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An Advanced Power Converter System Using High Temperature, High Power Density, SiC Devices 
Aegis Technology, 3300 Westminster Avenue, Santa Ana, CA 92703; 714-265-1238

Dr. Timothy Lin, Principal Investigator, aegiste1400@earthlink.net   

 

Research Institution:  University of Tennessee at Knoxville, Knoxville, TN  

Electronic power conversion systems (PCS) introduce major cost and reliability issues in most distributed energy resources and energy storage systems.  Devices based on silicon carbide (SiC), which have gained a lot of recent interest, offer the advantages of high efficiency, small size and light weight.  This project will develop a power converter, based on these emerging SiC  power devices, which would be capable of operation at high power density, high temperature, and high frequency.  In particular, system benefits will be quantified and issues related to SiC circuit design, packaging, and reliability will be addressed.  Phase I will demonstrate technical feasibility by:  (1) conducting circuit design and power module/converter modeling to evaluate the effects of SiC devices on the thermal management of a converter system; (2) developing high-temperature, high-heat-flux packaging; and (3) constructing and demonstrating a prototye SiC power converter.  

Commercial Applications and other Benefits as described by the awardee:  In addition to the application for distributed energy resources, robust, space saving, economically priced, high performance SiC-based power modules should find application in electric and hybrid-electric vehicles, and in power inverters/converters and actuator controllers used in industry and in military ships/vehicles.
Very High Temperature (400+°C), High Power Density (100kW), Silicon Carbide (SiC), Three-phase Inverters
Arkansas Power Electronics International, Inc., 700 Research Center Boulevard, Fayetteville, AR 72701; 479-443-5759, http://www.apei.net 

Dr. Alexander B. Lostetter, Principal Investigator, aloster@apel.net 

In power electronic conversion systems(PCS), wide band gap devices, such as silicon carbide (SiC), offer the promise of vastly exceeding the constraining restrictions of silicon by offering higher blocking voltages, higher operating temperatures, higher frequency, and lower switching losses compared to other, more conventional devices.  These performance increases all directly translate to higher efficiencies and reliabilities at smaller sizes, which ultimately corresponds to significant savings in PCS costs and maintenance.  This project will develop innovative high temperature packaging, control, and circuit design strategies, in order to achieve these improvements.  Phase I will utilize SiC power switch technology in conjunction with high temperature active and passive control circuitry.  The use of SiC also should improve converter electrical efficiencies and voltage switching capability.  Phase I will culminate in the delivery of a fully functional low power prototype capable of greater than 400°C junction temperature operation for the power switches.  The prototype will utilize control electronics capable of 300°C operation at the baseplate, will operate at greater than 94% efficiency, and will illustrate 10× miniaturization over present state-of-the-art silicon based power converters.

Commercial Applications and other Benefits as described by the awardee:  By improving electrical efficiencies through the use of SiC electronics, and by implementing the technology in a wide range of power converter applications, billions of dollars in wasted energy could be saved.  The reduced size and volume of power modules also should lead to applications where reduced weight is a factor, such as for mass market electric vehicles.

Large Area SiC GTO Thyristor Development:  Wideband Gap High Voltage High Frequency Switches

GeneSiC Semiconductor Inc., 25050 Riding Plaza, Suite 130-801, South Riding, VA  20152; 571-265-7535; www.genesicsemi.com 

Dr. Ranbir Singh, Principal Investigator, ranbir.singh@genesicsemi.com 

  

Energy storage for utility applications requires the development of a high voltage, high current, high-frequency silicon-carbide-based switch.  These applications demand pulse width modulation (PWM) control with order-of-magnitude higher power levels at an order-of-magnitude higher frequency, compared to what is achievable with contemporary power devices. Hence, this project will develop an innovative silicon carbide (SiC) gate turn-off (GTO) thyristor with performance specifications far exceeding existing technology.  In Phase I, extensive two-dimensional device simulations will be conducted to accurately model the SiC GTO devices.  Many high current SiC GTO chips will be produced in parallel, using an innovative wire-bondless packaging technology uniquely suitable for high voltage, high temperature applications. A high volume silicon carbide foundry will be engaged to achieve the economical production of the GTO devices.  A comprehensive test plan will be developed for implementation in Phase II.

  

Commercial Applications and other Benefits as described by the awardee:   For the utility industry, these advanced high power electronic components should enable precise reactive compensation, control, and tuning of all circuits, promising unprecedented increases in the efficiency and cost-effectiveness of the electricity infrastructure.  Other applications include medical imaging and agriculture, where high voltage devices are required for cancer treatment, hospital waste sterilization, and systems for food irradiation.  Finally, military applications include using the technology to improve power system efficiency for future naval surface combatants and for directed energy weapon systems.
An Innovative Silicon Carbide (SiC) 6‑KV, 1‑KA Gate, Turn Off (GTO) Thyristor

SemiSouth Laboratories, Inc., 201 Research Boulevard, , Starkville, MS  39759‑8749; 662‑324‑7607; http://www.semisouth.com 

Dr. Joseph Neil Merrett, Principal Investigator, neil@merrett@semisouth.com 

A high-voltage, high-current, SiC power switch is required by the existing utility infrastructure and its need to interconnect renewable energy sources to the grid (such as wind and solar photovoltaic).  Renewable energy sources require new types of equipment with challenging issues not usually borne by the utility industry, including severe constraints on size, weight, and cost.  This project will develop a 6-kV, 1-kA SiC gate turn-off (GTO) thyristor of innovative design.  The GTO, which combines low losses with excellent switching performance, is the best device for wide adoption by the utility industry, where multi-megawatt applications are common.  Moreover, the SiC GTO will be scalable to much higher voltages than practically any other device made from silicon or SiC, thereby enhancing its usefulness for future utility applications. Phase I will set the specification, scale the design to meet the specification, select high quality low-defect substrates to eliminate the only significant reliability concern with SiC bipolar devices (like the GTO), and grow and characterize the critical GTO stack.

Commercial Applications and other Benefits as described by the awardee:  A revolution in the supply of renewable energy sources has created a technology need for smaller, more efficient, and lower cost grid-connected inverters.  The SiC GTO should reduce or eliminate series-connected devices in grid-connected inverters for medium-voltage application, leading to an opportunity to manufacture bipolar products for the significant medium-voltage utility and renewable energy markets.  Wind and PV alone have attracted over $1 billion of sales in the last five years.
High Voltage, Silicon Carbide, Emitter Turn‑off Thyristor

Solitronics LLC, 2408 Chelmsford Court, Cary, NC  27518; 919‑623‑6649

Mr. Jerry Melcher, Principal Investigator, jerry@solitronic.com 

Research Institution:  NC State University, NC  

Advanced SiC-based high-power switches are need for power conversion applications.  This project will develop a 10 kV-18 kV class, high voltage, SiC Emitter Turn-off (ETO) thyristor that maximizes the capability of SiC materials while minimizing the effect of immature material properties, such as poor oxide reliability and low surface mobility.  The SiC ETO will result in the best performance in terms of speed and conduction capability, and will be superior to IGBT and MOSFET.  The targeted device will have 10-15 kV breakdown voltage, 5 to 10 kHz switching capability, and 100 A current rating.  In Phase I, a large current module will be developed, based on multichip module packaging. 

Commercial Applications and other Benefits as described by the awardee:  The SiC thyristor-based switch should significantly increase the power-vs-frequency capability of power electronics technology.  In turn, this product would reduce utility costs associated with energy loss during the lifetime of the power electronics equipment.  The technology also should find use in DoD applications that require high power density, such as the power conversion system in a naval ship.  In the commercial world, the technology should lead to superior semiconductor switch products, along with high-power electronics based on these switch products, thereby enhancing U.S. competitiveness in power semiconductors.


High Performance, Carbon Nanomaterials for Electrochemical Capacitors

ADA Technologies, Inc., 8100 Shaffer Parkway, Ste 130, Littleton, CO  80127-4107; 303-792-5615; www.adatech.com 

Dr. Wen Lu, PhD, Principal Investigator, wenl@adatech.com 
  

Electrochemical capacitors are being developed for utility applications, providing emergency backup power, improving system stability, and lowering demand peaks.  These functions reduce congestion at critical times for transmission and distribution systems.  However, the use of electrochemical capacitors is limited by their performance (energy and power densities), safety, and short cycle life.  The major factors responsible for these limits are the low electrolyte accessibility and low capacitance (for the electrodes), and the narrow electrochemical window, flammability, toxicity, volatility, thermal instability, and electrolyte depletion (for the electrolytes).  This project will develop carbon nanotube composite electrodes and combine them with environmentally benign electrolytes, leading to advanced electrochemical capacitors with high energy density, high power density, safe operation, and long cycle life. 

  

Commercial Applications and other Benefits as described by the awardee:   High performance, safe, and long-lived electrochemical capacitors should significantly benefit a wide range of applications.  Beyond the utility applications, they should find use in transportation, consumer electronics, medical electronics, and military and defense. 
Nano-engineered, Carbon, Electrochemical Capacitors

Giner, Inc., 89 Rumford Avenue, Newton, MA 02466-1311; 781-529-0501; www.ginerinc.com 

Mr. Mourad Manoukian, Principal Investigator, mmanoukian@ginerinc.com 

  
To address the needs of the energy industry and a variety of utility applications, the DOE has identified the need for improved energy storage devices that utilize carbon nano-tubes and other nano-engineered materials.  One of these energy storage devices, supercapacitors, could interface with the power grid via a static power conditioner and provide power during short duration interruptions and voltage sags.  These devices also could provide improved power quality and reliability, reduce the size of distributed generation systems, and satisfy energy demand by load leveling.  This project will develop an all-solid-polymer-electrolyte Electrochemical Double-Layer Capacitor (EDLC) for power transmission and distribution systems, providing improved system stability and lower demand peaks at critical times.  The EDLC will have low overall ESR, high capacitance (>300 F/g), high-energy density (greater than 10 Wh/kg), and high-power density (greater than 1000 W/kg).  Feasibility of the EDLC will be demonstrated in Phase I, and large-scale prototypes will be fabricated and extensively tested in Phase II. 
  
Commercial Applications and other Benefits as described by the awardee:   EDLCs should have three major markets:  automotive, consumer electronics, and industrial power management.  The automotive market would use EDLCs as load-leveling devices for batteries in electric and hybrid vehicles.  The consumer electronics market needs small high-frequency devices in order to reduce battery size.  The industrial power market needs EDLCs that could interface with the power grid, providing high frequency (60 -120) Hz power during short duration interruptions, and voltage sags for improved power quality and reliability.  In addition, EDLCs may find military applications in electric guns, kinetic-energy weapons, and active sonar pulses.   

 (TOPIC: Solid State Electrolyte Development for Advanced Energy Storage Devices)

High Performance, Hydroxyl Conductive Membrane for Advanced, Rechargeable, Alkaline Batteries

Enogetek, Inc., 46 Bari Manor, Croton‑on‑Hudson, NY 10520; 914‑290‑4747  

Dr. Lin‑Geng Li, Principal Investigator, crotonlfli@netzero.com
Increasingly strict environmental regulations, along with surging energy demand and oil prices, have given rise to a growing demand for efficient, clean, and renewable energy sources, such as solar and wind energy.  Electricity generated from these renewable sources, however, suffers the drawback of fluctuation.  To solve this problem, a low cost, reliable, long life and efficient electrical energy storage system is needed to ensure 24/7 reliability for commercial and residential grid applications.  One possible solution is to replace the aqueous KOH electrolyte with a solid polymer electrolyte.  However, low ionic conductivity, lack of structure integrity, and very limited availability of solid polymer electrolyte membranes prevent their widespread adoption.  This project will develop a novel hydroxyl conductive membrane that has the characteristics of (1) high ionic conductivity; (2) good thermal, chemical, and electrochemical stability; (3) scalability for large-quantity manufacturing; and 4) low cost.  

Commercial Applications and other Benefits as described by the awardee:  The membrane should enable a very simple biopolar battery design, leading to a battery with very high power density, and long life and cycle performance.  The membrane could be used not only as an energy storage system for load leveling of electricity generated from renewable sources, but also for application in NiMH batteries that already have been commercialized for hybrid electric vehicles (HEV) or plug-in HEVs.

A Novel, Lithium Conducting,Solid State Electrolyte by Sol Gel Technique

Excellatron Solid State, LLC, 263 Decatur Street, Atlanta, GA 30312;  404‑584‑2475  

Dr. Davorin Babic, Principal Investigator, dbabic@johnsonrd.com
Rechargeable lithium ion batteries incorporating liquid or polymer electrolytes are currently the most advanced battery type available on the market.  However, the liquid/polymer electrolyte and its interface with the electrodes limits energy density, long-term cycle life, and the rate of charge/discharge capability of these batteries.  The removal of these limitations is a prerequisite for lithium batteries to be used successfully as a high-energy storage medium, as required for electric vehicle (EV) applications.  This project will develop a solid state electrolyte that solves the problems of the lithium ion batteries while being cost effective and offering manufacturing scalability.  Although preliminary tests on the proposed electrolyte material are very encouraging, more research is necessary to demonstrate that it can fulfill all the solid state electrolyte requirements.  

Commercial Applications and other Benefits as described by the awardee:  The new material should radically transform the world of lithium batteries.  The development of batteries with long cycle life, and high energy and power densities should speed the commercialization of electric vehicles.
Composite, Alkaline, Battery Electrolyte with Improved, Hydroxide-ion Transport Number

Giner, Inc., 89 Rumford Avenue, Newton, MA 02466; 781‑529‑0501  

Dr. Robert C. McDonald, Principal Investigator, rmcdonald@ginerinc.com
Although the generation of electricity from renewable sources such as solar or wind offers enormous potential for meeting future energy demands, these sources are intermittent.  Therefore, an efficient electrical energy storage system is required to ensure that the electricity is reliably available 24 hours a day, as needed for commercial and residential grid applications.  Rechargeable alkaline batteries offer one solution, but their performance requires improvement by increasing the transport number for the electrolyte anion, hydroxide.  This project will use advances in permeation ionomer science and transport processes to develop a low-solvent electrolyte with high transport number for the hydroxide ion.  The electrolyte will be safe to manufacture.  Also, the amount of free solvent water will be limited, in order to reduce the risk of leakage.

Commercial Applications and other Benefits as described by the awardee:  The proposed electrolyte will have the potential to improve cycle life, safety, and service life of rechargeable batteries where high specific power is required.  The proposed electrolyte should improve safety in manufacturing and handling by immobilizing and controlling hydroxide-ion transport of the caustic component of the battery electrolyte.
Solid, Hydroxyl Conducting Electrolyte
Lynntech, Inc., 7610 Eastmark Drive, College Station, TX 77840; 979‑693‑0017  

Dr. Alan Cisar, Principal Investigator, alan.cisar@lynntech.com
Nickel metal hydride (NiMH) batteries are the mainstay of high-energy battery systems. Currently NiMH batteries use a liquid electrolyte on a porous solid separator, which leads to batteries that not only are larger than necessary but also can release corrosive liquid KOH if the battery were damaged.  This project will develop a solid electrolyte with good mobility (i.e., conductivity) for both hydroxyl ions and water molecules.  The approach involves combining a very hydrophilic polymer (i.e., either water soluble or massively swollen by water) with concentrated aqueous KOH.  An inorganic pseudo-cross-linking agent will be used to yield a solid material with hydroxyl and water conductivity.

Commercial Applications and other Benefits as described by the awardee:  A solid electrolyte should improve both the energy and power density of NiMH batteries, as well as round-trip storage efficiency, and lead to more rugged batteries.  The new electrolyte also should have application to renewable energy systems, such as wind, where energy is only intermittently available and storage is required for round-the-clock operation.  

Membranes for Solid State Lithium Batteries

NEI Corporation, 400 Apgar Drive, Suite E, Somerset, NJ  08873; 732‑868‑3141  

Dr. Runqing Ou, Principal Investigator, rou@neicorporation.com
Low-cost, safe, large voltage (i.e., hundreds of volts), and high-energy lithium-ion batteries with long calendar and operational lives are required for a variety of electric utility applications to address issues associated with power quality and transmission congestion.  Such large-format batteries also are needed for vehicle applications (e.g., electric and hybrid electric vehicles).  For both applications, these large voltage batteries need to be fabricated in the bipolar configuration to reduce overall cost.  In turn, this requires the use of solid electrolytes.  However, state-of-the-art Li-ion batteries primarily use either liquid or gel electrolytes, which are toxic and flammable. Existing solid electrolytes do not meet the performance requirements.  This project will develop a solid polymer nanocomposite electrolyte system that can exhibit high Li-​ion conductivity at low temperatures, including room temperature, along with good mechanical properties.  The approach involves tailoring the microstructure of the nanocomposite, varying the concentration of the nanocrystalline phase, and exploring different types and amounts of lithium salts.  The nanocomposite membranes will be fabricated using standard polymer processing methods and characterized for Li-ion conductivity and transference number.

Commercial Applications and other Benefits as described by the awardee:  Successful implementation of the proposed technology should lead to safe and cost-effective large voltage batteries for electric and hybrid electric vehicles, and for telecommunication and electric utility applications.  The lithium-ion batteries should find use in other consumer and industrial applications as well. 


 (TOPIC: Advanced Energy Storage and Power Electronics Systems)

Advanced High Temperature Packaging with Non-Wire Bond Interconnection for SiC Switches

Aegis Technology Inc., 3300 A Westminster Ave., Santa Ana, CA  92703; 714‑265‑1238  

Dr. Timothy Lin, Principal Investigator, timlin@aegistech.net
Wide band-gap devices such as silicon carbide (SiC) are becoming more attractive in energy storage and power electronics applications related to the electrical grid.  High-temperature high-power-density packaging will be essential to the development of these SiC devices.  However, present interconnections still use traditional wire bonding, making it the weakest link in the overall package.  This project will develop and demonstrate a novel bonding technology, parallel-plate direct area bonding (PPDAB), for the packaging of SiC power devices, in order to achieve a non-wire, large-area interconnect.  Phase I will design and test a prototype device (simplified SiC switch module) to characterize the performance of the scheme.  Finite element analysis (FEA) modeling will be conducted to identify the residual and thermal stress distribution in the bonding structure, in order to determine the improvements in thermo-mechanical reliability, compared with a conventionally wire bonding technology.

Commercial Applications and other Benefits as described by the awardee:  A more robust interconnection scheme should speed the development of SiC power electronics.  In addition to the application for distributed energy resources related to the electrical grid, the technology should find use in the transportation sector (energy storage in hybrid electric vehicles). 


 (TOPIC: Natural Disaster Reduction through Technology)

SiC-based, Solid-state, Fault Current Control System for Vulnerability Reduction of Power Distribution Networks

Arkansas Power Electronics International, Inc., 700 Research Center Boulevard, Fayetteville, AR  72701; 479‑443‑5759

Dr. Roberto Marcelo Schupbach, Principal Investigator, mschupb@apei.net
Research Institution:  University of Arkansas, Fayetteville, AK 

This project will develop high-voltage, high-performance Solid-State Fault Current Controller (SSFCC) technology, needed to minimize recovery time and vulnerability of the electricity network in the event of a large-scale natural disaster.  The SSFCC technology, which utilizes Silicon Carbide (SiC) gate-turn-off thyristors (GTOs), will be able to control power delivery to all types of faults very rapidly, thereby minimizing power quality issues.  Moreover, when combined with existing network equipment, the technology will enable rapid reconfiguration of the power network.  Lastly, the proposed solution offers modularity, flexibility, and low operation/maintenance, allowing for widespread adoption and deployment.  Phase I will focus on the demonstration of a Si-based, single-phase 4160V-class SSFCC hardware prototype.  Phase II will extend the power rating of the SSFCC and develop a SiC-based SSFCC prototype.   

Commercial Applications and other Benefits as described by the awardee:  Power interruption and quality issues cause economic losses to the nation, conservatively estimated to be over $100 billion/year.  The SSFCC technology should minimize fault-related power quality issues (i.e., voltage sags, oscillations, harmonics, etc.), improve network reliability (i.e., minimization of affected area), and allow for power re-routing in the event of a long-term or permanent fault. 
Simulating the Smart Electric Power Grid of the 21st Century
Electrocon International Inc., 405 Little Lake Drive, Suite C, Ann Arbor, MI  48103; 734‑761‑8612  

Dr. Ashok Gopalakrishnan, Principal Investigator, ashok@electrocon.com
Electrical power systems routinely experience disturbances or faults.  Protective relays and controllers are used to take corrective action by isolating the faulted equipment and stabilizing the system.  The analysis and design of these protection and control systems require simulation of the power grid.  However, present day simulation tools are relatively simplistic, as they model current protection and control devices that mainly utilize local sensor input.  For example, power system engineers study fault conditions and disturbances via two independent software tools:  (1) transient stability programs that simulate the dynamics of the electrical grid, but do not model the thousands of protective relays in the system; and (2) protection simulation programs that model the relays, but do not simulate the dynamic behavior of the grid.  This project will develop a new program that combines these simulations, enabling the modeling, analysis, design, and testing of a large variety of next-​generation protection and control systems.  
Commercial Applications and other Benefits as described by the awardee:  In its report on the analysis of the August 14, 2003 blackout, the US-​Canada Task Force concluded that present day design methods had overlooked the operation of zone 3 impedance relays, a key factor in causing an initially small ​area outage to cascade to a large area affecting 50 million people.  With the proposed technology, it would become possible and practical to tune the settings of relays and controllers to operate the grid closer to its limits, while still protecting the electrical equipment.

(TOPIC: Power Electronics and Advanced Materials for Energy Storage)

Large Area SiC GTO Thyristor Development: Wideband Gap High Voltage High Frequency Switches
GeneSiC Semiconductor Inc., 43670 Trade Center Place, Suite 155, Dulles, VA  20166; 703‑996‑8200; www.genesicsemi.com
Dr. Ranbir Singh, Principal Investigator, ranbir.singh@genesicsemi.com
The extremely challenging speed and voltage specifications of converter circuits used to attach renewable energy sources and energy storage elements to the power grid require the development of new semiconductor switch technology. In addition, the robustness and reliability of energy storage power processing circuits used in conventional power grid systems are enhanced significantly with the availability of sub-microsecond Thyristors. The voltage specification achieved is beyond the theoretical limit that can be achieved with contemporary Silicon technology, is within the room temperature corona limit, and is compatible with commercially available capacitors. These challenging specifications are enabled by fully exploiting the superior electrical and thermal properties of the emerging power semiconductor material of choice: Silicon Carbide (SiC). 

In the Phase I, a nearly-ideal blocking voltage SiC Gate Turn Off (GTO) Thyristor was found to offer the best solution for the challenging requirements. Extensive simulations were conducted to model SiC GTO Thyristor devices and their performance was verified. Test structures were fabricated and power-packaging technology was explored. In the Phase II project, five batches of SiC GTO Thyristor devices will be designed and fabricated with successively increasing voltage and current capabilities to meet the program objectives. 

Commercial Applications and other Benefits as described by the awardee:  Government and commercial markets that have been identified include electric power utilities, medical imaging and cancer treatment, and industrial systems for food irradiation and hospital waste sterilization.

Development of High Energy, Low Temperature Rechargeable Battery for Load Leveling Application
Electrochemical Systems, Inc., 9052 Highbridge Dr., Knoxville, TN 37922, 865-843-2559
Joe Caja, Principal Investigator, jcaja@electrochemicalsystems.com
(More information to follow)

Nanostructured Cathode for Magnesium Ion Batteries
Materials Modification, Inc., 2809K Merrilee Drive, Fairfax, Virginia 22031, 703-560-1371
Dr. Tirumalai S. Sudarsha, Principal Investigator, info@matmod.com 
(More information to follow)

Novel Hybrid Electrochemical Energy Storage Device
Precision Energy and Technology, 2000 Composite Drive, Kettering, Ohio 45420, 937-558-2708

Thomas Willis, Principal Investigator, twillis@petfc.com .  
(More information to follow)


Non-Fracturing High Performance NiMH Negative Electrode
Physical Sciences, Inc., 20 New England Business Center, Andover, MA 01810-1077, 978-689-0003

Dr. Aron Newman, Principal Investigator, newman@psicorp.com
(More information to follow)


A Low Cost Utility-Scale Flow Battery with a New Chemistry
NEI Corporation, 400 Apgar Dr, Suite E, Somerset NJ 08873, 732-868-3141
Dr. Jinxiang Dai, Principal Investigator, 

(More information to follow)

Liquid Salt Redox Couples for Utility Scale Flow Batteries
TDA Research, Inc., 2345 W. 52nd Ave., Wheat Ridge, CO 80033-1916, 303-442-7819
Dr. John Olson, Principal Investigator, research@tda.com 

(More information to follow)


Novel Solid State Electrolyte Development

Excellatron Solid State, LLC, 263 Decatur Street, Atlanta, GA 30312-1705, 404‑584‑2475

Dr. Davorin Babic, Principal Investigator, dbabic@johnsonrd.com 

(More information to follow)

High Performance Hydroxyl Conductive Membrane For Advanced Rechargeable Alkaline Batteries     
Enogetek, Inc., 2055 Albany, NY, 46 Bari Manor, Croton‑on‑Hudson, NY 10520; 914‑290‑4747  

Dr. Lin‑Geng Li, Principal Investigator, crotonlfli@netzero.com
(More information to follow)
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