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    Abstract

        
            Advanced ultracapacitors are described that are based upon conducting polymer technology. Both Type I and Type II capacitors were constructed in single cell and stacked arrays that had superior electrochemical properties. More specifically nanophase clay electrode supports were fabricated and the conducting polymers solvent deposited upon them. Both liquid phase and solid polymer electrolytes were evaluated as well. Both single cell and multiple cell capacitors were prepared that exceeded the 15Wh/kg, 1500W/kg goals set by the United States Department of Energy. In addition, it was shown that different conducting polymer electrode configurations could be constructed that showed promise.
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                    Material characteristics and the performance of electrochemical capacitors for electric/hybrid vehicle applications

                    
                        Book
                            Burke, A; Murphy, T
                            

                    Electrochemical capacitors (ultracapacitors) are one approach to meeting the high power requirements for the energy storage system in an electric vehicle.Energy is stored in an electrochemical capacitor by charge separation in the double layer formed in the micropores of a very high surface area electrode material, which does not undergo chemical change as in a battery. Consequently, the material requirements for capacitors are very different from those of batteries. In the last several years, a number of promising material technologies have been identified for use in electrochemical capacitors. These include activated carbon fibers, foams, and composites, doped conducting polymers, andmore » mixed metal oxides. In addition to high specific capacitance, the electrode material must also have a low electronic resistivity (< 0.1 {Omega}-cm) in order that charge can be distributed with minimum voltage drop in the electrode. Electrochemical capacitor cells have been fabricated using the various material technologies with both aqueous and organic electrolytes. Tests of the cells have shown near ideal charge/discharge characteristics--that is, the voltage versus time curves are nearly linear for constant current tests. The energy densities of 1 V cells, using aqueous electrolytes, are 1 to 1.5 W {center_dot} h/kg and those of 3 V cells, using organic electrolytes are 7 to 10 W {center_dot} h/kg. Most of the cells have high power densities of 1 to 3 kW/kg. Numerous new materials for electrochemical capacitors have been identified, processed, and tested in electrodes and cells in recent years and progress is rapid in this relatively new field of research.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Novel Solvent-free Mg-ion Conducting Solid State Polymer Electrolyte

                    
                        Technical Report
                            Tao, Greg; Kyu, Thein
                            

                    Demands for energy storage devices (i.e. batteries) have been increased significantly in recent years, particularly for mobile devices (i.e. cellphones, laptops, etc.), electric vehicles, and renewable energy harvesting systems requiring high quality and sustainable power storage systems. To better serve a wide range of applications, these devices should possess high energy densities, wide operation temperatures, high safety and operation durability, and be economically affordable. Lithium-ion based batteries (LIB) have demonstrated practical energy densities of 100~300 Wh/kg. However, the batteries face some increasing challenges, ranging from high costs due to availability of lithium sources to safety concerns. Redox flow batteries havemore » shown much promise for grid energy storage applications, but their low energy density makes them less attractive for long duration energy storage. Consequently, other metal ion batteries are gradually gaining increasing interests as potential candidates for energy storage devices. A magnesium-based rechargeable battery technology is a viable ‘environmentally friendly, non-toxic’ alternative to the state-of-the-art Li-ion based battery technologies from the standpoint of high volumetric capacity, low costs and safety. While substantial efforts have been dedicated to the development of the magnesium-based battery technology in the past two decades, the battery technologies face challenges of a limited ionic conductivity and electrochemical oxidative stability of the electrolytes, thus resulting in low power/energy density. To overcome the aforementioned challenges, under this SBIR Phase I project, Chemtronergy teaming with the University of Akron has developed a unique Mg-ion conducting solvent-free solid-state polymer electrolyte (SPE) composite membrane with enhanced conductivity and stability for advanced energy storage applications. Significant progresses were made in Phase I to construct and evaluate both the binary and ternary systems consisting of UV-curable Poly(ethylene glycol) diacrylate (PEGDA), Mg(TFSI)2 salt, and without /or with a plasticizer, respectively. Studies of the PEGDA molecular weight effects on the SPE ionic conductivity showed that corresponding ionic conductivity increased with the PEGDA molecular weight. Due to the availability and costs of the polymer, the PEGDA with a molecular weight of 700 (PEGDA-700) was chosen for the construction of SPE for this project. Significant development efforts were also made evaluate the effects of the Mg salt, and the types of plasticizers (succinonitrile – SCN, and Ethylene carbonate – EC) on the SPE membranes properties, including the crystal melting temperature, glass transition temperature, and conductivity at various temperatures. Optimum compositions were discovered for maximum conductivity. The SPE properties were further enhanced through an addition of nano-ceramic powders. The study of the ceramic filler effect on the composite SPE at temperatures ranging from 25ºC to 90ºC demonstrated superior conductivities as high as 9.1x10-4 and 1.24x10-3 S/cm at 30ºC and 40ºC, respectively, which were nearly 1.6 times higher than that of baseline SPE membrane without nano ceramic addition. The tensile strength studies on the corresponding composite SPE membranes showed that the SPE mechanical strength was not compromised with the ceramic addition. Small-scale membrane fabrication process was developed for manufacturing composite SPE membranes consisting of the ternary PEGDA/SCN/Mg(TFSI)2 and nano ceramic powders for scaling up applications. UV photopolymerization was also incorporated properly into the tape-casting/curing process, resulting in the fabrication of small scale flexible and sizable SPE membranes successfully. The electrochemical performances of the PEGDA/SCN/Mg(TFSI)2 and PEGDA/EC/Mg(TFSI)2 membranes were conducted through the linear sweep voltammetry (LSV) and cyclic voltammetry (CV) experiments on both half-cell and symmetric-cell configurations. LSV experiments showed that the SPE membrane was stable up to 2.4 V versus Mg/Mg+2; however, the current responses in CV measurement showed very low current density in the tens of µA/cm2 range, indicating that the potential energy barrier must be very high for Mg ions stripping to occur from the Mg metal electrode. This poses a great challenge for the intended solid-state Mg ion battery applications, requiring an alternative solution to mitigate the high potential energy barrier.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Supercapacitors specialities - Materials review

                    
                        Journal Article
                            Obreja, Vasile - AIP Conference Proceedings
                            

                    The electrode material is a key component for supercapacitor cell performance. As it is known, performance comparison of commercial available batteries and supercapacitors reveals significantly lower energy storage capability for supercapacitor devices. The energy density of commercial supercapacitor cells is limited to 10 Wh/kg whereas that of common lead acid batteries reaches 35-40 Wh/kg. For lithium ion batteries a value higher than 100 Wh/kg is easily available. Nevertheless, supercapacitors also known as ultracapacitors or electrochemical capacitors have other advantages in comparison with batteries. As a consequence, many efforts have been made in the last years to increase the storage energymore » density of electrochemical capacitors. A lot of results from published work (research and review papers, patents and reports) are available at this time. The purpose of this review is a presentation of the progress to date for the use of new materials and approaches for supercapacitor electrodes, with focus on the energy storage capability for practical applications. Many reported results refer to nanostructured carbon based materials and the related composites, used for the manufacture of experimental electrodes. A specific capacitance and a specific energy are seldom revealed as the main result of the performed investigation. Thus for nanoprous (activated) carbon based electrodes a specific capacitance up to 200-220 F/g is mentioned for organic electrolyte, whereas for aqueous electrolyte, the value is limited to 400-500 F/g. Significant contribution to specific capacitance is possible from fast faradaic reactions at the electrode-electrolyte interface in addition to the electric double layer effect. The corresponding energy density is limited to 30-50 Wh/kg for organic electrolyte and to 12-17 Wh/kg for aqueous electrolyte. However such performance indicators are given only for the carbon material used in electrodes. For a supercapacitor cell, where two electrodes and also other materials for cell assembling and packaging are used, the above mentioned values have to be divided by a factor higher than four. As a consequence, the specific energy of a prototype cell, hardly could exceed 10 Wh/kg because of difficulties with the existing manufacturing technology. Graphene based materials and carbon nanotubes and different composites have been used in many experiments reported in the last years. Nevertheless in spite of the outstanding properties of these materials, significant increase of the specific capacitance or of the specific energy in comparison with activated or nanoporous carbon is not achieved. Use of redox materials as metal oxides or conducting polymers in combination with different nanostructured carbon materials (nanocomposite electrodes) has been found to contribute to further increase of the specific capacitance or of the specific energy. Nevertheless, few results are reported for practical cells with such materials. Many results are reported only for a three electrode system and significant difference is possible when the electrode is used in a practical supercapacitor cell. Further improvement in the electrode manufacture and more experiments with supercapacitor cells with the known electrochemical storage materials are required. Device prototypes and commercial products with an energy density towards 15-20 Wh/kg could be realized. These may be a milestone for further supercapacitor device research and development, to narrow the storage energy gap between batteries and supercapacitors.« less
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                    Prospects for ultracapacitors in electric and hybrid vehicles

                    
                        Conference
                            Burke, A
                            

                    The prospects for ultracapacitors for use in electric and hybrid vehicles in the near-term (within five years) are discussed based on the present status of the technology world-wide and the characteristics of devices that are available for purchase or in an advanced state-of-development and thus nearly ready to be marketed. The energy density (Wh/kg) of the devices presently available for purchase are too low (2.2 Wh/kg) for most vehicle applications and their price ($100--$300) is too high for even applications requiring only a small energy storage capacity (50--100 Wh). Prototype devices having an energy density of 5--8 Wh/kg are almostmore » ready for marketing from several capacitor/battery companies. The higher energy density capacitors are carbon-based and use an organic electrolyte. They are fabricated using existing production equipment, so their price can be expected to be much lower when they are manufactured in high quantities and there are multiple sources for purchasing them. Projections of the future performance of ultracapacitors were made indicating energy densities of 10--20 Wh/kg are achievable in the relatively near-term using carbon electrode materials having specific capacitances of 150--200 F/gm.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Getting a charge out of microporous oxides: Building a better ultracapacitor

                    
                        Book
                            Liu, K; Anderson, M
                            

                    Microporous nickel oxides consisting of nano-sized particles have been utilized as active electrode materials for ultracapacitors. Both the physical adsorption of ions near the charged surface of these particles and surface oxidation/reduction reactions play a role in the capacitive charge storing mechanism. These are therefore appropriately referred to as pseudo-capacitors since they rely on mechanisms in addition to double layer charging in order to store energy. In this study, it has been shown that surface hydration contributes to the formation of an initial compound which participates in the electrochemical reactions of ultracapacitors. The specific capacitance of this material ranges frommore » 60 to 120 F/g depending upon the types of electrolyte solution used in the ultracapacitor.« less
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