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RECENT PROGRESS IN POLYMER/PLASTICS TECHNOLOGY

Smart/Functional Polymers: Liquid crystal display advances are opening important polymer opportunities, including new alignment and compensator films, and polymer stabilized ferroelectrics. These developments are attracting interest from personal organizer, laptop, computer monitor, and television markets. Recent progress in light emitting diode research employs novel electroluminescent devices based on blends of poly(3-alkylthiophene) derivatives and poly(N-vinyl carbazole) with key applications in full color flat panel display.

· M. Schadt at Rolic Ltd. in Basel, J. van Haaren at Philips Res. Labs in Eindhoven, J. Goodby at U. of Hull, England, and others have developed important liquid crystal display (LCD) technology with advances in electro-optical field effects, new materials and manufacturing techniques. Generally, liquid crystal (LC) molecules are long and thin; polar groups give them the right dielectric properties and nonpolar side chains generate the liquid crystal properties, e.g., long-range order. Typically, LCDs use liquid crystal mixtures with about 20 different molecular structures. Modeling is used extensively to develop mixtures for new applications. Key LC parameters used to fit model display operation include viscosity, elasticity, dielectric constant, and optical birefringence. The trend is towards faster, lower viscosity materials that operate at lower voltages over a wider temperature range. Viscosity can frequently be optimized by selecting the best positions for fluorine substitution or alkyl chain length on the two/three phenyl or cyclohexane ring structures generally used. Low viscosity is essential for thin film transistor (TFT) and super-twisted nematic (STN) applications which were developed with the advent of multiplexing so as to obtain sharper switching in displays having large numbers of pixels. A lower elastic constant allows less voltage to be used to move a liquid crystal from one position to another, and dielectric anisotropy that effectively depends on the degree of polarity is one of the factors that determines the voltage required for switching LCs. New techniques under development include:

· (1) control of the bias tilt which is employed to eliminate a patchy appearance in twisted nematic displays; this is achieved by using linear polarized UV light to align the LC molecules (the radiation crosslinks coumarin molecules to form an aligned polymer film on the substrate) and replaces mechanical brushing to control alignment and tilting 

· (2) reduction of viewing angle dependence (e.g., in computer and TV screens) by photoaligning the LC molecules on each substrate of a pixel in opposite directions, or by in-plane switching 

· (3) development of faster displays based on ferroelectric LCs (these are chiral smectic C liquid crystals) which switch ~1000x faster than a normal liquid crystal nematic but are often sensitive to mechanical shock, and 

· (4) improved brightness via cholesteric reflective polarizers which can filter polarized light (due to the helical arrangement of cholesteric LC molecules).  

The latter technology is employed in Transmax optical film from Merck, Ltd (Darmstadt) which reportedly creates a brighter laptop LCD screen allowing manufacturers to use smaller, lighter batteries with significant weight reductions. Weight, size, power consumption, viewing angle and switching speed are all key considerations for the laptop, computer monitor, and television markets.  The monitor market that currently uses cathode ray tubes has several LCD technologies competing for market share.  These technologies include: supertwist, TFT addressed, inplane switching, and ferroelectric LCDs.  There are many opportunities for polymer innovations in the LCD area including polymer stabilized ferroelectrics, alignment and compensation films (e.g., polyimides, polyamides), and optical processing applications of polymer dispersed LC thin films (O. Francescangeli et al, MCLC Comm., 1, 1996, p 14), such as optic memory elements, binary data transmission devices, and optical switches for fiber interconnects.  (M. Freemantle, C&EN, Dec. 16, 1996 p. 33). 

· Jiang and coworkers at Tsinghua Univ. in Beijing have demonstrated novel electro-     luminescent devices based on poly(3-alkylthiophene) blended with poly(N-vinyl carbazole). In recent years, light-emitting diodes fabricated with organic molecules and conjugated polymers have attracted much attention due to such important uses such as full color flat panel displays.  Among the conjugated polymers employed in polymer light-emitting diodes (LED’s), poly(p-phenylene vinylene)s (PPV), poly(N-vinyl carbazole) (PVK) and poly(3-alkylthiophene)s (P3AT) were studied most widely.  PPV, and PVK are good emissive polymers as well as hole-transport materials.  P3AT with its good solubility and chemical stability is also a promising candidate material for the emitting layer.  In addition, the properties of P3AT can easily be changed by the size of its side chain groups.  Jiang et al report synthesizing such a new kind of P3AT and fabricating multilayer LEDs based on blends of this polymer with PVK.  They discuss I-V characteristics and electroluminescent spectroscopic measurements made on these materials. (Proc. SPIE - Int. Soc. Opt. Eng., 2892, 269, 1996).           
Catalysis: Nova Chemicals has developed new Ziegler-Natta catalysts for its SclairTech multi-reactor system for making octene-copolymer, linear low density polyethylene (LLDPE). These polymers reportedly outperform metallocene PE above a density of  0.905 g/cc. 
· This modification of the Sclair process acquired from DuPont is scheduled for commercial start-up (770 million lb/year) in the year 2000.  The LLDPE products are targeted at specialty and commodity grades.  Applications include thin-walled injection moldings, specialty modified films for meat packaging, coatings, and tapes.  Although this process can use metallocene catalysts, Nova plans instead to employ a new advanced, high efficiency Ziegler-Natta catalyst to make a bimodal material with a relatively narrow molecular weight distribution eliminating both very short and very long molecular weight tails.  This achieves a combination of improved toughness and optics that matches metallocene LLDPE properties except Dart impact toughness.  The approach is to produce catalysts that will provide the slow puncture toughness and optical properties of metallocene-catalyzed polymers and with improved processibility.  (J. Schut, Plastics World, Jan. 1997, p. 8).
Alloys & Blends: Many of the recent automotive applications of plastic materials employ alloys & blends and/or engineering resin and composite technologies that are tailored to specific requirements. The use of plastics in automotive has come a long way, from the simple Plexiglas tail light lens of the 1946 Chrysler Windsor, to the six layer composite EVOH type-barrier fuel tank of the 1995 Jeep Cherokee. We expect it to go a lot further. 

· The nineties has seen a continued use of plastics in automobiles. The 1990 Saturn featured PC/ABS door skins, PPO/nylon fenders and rear quarter panels, and TPO bumper fascia. In 1991, BMW’s 525i was equipped with a glass-reinforced nylon air intake manifold as was GM’s 1992 3800 V-6 high production engine. 1993 saw PET thermoplastic polyester used for the front fenders of three Chrysler LH cars, broadening applications of ovenable thermoplastics for body panels. That year, Nylon radiator end caps were used on 90% of U.S. car production. In 1994, the Buick Roadmaster employed the first all plastic instrument panel with its four major components injection molded from Dow’s glass-filled PC/ABS. Ford and Lincoln cars used acetal in place of forged steel in the suspension system linkage, and nylon intake manifolds for Chrysler Neon cars was the first North American volume application for the fusible-alloy lost-core process.  Some of the other key landmark applications include the etched, platable ABS grille developed by Borg Warner, the honeycomb energy absorbing EVA injection molded foam bumper (by GM’s former Guide Division), DuPont’s Zytel nylon 66 air-intake manifold (mentioned above), and Hoechst Celanese’s Fortron PPS fuel rails used in Ford’s 1995 Windstar.  These are but a few examples of which a lot more are to come, driven by fuel and cost savings, styling advantages, and environmental issues. (B. Miller, Plastics World, Oct. 1996, p.39). 
Alloy & Blend Patents: Several recent patent advances include polyethylene production with metallocene mixtures; biodegradable polymers for disposable food containers, and three PET patents involving high viscosity polyesters, higher strength and heat resistant composites, and new impact modified molding compositions.
· “Production Of Polyethylene Using Stereoisomeric Metallocene Mixtures”, P. C. Sishta et. al., (Union Carbide), EP 743,324, Nov. 20, 1996. Polyethylene having a broad molecular weight distribution, a narrow comonomer distribution, and excellent processibility is easily and cost effectively made using stereoisomeric mixtures (both racemic and meso) of bridged metallocene (Ti, Hf, Zr) catalysts containing cycloalkadientyl ligands with facial chirality, optionally using methylaluminoxane co-catalyst. The preferred catalyst is dimethylsilylenebis(2-methylindenyl)zirconium dichloride. Polyethylene has polydispersity > 3.0, melt index (MI) and relaxation spectrum index (RSI) such that (RSI)(MIa) > 26 when a ~ 0.7, and crystallizable chain length distribution index Lw/Ln < 3.0.  (Chem. Abs. 126: 31798r).  
· “Biodegradable Polymer Compositions For Disposable Containers”, M. Koyama (Chuo Kagaku Kk), JP 08,259,788, Oct. 8, 1996.  The compositions comprise (A) 30-78% biodegradable aliphatic polyesters, (B) 20-60% inorganic fillers, and 2-10% elastomers containing 40-90% soft segments and 10-60% hard segments and exhibiting stress (S) 5-100 kg/cm2 at strain 100% and 50%-breaking strength > 0.4 J as measured by DuPont impact tester (JIS K-7211; sheet thickness 0.43 mm).  The compositions are useful for food containers.  Poly-caprolactone (Tone 787) 9.5, talc (FVS) 10, and Tufprene A (SBR; S 20 kg/cm2 ) 0.5 kg were mixed, extruded to form a sheet, and vacuum molded to give a food tray with bending strength 3.25 kg and exhibiting complete breakdown on contacting the tray with cow compost for 2 months.  (Chem. Abs. 126: 32208k).  

· “Polyester Compositions And Preparation Of High Viscosity Poly(ethylene terephthalate Therefrom”, M. Kawebe et al, (Kanebo, Ltd.), JP 08,259,677, Oct. 8, 1996.  Title compositions yielding the title polymers comprise 5-20% aromatic tetracarboxylic acid dianhydrides and 80-95% polyesters with initial flow temperature < 200C.  Methods to prepare the title polymers involve melt mixing 1-5 parts of the compositions and 100 parts poly(ethylene terephthalate) (I).  Thus, a mixture of 10% pyromellitic dianhydride and 90% ethylene glycol-terephthalic acid-1,4-cyclohexanedimethanol copolymer (1,4-cyclohexanedimethanol content 30%) was melt-kneaded at 250C to obtain a composition, 3 parts of which was melt-kneaded with 100 parts I at 290C.  The polymer thus prepared was blow-molded to give highly transparent bottles with no sagging during molding.  (Chem. Abs. 126: 32254x).          

Alloy & Blend Patents: (Continued)
· “Glass Fiber-Reinforced Poly(ethylene terephthalate) Compositions With Heat Resistance And Mechanical Strength”, S. Kotani et al, (Mitsubishi Chem. Corp.), JP 08,239,562, Sept. 17, 1996. The title compositions, suitable for manufacture of large-size products from recycled PET, contain (A) PET 52-92, (B) thermoplastic polyester chosen from poly(ethylene 2,6-naphthalate) (I) and terephthalic acid copolymers with (50-95): (50-5) ethylene glycol and 1,4 cyclohexanedimethanol 5-45, and (C) glass-fiber containing vinyl polymers having Tg 80-150C manufactured by polymerization of 60-10% vinyl monomers in the presence of 40-90% glass fibers, 3-30%.  Thus, a pallet was prepared from PET (recycled from bottle) 73.64, I (recycled from bottle) 13.23, glass-fiber containing styrene-acrylonitrile copolymer (glass fiber content 80%) 12.5, antioxidant 0.18, and wax 0.45 parts to show good appearance, impact and heat resistance, and high bending strength. (Chem. Abs. 126: 9042t).

· “Polyester Molding Compositions, Their Preparation And Shaped Articles There-     from”, M. K. Akkapeddi et al, (Allied-Signal) WO 96 34,057, Oct. 31, 1996. Molding     compositions are formed by first prereacting a thermoplastic polyester with a copolymer of ethylene and glycidyl methacrylate (impact modifier) and then subsequently blending with a nucleating agent which is a Group I metal salt of a carboxylic acid (such as an ionomer) to increase the crystallization rate of the polyester. At least one reinforcing component such as glass fibers or reinforcing fillers is preferred. The compositions exhibit a good balance of toughness, rigidity, and gasoline resistance. A typical composition contained poly(ethylene terephthalate, Bondfast 2C, and Aclyn 285.  (Chem. Abs. 126: 32238v).  

Engineering Resins: Shell Chemical has launched a new aliphatic polyketone that is expected to compete with established materials such as nylon, acetal, and polyester.  

These polymers called Carilon offer a broad spectrum of properties and are made from low-cost feedstocks consisting of ethylene, carbon monoxide, and olefins.  The result is an alternating, linear semi-crystalline structure that combines strength, stiffness, and impact resistance with good wear and friction resistance and retains performance over a range of temperatures.  The polymer also has good tensile strength and elongation at yield, and good chemical resistance, hydrolytic stability, and barrier properties.  The resins are readily processable on standard equipment, and crystallize quickly, resulting in shorter cycle times.   

Shell has developed neat, FR, glass reinforced, and tribological grades for specialized applications.  Target markets include automotive, electrical, industrial, and business machines. Specific uses include: laser printer gears, lawn mower blades, gas tank caps, and extruded   hose and pipe liners.  The $3.50/lb price is expected to decrease with increased commercialization making it more competitive with nylon, acetal, and PBT on a finished part basis. A 20 million lb/year pilot plant has been started up in Carrington, England.  Competitive materials (e.g., Ketonex) from BP Chemicals-with two pilot plants operating-and a joint research and market development program with GE Plastics, are targeted for fibers, packaging, and blends with commodity polymers like polyolefins and PVC for improved thermal and barrier properties.  Ketonex’s oxygen barrier is comparable to EVOH copolymers and its gas barrier properties are suitable for extended shelf life food packaging. (R. Leaversuch, Modern Plastics, Jan. 1997, p. 37).

Dr. Mort Wallach has over twenty years experience in the plastics industry beginning at DuPont’s Experimental Station, and ranging from resin, film, and plastic manufacture, to consumer products, transportation and aerospace.  His contributions include twenty-two publications, numerous patents, and key roles in commercial developments, such as Kapton polyimide film, high performance composites, novel consumer products, and engineered materials. Presently, he is President of PEL Associates, a successful consulting firm in polymer/plastics science and technology.  He is a member of: ACS, SPE, IUPAC, Sigma Xi, and The Boston Computer Society.  Dr. Wallach is affiliated with: Teltech Network of Experts, UNIDO Roster of Experts, The NIH Consulting File, Massachusetts Manufacturing Partnership, and PST International. 
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