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RECENT PROGRESS IN POLYMER/PLASTICS TECHNOLOGY

Smart/Functional Polymers-Polyimides continue to attract significant interest because of their exceptional thermal stability and adaptability to a variety of chromophoric modifications that yield superior NLO activity.

· Drs. D. Burland and R. Miller et al, at IBM Almaden in San Jose have developed heat stable polyimides with superior nonlinear optical (NLO) properties. The electron donating chromophore is a diaryl-substituted amine that is part of the chain backbone. On heating to 310C in an electric field the NLO active units are aligned and remain relatively stable on subsequent heating. The thermal stability allows these materials to be processed into integrated optoelectronic devices at high temperatures. Potential applications include frequency doubling, and high speed optical switching and modulation. (Science, 268, 1604, 1995)
Catalysis: While new breakthroughs continue in metallocene technology, such as tailoring polyolefins to meet customer needs and expanding production capabilities, research progresses in metathesis polymerization, and control of molecular weight distribution via free radical mechanisms.   

· Prof. R. Grubbs and S. Kanaoka at Cal. Tech. in a continued series of advances in living- ring opening metathesis polymerization have recently synthesized narrow distribution, polar, block copolymers of silicon-containing norborene derivatives. These polymers are catalyzed by a ruthenium carbene complex with tricyclohexylphosphene ligands. Previously used early transition metal catalysts could only produce block copolymers with non-polar segments.  Potential applications include photoresists, semiconductors, photoconductors, and NLO materials.  (Macromolecules 28, 4707, 1995)

· Prof. K. Matyjaszewski at Carnegie Mellon has developed a free radical polymerization that yields chains of uniform length and materials with improved properties. In designing this ‘living’ polymerization both termination and chain transfer reactions are eliminated. The free radical is protected from terminating species by a chlorine atom that is transferred to the free radical after each step of chain growth.  The chlorine atom is then removed for the next monomer addition.  A second monomer can then be added to form a block copolymer. The authors demonstrate this catalysis by polymerizing styrene with a-phenethyl chloride as the initiator and the 2,2-bipyridyl complex of cuprous chloride as the atom transfer catalyst. Matyjaszewski suggests that the mechanism is free radical because of the known resulting polystyrene tacticity, and the ability to inhibit the reaction with galvinoxyl-a free radical trap or generator material.  (J. Am. Chem. Soc., 117, 5614, 1995)

· Mobil Chemical in a recent metallocene advance has produced a LLDPE with the toughness of  ‘super hexene’ LLDPE and the high clarity of conventional LDPE.  This could open the very large high clarity packaging market now dominated by HDPE.  They also announced the first commercial gas phase LLDPE/HDPE plant run using Union Carbide licensed Unipol technology.  Metallocene PE is currently made in solution by Dow Plastics and via a high-pressure process by Exxon Chemical who expects to run mPE in a commercial gas phase reactor later this year jointly with Mitsui. (Modern Plastics, 72, 13, 1995).

Polymer Modification: Functionalization and modification techniques are being used successfully in many areas including biopolymer research and applications such as resists and electronic packaging.

· Prof. R. Langer and co-workers at MIT have synthesized functional, biodegradable graft copolymers to provide a means of tailoring their properties via chemical modification.  Properties of interest include cellular response to these polymers such as adhesion and growth. For this purpose they synthesized poly(L-lactic acid-co-L-lysine) comblike graft copolymers by the ring opening polymerization of N-(carbobenzoxy)-L-lysine N-carboxyanhydride from the backbone poly(L-lactic acid-co-Z-L-lysine) where Z is a protecting group. To provide increased concentrations of functional molecules existing backbone lysine groups were employed as initiating sites for the growth of Z protected poly(lysine) side chains.  These sites can be modified by reaction at the e-amine group of the lysine units after deprotection to introduce a variety of functionalities.  Examples include RGD (arginine-glycine-aspartic acid) containing peptide sequences or growth factors to improve polymer-cell interactions. In     addition, these polymers biodegrade after serving their useful purpose into components (lactic acid and lysine) which can be processed by the body.  This paper is an excellent example of the application of polymer modification and functionalization to change molecular structure and properties to serve a most useful purpose.  (Macromolecules, 28, 4736, 1995). 
· Profs. M. Frechet of Cornell and C. Grant Wilson of IBM Almaden (now at U. of Texas) and coworkers, have developed a new family of functionalized polystyrenes that can     undergo base-catalyzed intramolecular side-chain imidization (Macromolecules, 28, 4693, 1995).  Photoactive polymer systems were obtained by mixing, e.g., poly(4-vinylphenyl succinamate) with diamine used as photogenerator, i.e., bis[(2,6-dinitrobenzyl)oxycarbonyl] hexane-1,6-diamine.  The authors discuss imaging of films of these polymer systems and the effect of structure on their reactivity.  Possible application to chemically amplified resists suitable for modern microlithography is considered. 
Alloys & Blends: Recent patents on compatibilization, toughening and novel applications in Xerox copying and faxing, and micro-waveable materials follow, along with two very interesting basic papers by Macosko and coworkers.
· Prof. C. Macosko and U. Sundararaj at the U. of Minnesota have found that in polymer blends there is a limiting dispersed phase particle size at very low concentrations observed for several mixing processes such as batch mixers and twin screw extrusion. A minimum particle size is achieved at a critical shear rate.  For blends without compatibilizer the particle size increases and the distribution broadens with dispersed phase concentration due to coalescence. Both reactive processing or adding pre-made block copolymers suppress coalescence resulting in smaller particle size and narrower particle size distribution. However pre-made block copolymers are not as efficient in stabilizing morphology, as are reactive polymers. The authors suggest that the main advantage of using compatibilizers in polymer blends is the suppression of coalescence achieved through stabilization of the interface, not a reduction of interfacial tension.  (Macromolecules, 28, 2647, 1995).
· Prof. C. Macosko & coworkers at U. of Minnesota In Another Interesting Paper (Int. Polym. Process., 10, 36, 1995) investigated the processing behavior and morphology of non-reactive and reactive nylon/ethylene-propylene rubber blends. The nylon (PA) is a partially aromatic amorphous nylon with amine termination. The rubbery phases are an ethylene-propylene rubber with 0.7% grafted maleic anhydride (EP-MA). The non-reactive PA/ EP blends show poor interfacial adhesion between the two phases. The reactive PA/EPMA blends show excellent adhesion and much smaller dispersed phase domain sizes. The interfacial chemical reaction affects several separate parameters which influence the size of the dispersed phase: the formation of a copolymer at the interface which reduces the interfacial tension; different rheological properties of the modified and unmodified rubbers; the effect of the interfacial reaction on the rheology of the blend; changes in process parameters due to the effect of the interfacial reaction; and reduction in the rate of particle-particle coalescence due to the presence of the copolymer at the interface.             
· “Modified Elastomeric Polypropylene, Its Manufacture and Use As Compatibilizer for Thermoplastics”.  Dirk Leistner et. al. (PCD Polymere Gesellschaft m.b.H.) EP ,653, Feb. 1, 1995. Elastomeric polypropylene (ELPP) modified by grafting with unsaturated monomers, e.g., maleic or (meth)acrylic acid or their derivatives or mixtures of grafted ELPP with isotactic polypropylene grafts with ethylenically unsaturated monomers, are useful as compatibilizers especially for blends of polyolefins with nonolefinic thermoplastic polymers, e.g., polyamide 6, PET polyester, polycarbonates, polystyrene, etc. A typical injection-molding blend was obtained by mixing a maleated ELPP (preparation given) with Daplen BE50 and polyamide 6.  (Chem. Abs. 122:  292445z)
· “Impact-Resistant Styrene Polymer Compositions”.  Akihiko Okada et. al. (Idemitsu Kosan Co.) JP 07 53,815, Feb. 28, 1995. The title compositions with high heat resistance and elongation comprise (A) 95.0-99.9 parts syndiotactic styrene polymers, (B) 0.1-5.0 parts poly(phenylene ether), where A + B = 100 parts, and (C) 1-100 parts rubber.  Thus 760 g syndiotactic polystyrene, 40 g poly(2,6-dimethyl-1,4-phenylene)ether, 200g Kraton G 1651 (hydrogenated styrene-butadiene-styrene block copolymer), 1 g PEP-36 [bis(2,6-ditert-butyl-4-methylphenyl)pentaerythritol diphosphite], and 1 g MARK AO 60 were melt kneaded, pelletized and injection molded to give test pieces with notched Izod impact strength of 24.8 kJ/m2 and elongation of 23.0%. (Chem. Abs. 122: 316175q). 
· “Composite Polyimide-Flouropolymer Tubes Useful As Fixing Belts in Copying and Facsimile Machines”. Toshio Nakajima et. al. (Nitto Denko Corp.) JP 07 09,634 Jan.13, 1995. The title tubes comprise an inner layer of a polyimide and an outer layer of F2CCF2 perflouroalkyl vinyl ether copolymer with melt viscosity (380C) > 100,000 P.  A polyamic acid prepared from pyromellitic dianhydride and 4,4-diaminodiphenyl ether in N-methyl-2-pryrrolidone was applied inside a stainless steel cylinder to give a olyimide tube which was impregnated with an aqueous dispersion containing 50% F2CCF2-perflouro-alkyl vinyl ether copolymer and 16.5% powdered carbon and heated 10 min. at 100C and 5 min. at 400C to give a bilayer tube showing surface resistivity of 2,000,000 ohms/sq. A fixing belt comprising the tube was used in a copying machine, showing good offset property and slight wear after 200,000 copying cycles. (Chem. Abs. 122: 316531c)
· “Transparent Packaging Containers for Microwave Oven Uses.” Yoichiro Inoe et. al. (Kyodo Printing Co., Ltd.) JP 06 345,131 Dec. 20, 1994. Title containers contain bodies prepared from laminates consisting of thermoplastic polyester (A) layers and <20% (based on total laminates) polyarylate (B)/A blend layers containing > 40% B. A laminate consecutively comprising a PET/B (bisphenol-aromatic diacid copolymer) blend, a PET and a PET/B blend layer had a blend layer content of 10% and a B content (in blend) of 55% and was used to make a container showing good vacuum moldability and whitening/deformation resistance at 85C.  (Chem. Abs. 122: 292882q).  

TPE Advances: Technologies involving catalysis, polymer modification, and alloys & blends are leading to new TPE materials to meet market requirements, resulting in a worldwide growth rate exceeding that of other plastics.
· Recent developments in thermoplastic elastomers (TPE’s) are expanding the property   spectrum of these materials. The result is new grades in each major TPE category including olefins, styrenics, urethanes, copolyesters, and polyamides. Among the various developments in TPE technology are: (1) metallocene-catalyzed ethylene copolymers providing better miscibility, dispersibility, and customized properties (2) through reactor modification, placement of the rubber phase within the matrix, and pinpoint grafting of reactive sites allowing higher rubber loadings (to 60%) and improved performance (3) high flow grades via use of high ethylene content copolymers in place of EPDM and high flow grades of PP copolymer in place of PP homopolymer. This allows for optimized processing of large complex, thin-wall molded parts and extrusion of highly filled grades like acoustic barriers (4) Low durometer grades-particularly with styrenics (TPS) and TPU’s where flexibility, softness and ergonomics are needed, e.g., in medical tubing, sportswear, grips, and auto airbags. (5) Alloying, where examples include PVC/TPU blends to improve PVC’s elastomeric properties and performance, and compatibilizers for PP copolymer/S-B block copolymer systems from Enichem Elastomeri.  Metallocene technology is having the biggest impact in TPE’s, TPV and SBS blends (e.g., more flexible, durable blends of SEBS with     Exxon’s Exact metallocene plastomers from GLS Corp.).  Softer TPU grades include Bayer polyether/polyester copolymer technology giving an unplasticized 75A grade.  Finally ‘breathable’ films fill a major market for use as garment liners in textile laminates.  Leading candidate TPE’s are copolyester, copolyamide (PA), and TPU.  Breathability is a function of moisture vapor transmission rate (MVTR) that is a measure of the adsorption-diffusion-desorption process.  New Dupont technology for its Hytrel COPE (a PBT blend) involves improving MVTR by changing the carbon/oxygen ratio of the soft block (polypropylene oxide glycol) to substantially increase water pickup. (Modern Plastics, 72, 70, 1995)
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