal is to identify new materials which are more permeable and more selective and which improve on the relationship of these properties in known polymers.    
· Prof. Don Paul and M.Pixton at U. of Texas have shown that the physical and gas transport properties of polyarylates based on isophthalic acid are significantly affected by the placement and nature of comonomer substituents.  For example, using substituted Bisphenol A comonomer, symmetric and asymmetric replacement of the ortho hydrogens on the phenylene rings results in either an increase or decrease in permeability, respectively.  Substitution by methyl, isopropyl, or bromine substituents was examined relative to group size, symmetry, and polarity.  Incorporation of polar or polarizable groups-which inhibit free volume collapse-appears to simultaneously increase both permeability and selectivity.  Most of the increases in permeability can be related to increases in the diffusion coefficients of the important gases ( e.g., helium, hydrogen, oxygen, nitrogen, methane, and carbon monoxide). Fundamental work should ultimately further the growth and understanding of commercial membrane-based gas separation processes.  (Macromolecules, 28, 8277, 1995)
Alloys & Blends-This continues to be one of the hottest and most important fields of polymer technology. Over the past twenty years more useful products have resulted from research in alloys and blends than any other field of polymers. Only the recent evolution of research in catalysis and the discovery and application of metallocenes has promised as much in the way of progress toward the development of new and useful products. We expect more to be heard from both. 

The 1st ‘Intersociety Polymer Conference’ held in Baltimore last Oct. 8-10, brought together leading international polymer scientists from industry, government and academia in the area of multiphase polymer systems. Subjects addressed included: reactive processing, design of polymer blends, nanocomposites, and recycling.  Key Plenary items follow.

· Prof. Don Paul of U. of Texas discussed ‘Polymer-Polymer Interactions and Blend Compatibilization’ indicating that compatibilization is required because the interaction energy between polymer pairs is usually too high to achieve miscibility.  He reviewed two of the most effective compatibilization techniques: reactive processing and the addition of reactive elastomers, illustrating each method with nylon 6 blends.  

· Prof. Phillipe Teyssie of U. of Liege, Belgium illustrated the use of functional block copolymers as interfacial modifiers.  Examples include the formation of a co-continuous structure in a LDPE/polystyrene blend (80/20) by mixing with 2-5% of a tapered styrene-butadiene block copolymer compatibilizer.  Teyssie also discussed the formation of thin functional polymer films on various substrates such as a styrene/siloxane diblock on polysty rene film, and the electropolymerization of acrylonitrile by radical grafting to form a tough, corrosion resistant thin film (50-100 nm) on a metal surface. 

· In other interesting Plenary’s: Dr. L. Drzal of Michigan State U. reported on “Structure-Property-Processing Relationships for Polymer Interfaces in Fiber Reinforced Materials”, and M. Biddle of MBA Polymers, Berkeley, CA spoke on progress in recycling of commingled polymers from durable goods.                  
Progress in reactive processing technology was a key subject at the recent Pacifichem ‘95 Congress in Honolulu. Advances reported include upgrading polycarbonate (e.g., Tg, toughening), and modified polytetramethylene terephthalate using compatibilizers and       blends.  (S. Stinson, C&EN, Jan. 15, 1996, p. 20)

· Dr. R. Kumpf and coworkers at Bayer reported on a compatibilizer for upgrading polycarbonate Tg by blending it with polyether sulfone. This was achieved by the reaction of bisphenol A with bis(4-fluorophenyl) sulfone and 4-hydroxyphenyl 4-hyroxybenzoate, to form a polyether sulfone block attached to a transesterifiable group, which copolymerizes with polycarbonate to obtain the compatibilizer.  Transesterification is catalyzed by addition of tin (IV) or antimony (III) oxide.  Transesterification and blending reactions are carried out in-situ via reactive processing.

· Dr. Kumpf also described the low temperature toughening of polycarbonate by modification with a polydimethylsiloxane segment.  The polydimethylsiloxane is first copolyesterified with e-hydroxycaproic acid and 4-hydroxyphenyl 4-hydroxybenzoate and then transesterified with the polycarbonate via reactive processing.

· Dr. M. Aritomi of Mitsubishi Chemical discussed forming block copolymer of polytetramethylene terephthalate (PTMT) and poly(2,6-dimethyl phenylene oxide) (PPO) which can compatibilize the upgrading of PTMT via blending with PPO.  The technique makes use of a spiro compound of pentaerythritol and phosphorous acid which reacts with the carboxyl ends of PTMT and the hydroxyl ends of PPO.  Half the chain ends of each are activated. When the modified resins are blended and melt processed the activated end of one polymer reacts with the nonactivated end of the other polymer to form the block copolymer PTMT/PPO and the pentaerythritol moiety is expelled.          

Selected patents follow which involve innovations in: polyphthalamide/PP blends, new TPE compositions with improved compression set, and multi-layer PE/nylon fuel tanks.

· “Polyphthalamide Blends With An Excellent Balance Of Ductility And Rigidity, And Improving Rigidity Of Impact-Modified Polyphthalamide Blends”.  Glenn Desio et. al. (Amoco Corp.) U.S. 5,436,294, July 25, 1995.  Impact modified polyphthalamide resins are improved in ductility and rigidity when blended with polypropylene and a carboxylated polyolefin.  A composition from hexamethylene terephthalamide-isophthalamide-adipamide terpolymer 85, Kraton FG 1901X 7.5, and polypropylene 7.5% showed flexural strength 18.6 kpsi, ultimate tensile strength 9.6 kpsi, elongation at break 54%, and flexural modulus 391 kpsi.  (Chem. Abs. 123: 258872x).      

· “Thermoplastic Elastomer Compositions Having Improved Compression Set”. Tahashi Aryoshi et. al. (Tosoh Corp.) JP 07 76,642, March 20, 1995.  The compositions for wires, cables, mats, hoses, roofing, etc., are obtained by dynamically treating 100 parts ethylene-propylene rubber with propylene polymers 5-50, trimethylolpropene tri(methyl) acrylate (I) 0.5-5, and organic peroxides 0.1-10 parts.  Thus a composition containing Esprene 510A (ethylene-propylene rubber) 100, Tosoh Polypro J 5100A (propylene polymer) 30, Perhexyne 25B 3, I (San Ester TMP 1) 1, and other additives was hot-mixed, sheeted, and compression-molded to give a sheet having compression set 11%. (Chem. Abs. 123: 259515v)
· “Ethylene Polymers And Fuel Tanks Therefrom With Improved Impact Resistance”. Yumito Uehara et. al. (Mitsubishi Kagaku) JP 07,138,322, May 30, 1995.  Title tanks comprise hollow moldings of ethylene polymers containing < 10% C:3-20 a-olefin units with intrinsic viscosity of 2-6 dl/g, density 0.945-0.970 g/cc, zero shear viscosity 20MM-300MM P at 190C, and R (ratio of stress of stretching for 4 sec. to a strain at 0.5 reciprocal sec. to stress of stretching for 2 sec. to a strain at 0.5 reciprocal sec.) 2.5-4.  Thus, ethylene was polymerized in the presence of Mg(OEt)2, Ti(OBu)4, Ti(OBu)4 tetramer, TiCl4, and Et3Al to give polyethylene with IV of 4.3 dl/g, density of 0.961, zero shear viscosity 50MM P, and R of 2.83.  A tank comprising HDPE as the inner layer, a 100 micro-meter maleated HDPE as the adhesive layer, a 100 micro-meter gas-impermeable layer containing nylon 6 and maleated butene-1-ethylene copolymer, a 100 micro-meter maleated HDPE adhesive layer, and a 2600 micro-meter HDPE outer layer showed good impact strength. (Chem. Abs. 123: 288934m)
