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Project Description 

ORNL has developed and demonstrated a novel carbonate thermochemical cycle for the production of hydrogen. This thermochemical cycle has a small number of process steps that are all spontaneous at relatively low-temperatures and pressures. Uranium is used at temperatures well below 700ºC to decompose water (H2O) to produce hydrogen (H2). To accomplish this, steam and other gases are passed through a mixture of uranium oxides and other chemicals at temperatures of 625ºC and above. With these noncorrosive reagents and relatively mild temperatures and pressures, the processing equipment and the construction materials for the required unit operations are commercially available off the shelf.  This thermochemical cycle has several advantages over competing processes because the chemical mechanisms proposed require no inventory of volatile hazardous chemicals and have operating temperatures that are compatible with common materials of construction. This proposed work has (a) corroborated the key postulated mechanisms, (b) conducted a preliminary analysis of the process efficiency, and (c) established the technical and environmental viability of the process.
Mission Relevance 

This project directly supports the Presidential Initiative on the development of a hydrogen economy. Replacing fossil fuels will require massive quantities of hydrogen to supply fuel for cars and other industrial purposes. The United States Department of Energy (DOE) Hydrogen Program will benefit the most from the success of this project. It is generally accepted that thermochemical cycles are the most efficient methods to produce hydrogen at large scale. This uranium based thermochemical process can use heat provided by nuclear reactors and/or solar collectors, making it an environmentally acceptable bulk-hydrogen source. Therefore, DOE’s Nuclear Hydrogen Initiative and the Energy Efficiency and Renewable Energy Hydrogen, Fuel Cells & Infrastructure Technologies Program will benefit from the development of this process. The Department of Defense also benefits from the success of this project because of its critical need for hydrogen to feed fuel cells and serve as an alternative fuel for battlefield vehicles.

Results and Accomplishments

Several experiments were performed during FY 2007 that demonstrated the production of hydrogen using uranium oxides as the starting material. In addition, thermodynamic calculations were made based on possible reaction equations for various uranium oxides to assess which oxides can produce the most hydrogen. 

This work has demonstrated the overall feasibility of the Carbonate Thermochemical Cycle using common laboratory equipment.  Experiments were conducted that verified forward and back reactions (all steps after the forward reaction have been demonstrated on an industrial scale) in a series of reaction stages.  The process is fed with water and it is comprised of five stages in which the hydrogen is produced in the first stage and the recycle of the uranium compounds and production of oxygen are achieved in the other four.  In addition, thermodynamic calculations have verified the feasibility of the expected chemical reactions and have predicted the overall efficiency to range between 30-70 percent. 
 Patent application US11874958 has been filed for this process.  In addition, discussions are underway with the DOE EERE program office to seek follow-on funding for this work and we have had an inquiry from a commercial interest on this technology.  
We will conduct additional experiments to further validate the process steps for the remainder of this project.

