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    Abstract

        
            Dynalene Inc has developed and patented a fuel cell coolant with the help of DOE SBIR Phase I and Phase II funding (Project DE-FG02-04ER83884). However, this coolant could only be produced in lab scale (500 ml to 2 L) due to problems in the optimization and scale-up of a nanoparticle ingredient. This project optimized the nanoparticle production process in 10 L and 100 L reactors (which translates to about 5000 gallons of coolant), optimized the filtration process for the nanoparticles, and develop a high throughput production as well as quality control method for the final coolant formulation. Scale-up of nanoparticle synthesis (using emulsion polymerization) is an extremely challenging task. Dynalene researchers, in collaboration with a university partner, identified all the parameters affecting the size, charge density and coagulation characteristics of the nanoparticles and then optimized these parameters to achieve the goals and the objectives of this project. Nanoparticle synthesis was demonstrated to be reproducible in the 10 L and 100 L scales.
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                    Final Scientific/Technical Report for Phase I SBIR Lightweight and Thermally Insulating Nanowood

                    
                        Technical Report
                            Gong, Amy; Yang, Bao
                            

                    High-performance and low-cost thermal insulation materials for retrofitting existing buildings toward better energy efficiency are in great need. Inventwood LLC. is developing a green thermal insulating material out of wood that is light, strong, super thermal insulating and cost-effective. This green thermal insulating material is produced 100% from wood cellulose and can be readily added onto walls of existing buildings and is not a health hazard. Nanowood allows us to add additional insulation without tearing down the existing building structures. Annually, building consumes about 40% of total energy in the United States, greater than industrial and transportation needs. High-performing thermalmore » insulation technologies for retrofitting existing building is urgently needed to further improve the energy efficiency of the older buildings. The overall research objectives for SBIR phase I was to demonstrate scalable thermal insulating nanowood with optimized thermal and mechanical properties suitable for energy efficiency building retrofit applications. There are four tasks including (1) develop and optimize delignification process to achieve nanowood with low thermal conductivity and good strength; (2) investigate various properties of nanowood such as mechanical strength and toughness, thermal conductivity (resistance), UV and environmental stability, and fire resistance; (3) carry out cost analysis and scale up the manufacturing of nanowood; and (4) evaluate the commercialization potential of the thermal insulating nanowood. Through the DOE-funded Phase I SBIR program, we have developed and optimized the reliable processes to produce nanowood with stable dimensions and low thermal conductivity. Furthermore, we demonstrated the fabrication of nanowood with a size of 11 inches by 8 inches by 1 inch (L× W × T) using the delignification and freeze-drying process. We already demonstrated that small nanowood with mesopores can deliver a low thermal conductivity of ~0.03 W/mK. The scale up to the size of 11 inches by 8 inches by 1 inch (L× W × T) maintain the low thermal conductivity of ~0.03 W/mK. During Phase II program, we will continue the collaboration with Dr. J.Y. Zhu in Forest Product Lab for the characterizations of nanowood to reveal its structure property relationship. We will also collaborate with other industrial partners for commercialization evaluations. In Phase II, the proposed nanowood insulation technology will be able to be adopted for a range of thermal insulation applications. In the long run, the low-cost, lightweight, strong and super insulating nanowood can be added to walls of existing buildings for retrofit purpose with a payback period less than 10 years.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    DOE SBIR Phase I Final Technical Report: Ionic Liquids as Advanced Solvents for the Extraction of Rare Earth Elements from Coal Products

                    
                        Technical Report
                            Di Bona, Kristin; Hill, Caleb; Gurau, Gabriela; ... 
                            

                    The overall goal of this SBIR Phase I project was to demonstrate the feasibility of an ionic liquid (IL) process for the direct extraction of rare earth elements (REEs) from coal and demonstrate the recovery of REEs from the coal-IL solution, in a sustainable and energy efficient manner. Phase I confirmed the feasibility of this approach on both coal and coal by-products, resulting in 92-100% extraction of REEs from coal into IL, resin separation, and recovery of REE solids via developed electrochemical methods. In this Phase I project, we demonstrated the technology and evaluated IL design, REE extraction parameters, andmore » REE recovery methods, which have provided essential chemistry and engineering knowledge needed for our process design and scale-up to a mini-pilot prototype system in Phase II. Below are important Phase I accomplishments: Ionic liquid design. We have successfully demonstrated the extraction of REEs from coal and fly ash into specifically designed ILs in a simple and energy efficient manner. REE extraction and recovery from coal was performed via direct treatment of coal with intelligently designed task-specific ILs. The IL chosen for these processes possesses an ideal combination of excellent solvation ability, nonvolatility, low toxicity, proven recyclability, and availability at the multi-ton scale. Rare earth element extraction. Detailed studies were performed to determine variables which affect dissolution parameters and REE extraction efficiency in order to determine optimal treatment parameters. Parameters which affect dissolution were determined, and an optimal treatment process was developed. We can reproducibly extract 92-100% of REEs from coal into IL in as little as two minutes of treatment. Preliminary studies indicate that our process can also be applied to other sources of coal and ash from different U.S. mines. Rare earth element recovery. REE separation from coal-IL solutions was demonstrated using both commercially available resins and chitin-based sorbents. The resins tested were able to efficiently extract 99% of REEs from solutions of coal-IL and fly ash-IL. It was demonstrated that the REEs could be recovered from the resins into aqueous solutions. An electrochemical method for the recovery of REEs directly from the aqueous eluents from these separation processes has been demonstrated. Major products of this process are the production of individual and mixed REEs. Additional applications include the valorization of co-products from recovered REE-free residues, oil, and solid precipitate. Co-products include valuable metals (e.g., Li, V), carbon materials, and chemicals which will increase the commercialization value of this process. Secondary applications include the use of this process in coal by-product remediation/processing, as this process has been demonstrated with fly ash. We are now ready to scale-up our processes in Phase II from the current 10 mL benchtop scale to a 3 L mini-pilot demonstration unit in order to fine tune the engineering parameters necessary to further design and develop, also during Phase II, a prototype pilot unit (20 L) for a continuous processing system.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    A Novel Rapid Pressure Swing Adsorption (RPSA) System for Modular Oxygen Production

                    
                        Technical Report
                            Zhou, S.; Zheng, Jian; Sanderson, Cory; ... 
                            

                    The worldwide oxygen (O2) market stood at $10.80 billion in 2014 with production of over 100 million metric tons per year of pure O2 from air. The US oxygen market, which holds around 23% of global share, is expected to grow at a compound annual growth rate (CAGR) of 2% and reach 42.63 million tons by 2023. Oxygen is used for diverse applications as a catalyst and oxidizing agent in the chemical industry, in food and beverage, mineral processing and mining, water treatment and healthcare industries, etc. For large-scale oxygen production, standard cryogenic air separation technologies offer the lowest productionmore » cost and energy requirements for oxygen. At oxygen production levels of less than 200 tons/day (TPD), the capital cost and energy penalty for cryogenic air separation become too high to compete with pressure swing adsorption (PSA) or vacuum pressure swing adsorption (VPSA) oxygen production systems. Commercial PSA plants have seen incremental improvement in the past 20 years; however, much lower capital costs and energy requirements are still needed to support the DOE’s modular gasification platform for small scale (10-50 TPD O2 level) distributed power and chemical production from fossil fuel. This project is aimed at developing a novel structured rapid PSA (RPSA) design with a microporous N2-selective Lithium-Low-Silica-X type (LiLSX) zeolite-containing fiber membrane separating N2 from air, resulting in a highly efficient oxygen production process. The RPSA process by using novel structured adsorbents has the potential to improve oxygen productivity of a conventional PSA system by almost an order of magnitude. Structured adsorbents allow high gas throughput with low pressure drop and effectively provide more gas/adsorbent contact resulting in higher mass and heat transfer and adsorbent utilization. In this phase I project, we incorporated commercially available LiLSX materials into a structured continuous adsorbent structure—as opposed to the discrete nature of a beaded bed—to eliminate issues related to pressure drop, crush strength and dusting and improved adsorption kinetics. One key benefit of structured adsorbents is handling target flow rates within a much smaller footprint, which will reduce CAPEX and OPEX. In Phase I of this project, working with our research institute partner, Georgia Institute of Technology , we synthesized and screened a number of fibrous adsorbent structures, with two different fabrication routes. These lab-made fiber modules were then tested in a lab-scale RPSA unit to measure their breakthrough and O2 separation performance. Experimental results clearly show that oxygen production from air can be achieved with high N2 selectivity via the use of our novel fiber module system. The O2 purity of fiber modules can be in the range of 80-95% depending on the cycle conditions, with significant reduction of bed-size-factor. Upon proper RPSA cycling optimization, the fiber sorbent technology showed a 4-fold increase in mass transfer rate as well as a 20-fold reduction in bed pressure drop. Based on the experimental data, Susteon developed preliminary process models through Aspen Adsim™ and incorporated industrial standard 12-step advanced VPSA cycles that cannot be replicated in lab PSA system at this stage. Simulation confirmed lab findings and showed that the low system void is one of the key factors to achieve high O2 purity and cyclic performance, both of which can be achieved on our fiber modules with proper packing. The RPSA results in 10% higher product recovery as compared to conventional PSA based on packed bed with beads. The experimental and modeling work done in this SBIR Phase I project provided valuable insights for the design of a protype pilot oxygen production system for commercial-relevant deployment of this process technology. Some of these insights will be further investigated in Phase II of this project. Preliminary techno-economic analysis in the Phase I study showed that the distributed, modular O2 production facility at 50 TPD O2 capacity for a 5 MW gasification plant has a corresponding specific power consumption of 206 kWh/ton, with unit O2 cost of $37-40/ton. The current state-of-the-art (SOTA) PSA production price for oxygen is $45-52 per ton depending on the specific gas supplier, with power consumption up to 250 kWh/ton. Such potential shall be the focus of a Phase II project, with a successful demonstration at 10-20 kg/day pilot scale to pave the way for the design and deployment of a 10-50 ton/day commercial modular system to meet the DOE’s goal for distributed power production of 1 to 5 MW, in collaboration with our industrial partners, Generon and Praxair. The anticipated benefits of the proposed technology will be the development of a modular oxygen technology for gasification and other applications, including metal and glass industries, pulp and paper, chemical and refining, medical oxygen supply, oxygen for ozone production, water purification and wastewater treatment, etc.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    MAP Final Scientific / Technical Report "Rapid Design and Testing of Novel Gas-Liquid Contacting Devices for Post-Combustion CO2 Capture via 3D Printing: Modular Adaptive Packing ("MAP")"

                    
                        Technical Report
                            Meuleman, Erik; Fine, Nathan; Staab, Greg; ... 
                            

                    In Budget Period I of the Phase III SBIR project ION Clean Energy (ION) modeled, designed, and fabricated custom-made gas-liquid contactors as column internals for carbon capture applications worldwide. These internals provide significant advantages over current technologies, such as structured packings, focusing on operability and sustainability, thereby resulting in cost savings from less maintenance, lower solvent loss rates, and smaller wash sections. The main focus areas are pressure drop, heat and mass transfer, and fluid dynamics. Additionally, while additive manufacturing has tremendous freedom of design, it does require some boundaries depending on the choice of material and the printing process.more » Many parameters must be evaluated, including the shape of the inner walls and structures, the liquid-gas mass transfer contact area, the liquid-liquid heat exchange area, wall thickness, material choice, and the ratio of area for gas and liquid flow versus coolant flow. The design has been scaled from a 3” diameter, developed in Phase 2, to a 10” diameter in Phase 3. The design parameters were evaluated across a range of process parameters including: pressure drop, mass and heat transfer between gas and liquid phases, heat transfer between cooling-heating medium and liquid-gas channel, liquid hold-up, connectivity, safeguards in the event of leakage, wall effects, entrainment, flooding, and the turbulence of the fluid and gas within the packing device. All models were simulated with the same set of computational assumptions and initial boundary conditions. The first half of this report addresses the challenges of computational fluid dynamics (CFD) for computing time required to converge a simulation of one module, the results of the modelling, and describes the Model Design chosen for additive manufacturing. A pilot scale column model consisting of multiple modules is simulated to validate the approach. The report also describes printing of a full-scale module prototype in transparent polymer, resulting in the final Model Design. In Budget Period II of the SBIR Phase III award, ION built and tested a packing characterization rig at its pilot facility in Boulder, Colorado, to test a standard structured packing (Sulzer’s Mellapak250Y (MP250Y)) as well as ION's Modular Adaptive Packing (MAP). Testing on MP250Y provided baseline results for the characterization rig and was directly compared to Sulzer's hydraulic predictions. The MP250Y packing had a lower pressure drop than reported in the literature, possibly due to wall effects in a narrow column. The discrepancy demonstrates the importance of creating a baseline for the characterization rig. Similarly, MP250Y had a lower effective area than predicted by about 30% at full load. ION's MAP, a 3D-printed packing containing intracooled channels, was then compared directly to the baseline MP250Y packing. The mass transfer and hydraulics of MAP followed similar trends to MP250Y. MAP showed excellent wetting and liquid distribution, with an effective area reaching 100% of the theoretical area at high wetted rates. Without engaging the cooling feature the pressure drop was 30% greater than MP250Y, with a 25% lower effective area due to the intracooled channels and resulting lower void space. The hydraulics, mass transfer, and heat transfer of the MAP offer an ideal solution for mitigating the CO2 absorption exotherm for MEA. Future research towards commercialization includes scaling up the size of a 3D-printed module, decreasing the cost of 3D-printing, and designing MAP interconnections for multiple modules in a single layer.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    MATERIALS DEGRADATION ANALYSIS AND DEVELOPMENT TO ENABLE ULTRA LOW COST, WEB-PROCESSED WHITE P-OLED FOR SSL

                    
                        Technical Report
                            MACKENZIE, DEVIN
                            

                    Progress over Phase II of DE-FG02-07ER86293 'Materials Degradation Analysis and Development to Enable Ultra Low Cost, Web-Processed White P-OLED for SSL' was initially rapid in terms of device performance improvements. We exceeded our device luminance lifetime goals for printed flexible white OLEDs as laid out in our project proposal. Our Phase II performance target was to demonstrate >1500 hours luminance lifetime at 100 Cd/m2 from a printed flexible device. We now have R&D devices well in excess of 8000 hrs lifetime at 100 Cd/m2, tested in air. We also were able to produce devices which met the voltage target ofmore » >1500 hours below 15V operation. After completing the initial performance milestones, we went on to focus on color-related degradation issues which were cited as important to commercialization of the technology by our manufacturing partners. We also put additional focus on cathode work as the active material development that occurred over the STTR time period required an adaptation of the cathode from the original cathode formulations which were developed based on previous generation active layer materials. We were able to improve compatibility of the cathode with some of the newer generation active layer materials and improve device yield and voltage behavior. An additional objective of the initial Phase II was to further develop the underlying manufacturing technology and real-life product specifications. This is a key requirement that must be met to ensure eventual commercialization of this DOE-funded technology. The link between commercial investment for full commercialization and R&D efforts in OLED solid State Lighting is often a large one. Add-Vision's lower cost, printed OLED manufacturing approach is an attraction, but close engagement with manufacturing partners and addressing customer specifications is a very important link. Manufacturing technology encompasses development of moisture reduction encapsulation technology, improved cost performance, and reductions in operating voltage through thinner and higher uniformity active device layers. We have now installed a pilot encapsulation system at AVI for controlled, high throughput lamination encapsulation of flexible OLEDs in a novel process. Along with this, we have developed, with our materials supply partners, adhesives, barrier films and other encapsulation materials and we are showing total air product lifetimes in the 2-4 years range from a process consistent with our throughput goals of {approx}1M device per month ({approx}30,000 sq. ft. of processed OLEDs). Within the last year of the project, we have been working to introduce the manufacturing improvements made in our LEP deposition and annealing process to our commercial partners. Based on the success of this, a pilot scale-up program was begun. During this process, Add-Vision was acquired by a strategic partner, in no small part, because of the promise of future success of the technology as evidenced by our commercial partners pilot scale-up plans. Overall, the performance, manufacturing and product work in this project has been successful. Additional analysis and device work at LBL has also shown a unique adhesion change with device bias stressing which may result from active layer polymer cross-linking during bias stressing of device. It was shown that even small bias stresses, as a fraction of a full device lifetime stress period, result in measurable chemical change in the device. Further work needs to be conducted to fully understand the chemical nature of this interaction. Elucidation of this effect would enable doped OLED formulation to be engineered to suppress this effect and further extend lifetimes and reduce voltage climb.« less
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