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RECENT PROGRESS IN POLYMER/PLASTICS TECHNOLOGY

Catalysis & New Mechanisms -Progress in metallocene technology continues to revolutionize the industry. Various new and improved polymers are being produced worldwide.  New approaches to dendridic macromolecules are leading to polymers with novel properties and a variety of potential applications.    

· The metallocene focus is on specialty polymers until catalyst costs are further reduced through technical advances and economies of scale. These catalysts are transition metal atoms sandwiched between ring structures to form a sterically hindered site.  Properties are being carefully tailored to create new and improved polymers.  Examples include specialty polyethylenes, polypropylenes, EPDM, cyclic olefins, and polystyrenes. Expected 1996 capacities worldwide are 1,002, 675, 198, 7, and 22 million pounds, respectively. Key players are Dow Plastics, Exxon Chemical, Mitsubishi, Hoechst, Mitsui Toatsui, Dow/DuPont, Idemitsu, and others. New polymers under development include tailored terpolymers, and block and graft copolymers.  (A. Thayer, C&EN, Sept. 11, 1995, p.15).    
· Dr. J. Frechet and coworkers at Cornell and IBM Almaden have demonstrated novel approaches to dendrimers and hyper-branched polymers.  These involve either the use of highly functionalized and branched building blocks called ‘hypermonomers’, or simple vinyl monomers (e.g., styrene) in a novel process termed ‘self-condensing vinyl polymerization’. It’s unique feature is a ‘living’ vinyl polymerization in which the growing chains contain an ever-increasing number of branches and ‘living’ reactive sites.  Polymer is formed by a new mechanism that is a combination of polyaddition and polycondensation. The authors have made hyperbranched polyoxazoline and self-condensed styrenic and other AB vinyl monomers.  As a result of their novel properties (e.g., low viscosity, and unique inner environment) dendritic polymers have potential use in adhesives, lubricants, coatings, catalysts, and drug delivery systems.  (PMSE, 73, 271, 1995)
Smart/Functional Polymers-New ‘intelligent materials’ and structures are being developed which respond favorably to changes in temperature, pH, electric, or magnetic fields. Recent progress reported at the fall ACS meeting could have many useful applications with important end uses in diverse industries and human endeavors. 

· Prof. Raul Kopelman and coworkers at U. of Michigan have created biochemical sensors 1000 times finer than a human hair. Fluorescence of intelligent dye molecules is a key aspect of these sensors that employ an optical fiber to convey laser light to a fluorescent indicator immobilized at its tip. When the indicator interacts with analyte molecules near the tip, the wavelength and intensity of emitted light (as seen through a microscope) are changed in a fashion that can be translated into the analyte concentration.  These sensors are made possible by: 1) miniaturization of optical fiber tips (an innovation of Bell Labs), 2) the polymerization process which employs light to control the growth of a tiny polymer plug in the fiber tip where the sensing molecules are located, and 3) development of intelligent dye molecules or enzymes whose fluorescence changes with the concentration of specific species such as oxygen, glucose, calcium, sodium, potassium, or pH.  For example, Kopelman has demonstrated oxygen sensors based on fluorescence quenching of an inorganic ruthenium complex achieving a detection limit 100 times better than a femtomole and a million times better than previously reported.  Since these sensors are more than 10 times smaller than a human cell, they have been able to follow the pH changes in live rat embryos as they develop and as a function of the environment. These sensors should accelerate biomedical studies because they are much faster, cheaper, and more direct in monitoring events in a cell rather than in cultured tissues or live animals. Possible clinical studies include, for example, glucose levels in diabetic patients.Because of their small size the sensor response time is better than 10 milliseconds that is faster than most processes in living cells.  Also, detection limits are as low as a zeptomole compared to a picomole for previous sensors. The sensors contain about 400-1000 sensing molecules and work is underway to measure an even smaller number of analyte molecules. This is indeed a very important advance that has significant potential in medical, communications, transportation, electronics, aerospace, and other fields. (R. Kopelman, ACS Mtg, Aug., 1995).  

· Beth Munoz of Lord Corporation reports of elastomeric composites whose resistance to deformation can be controlled by an external magnetic field. The composites consist of magnetic particles such as iron embedded in a molded elastomeric matrix.  During curing in a strong magnetic field the particles are oriented into chain arrays that are then locked into place when the polymer strands are crosslinked. The composite becomes 60% more resistant to compressive deformation when placed in a magnetic field and the shear modulus increases ten-fold. These materials have many potential applications in devices designed to     isolate or absorb vibrations including noise. Such technology is important for aircraft, automobiles, trains, and machinery because it improves comfort, reliability, and performance.  (PMSE, 73, 561, 1995).
· Tyrone Vigo and coworkers at The Dept. of Agriculture in New Orleans have developed polymeric fabrics that exhibit thermal adaptability and reversible shrinkage. This development resulted from their work to bind polyethylene glycols (PEG) to various natural and synthetic fibrous materials such as cotton, wool, polyester, polyamide and polyolefins. The modified substrates contain crosslinked PEG that impart these ‘intelligent’ properties. Binding is achieved by insitu network polymerization with polyfunctional resins and acid catalysts. The thermal and shape memories are influenced and controlled by the molecular weight of the polyol, crosslink density, curing conditions to affix the polyol, and construction of the fibrous substrate.  The thermal memory allows the fabric to initially cool (by 10-30 degrees) when the temperature rises, and warm up when the temperature drops.  The thermal memory results from hydrogen bonding interactions between neighboring polyol helices attached to the fibers. Applications include: apparel, insulation, automotive interiors and components, thermal sensors, biomedical products for regulation of body temperature, burn therapy, and crop freeze protection. These intelligent materials also shrink (by up to 35%) when wet and then revert to their original dimensions on drying. The mechanism involves the interaction of the solvent with the polyol-fiber matrix. When wet the polymer swells and depending on the arrangement of the fibers the fabric will shrink. Applications include: sensor/actuator systems, micromotors, irrigation control, and pressure and compression devices for industrial and biomedical uses, e.g., pressure bandages which can stop bleeding. (PMSE, 73, 554, 1995).        
Alloys & Blends-Recent activity includes (1) tailoring blend components to provide enhanced property features in higher end polymer blends (e.g., LCP, & PPS) and (2) focusing on random copolymers in controlling polymer-polymer interactions to achieve compatibilization and in optimizing properties.  Also to follow are selected patents on toughening of polyamides, polyesters, and polypropylene blends.  

· Alloys of liquid crystal polymer (LCP) are of current interest because of their superior properties including: flow, barrier characteristics, moisture resistance, and thermal performance. These features make LCP alloys and blends ideal candidates for the high volume food packaging market. Obstacles to overcome include price and processability, e.g., high orientation imparted during processing results in anisotropic film. Example blends include PC/Vectra LCP being developed by Hoechst/Daicel in Japan that offer increased flow and stiffness at reduced cost.  Other new high-end polymer blends include polyetherimide (PEI from GE) with e.g., PPS (from Tosoh Susteel). This is a less costly alternative to LCP for surface mount connectors.  Glass filled grades offer high flow and no flash that overcome these problems in PPS.  Other PPS formulations include PPE/PPS from Dainippon Ink & Chemicals which combines the heat resistance, chemical performance, and flame retardance of PPS, with the lower flash and warp, and high dimensional stability of PPE. It can be soldered at higher temperature than PPS alone. Tosoh Susteel reportedly plans to offer toughened PPS next year for surface mount connectors which can handle reflow solder conditions to 250C for up to 80 sec. GE is reportedly looking into new applications for PC/PBT (e.g., a patented auto door module) as olefin elastomers (TPO) get more of the bumper business. Meanwhile, PC/ABS growth is centered on weight reduction (foam materials) and thinner wall sections (for processability) with applications in e.g., cellular phones, notebook computers, and automotive interiors such as instrument panels.  (J. Grande, Modern Plastics, 72, 70, 1995).
· Prof. D. Paul at U. of Texas has recently emphasized the importance of polymer-polymer interactions in alloys and blends. Development of multi-component polymer systems generally requires careful control of polymer-polymer interactions which are important for achieving useful mechanical properties, optically clear mixtures (miscibility), coupling of impact modifiers to a brittle matrix, and compatibilization of immiscible polymers. Random copolymers offer a powerful tool for achieving the desired results since they permit adjustment of both the intermolecular interactions between the mixture components and the intra-molecular interactions within components. Because of this random copolymers are more often found to be miscible with other polymers than are homopolymers. Paul describes recent advances in the development of theoretical frameworks and experimental techniques for evaluating polymer-polymer interactions. A matrix of monomer unit pair interaction energies is being constructed which is useful for making predictions about interactions and phase behavior in blend systems. (Pure Appl. Chem., 6, 977, 1995).        

· “Polyamide Blends Containing Maleated Syndiotactic 1,2-Polybutadiene Rubber.” Burkhard Koehler et. al. (Bayer A-G) DE 4,326,905 Feb. 16, 1995.  The title compositions contain 60-99% polyamides, 1-40% syndiotactic 1,2-polybutadiene rubber modified with 0.5-10% maleic anhydride (MA) in the melt, and optionally, fillers, reinforcing agents, stabilizers, and flame retardants.  The maleated rubber improves impact resistance of polyamides without significantly decreasing flex-modulus of the blends, and also acts as a compatibilizer in polyamide-polyethylene blends.  For example, extrusion of a mixture of 84% polyamide 6,  5% Lupolen 1810, and 1% rubber obtained by compounding 98.5% RB 830 with 1.5% MA at 180C in an extruder gives a blend having notched impact strength of 12 kJ and flexmodulus of 2400 Mpa.  (Chem. Abs. 123: 85008q).   

· “High Impact Polyester Compositions And Their Manufacture.” Murali Akkapeddi et. al. (Allied Signal) WO 94 22,956, Oct. 13, 1994. The compositions comprise a blend of polyester, an amine functionalized elastomer and a graft-coupling agent selected from polycarbodiimides, difunctional epoxides, and multifunctional epoxides. Kneading 10.4 lbs. PET and 4 lbs. amino ethylene-propylene rubber, adding 1.3 lbs. powdered PET and 0.3 lbs. Poly (2,4,6-triisopropyl-1,3-phenylenecarbodiimide), molding and annealing at 150C for 16 hrs.gave specimens with notched Izod impact strength of 16 and 4 ft.-lb./in.at 25 and -40C, respectively.  (Chem. Abs. 123: 57626w).              
· “Impact And Heat Resistant Polymer Compositions With High Rigidity For Automobile Parts.”  Junichiro Washama et. al. (Showa Denko) JP 06,345,916, Dec. 20, 1994. The compositions contain (A) 10-50% products obtained by grafting 0.02-5% a,b-unsaturated carboxylic acids and/or their anhydrides to polypropylene, (B) 10-15% products obtained by grafting 0.02-5% a,b-unsaturated carboxylic acids and/or their anhydrides to poly(4-methyl-1-pentene), (C) 2-20% soaponified ethylene-vinyl acetate copolymer (soaponification degree > 50%), and (D) 10-40% ethylene propylene rubber (propylene content 10-70%; intrinsic viscosity 2.0-6.0 dL/g).  Thus, maleated polypropylene [prepared from Shoallomer SSA 510 (polypropylene) and 1% maleic anhydride] 22%, maleated poly(4-methyl-1-pentene) (prepared from TPX-MX 002 and 1% maleic anhydride) 42%, soaponified ethylene-vinyl-acetate copolymer (ethylene content 32 mole %; soaponification degree 98%) 6%, and ethylene-propylene rubber (propylene content 20%; intrinsic viscosity 5.8 dL/g) 30% were dry-blended, kneaded, pelletized, and injection molded to give a test piece having notched Izod impact strength at -30C of 8.2 kg-cm/cm, flex modulus 12,000 kg/cm2,  and heat distortion temperature (4.16 kg/cm2) of 135C.  (Chem. Abs. 123: 57603m)
