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    Abstract

        
            The U.S. demand for lithium by the industrial sector and by a fusion power economy in the future is discussed. For a one million MW(e) CTR (D-T fuel cycle) economy, growing into the beginning of the next century (the years 2000 to 2030), the cumulative demand for lithium is estimated to range from (0.55 to 4.7) x 10/sup 7/ to 1.0 x 10/sup 9/ kg. Present estimates of the available U.S. supply are 6.9 x 10/sup 8/ kg of lithium from mineral resources and 4.0 x 10/sup 9/ kg of lithium from concentrated natural brines. There is, however, a vast supply of lithium in seawater: 2.5 x 10/sup 14/ kg. A preliminary process design for the extraction of lithium from seawater is presented: seawater is first evaporated by solar energy to increase the concentration of lithium and to decrease the concentration of other cations in the bittern which then passes into a Dowex-50 ion exchange bed for cation adsorption. Lithium ions are then eluted with dilute hydrochloric acid forming an aqueous lithium chloride which is subsequently concentrated and electrolyzed. The energy requirement for lithium extraction varies between 0.08 and 2.46 kWh(e)/gm for a range of production rates varying between 10/supmore » 4/ and 10/sup 8/ kg/y; this is small compared to the energy produced from the use of lithium in a CTR having a value of 3400 kWh(e)/g Li. Production cost of the process is estimated to be in the range of 2.2 to 3.2 cents/g Li. As a basis for the process design, it is recommended that a phase equilibria study of the solid--liquid crystallization processes of seawater be conducted. Uncertainties exist in the operation of large solar ponds for concentrating large quantities of seawater. A search for a highly selective adsorbent or extractant for Li from low concentration aqueous solutions should be made. Other physical separation processes such as using membranes should be investigated. 9 tables. (DLC)« less
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                    Annual Progress Report for the Period July 1961 Through June 1962

                    
                        Technical Report
                            Rodden, C.
                            

                    *Spectrophotometric Determination of Silicon in Thorium Dioxide* The procedure of Menis and Manning for the determination of silicon in thorium dioxide has been modified so that very refractory samples can he analyzed. *Spectrophotometric Determination of Zirconium in Thorium-Zirconium Alloys* A summary is given of a procedure developed for the determination of zirconium in thorium-zirconium alloys involving the precipitation of the zirconium-p(p-dimethylaminophenylazo)-benzenearsonic acid complex, dissolution of the complex in acid fluoride solution to release the free dye, and spectrophotometric determination of the red dye color. *Determination of Tungsten in Reactor Materials-Extraction and Spectrophotometric Determination with 8-Quinolinol* A summary is given ofmore » a procedure developed for the determination of tungsten in zirconium, Zircaloy, uranium, beryllium, and stainless steel involving the extraction and spectrophotometric determination with 8-quinolinol. *Neutron Activation Analysis of U235 with Improved Precision and Accuracy* The changes made in the method for the determination of uranium-235 by the neutron activation method, which increase the activation count sufficiently so that the precision in the 15 to 93% uranium-235 range is ± 0.1 wt. % uranium-235, and in the 0.4 to 15% uranium-235 range, ± 1% relative, are noted and evaluated. *Determination of Total Uranium in Flat Fuel Elements by Gamma-Ray Absorptiometry* A method for the determination of total uranium in metal-clad uranium fuel elements by measuring the attenuation of the 0.34 m.e.v. gamma ray of europim-152,154 has been demonstrated. The method uses a gamma-ray spectrometer to discriminate against the uranium-235 gamma rays and uses an equation to correct for the absorption of the cladding metal absorption. The precision and accuracy is of the order of one per cent. *Limitations of the Method for the Determination of Uranium-235 by Gamma-Ray Spectrometry in Flat Fuel. Elements* A limitation has been noted and measured in the method used to determine the total uranium-235 in flat fuel elements, when the absorption correction for cladding metals, such as zirconium and stainless steel, becomes appreciable. Extensive data is presented. *The Calibration of an Americium-241 Alpha Source by Alpha-Gamma Coincidence Counting* The absolute disintegration rate of an americium-241 alpha source, for use in calibration of alpha counting equipment, has been determined by means of the alpha-gamma coincidence method with a precision of 0.6$ and a probable accuracy of 1-2%. *Cation-Exchange Separation and Spectrographic Determination of Silicon in Plutonium* A cation-exchange separation of silicon from plutonium is made prior to spectrographic determination. Plutonium(lll) in dilute nitric acid is adsorbed on Dowex-50 cation resin while silicon passes un adsorbed into the effluent. The effluent is evaporated to dryness and the residue is fused with sodium carbonate. The fused residue is dissolved, aliquots are dried on graphite electrodes, capped with "boiler caps", and the electrodes are excited in a D.C. arc. "Boiler caps" in conjunction with a sodium carbonate buffer double the sensitivity normally obtained without caps in the same direct current arc methods. The lower limit of detection is 1 p.p.m. with an overall coefficient of variation of ± 9%. *Spectrochemical Determination of Boron in 8n Nitric Acid Solutions* In the spectrographic analysis of boron in plutonium about half of the boron is lost when 8N nitric acid solutions are evaporated to dryness on graphite electrodes. An investigation of the use of mannitol to complex boron and prevent volatilization during evaporation was extended to higher nitric acid concentrations not previously reported. Quantitative retention of boron in 8N nitric acid was obtained only at 6000 to 1 mannitol to boron mole ratios. At all other lower mannitol concentrations excessive degradation by the nitric acid resulted in boron recoveries of less than 90%. *The Purity 'of Plutonium Sulfate Tetrahydrate Obtained by Recrystallization and by Ion-Exchange Purification* Plutonium sulfate tetrahydrate, Pu(S04)2.4H20, 99.99% pure, studied as an analytical standard for several years, has been prepared from high purity metal (99.97%). A material of at least 99.995% purity was prepared by recrystallization, or by ion-exchange purification of this compound. Preparation of the tetrahydrate from impure waste solutions (<90$ purity) provides material of 98.2, 99.72, and 99.92% purity with three successive recrystallizations. *A Study of the Gravimetric Determination of Plutonium as Anhydrous Plutonium Sulfate* The use of anhydrous plutonium sulfate, Pu(S04)2, as a gravimetric weighing form for plutonium has been studied. When plutonium sulfate tetrahydrate is ignited at 525°C for 48 hours a stoichiometric compound results, but present tests show that heating slurries or solutions of the tetrahydrate in concentrated or 1-2N sulfuric acid does not produce the anhydrous sulfate even after 100 hours at the above temperature. Igniting the tetrahydrate dissolved in 0.1N sulfuric acid for periods up to 8l days produced a variegated material of constant but non stoichiometric weight. *Separation and Determination of Plutonium in Plutonium-Uranium Fuel Elements* Plutonium is separated from uranium in plutonium-uranium oxide and plutonium-uranium carbide reactor fuel elements by cation exchange. Initially the refractory oxide or carbide is dissolved by refluxing in concentrated nitric acid-6N hydrofluoric acid solution. After separation, plutonium is determined by potentiometric titration with potassium dichromate; uranium may be determined similarly. At least 99.9% recovery of both plutonium and uranium was obtained. *Stability of Dicesium Plutonium Hexachloride* The evaluation of dicesium plutonium hexachloride as a primary plutonium standard was continued. Current investigations of the stability of Cs2PuCl6 indicate continuing instability as the material consistently loses weight and evolves acid vapors while in storage. Hydrolysis of the compound is suspected as the cause of instability. *Preparation of Plutonium Alpha Counting Standards* The uncertainty in the experimental value obtained for the efficiency factor of an alpha proportional counter was determined by calibration with prepared plutonium standards using ordinary techniques. A value of 49.91 ± 0.57% (95% confidence level) indicated the need for more refined calibration methods for highest accuracy in plutonium assay. *Anion-Exchange Separation and Spectrographic Determination of Impurities in Plutonium* The study of the spectrographic determination of trace impurities in high-purity plutonium following the anion-exchange separation from plutonium in 8n nitric acid has been continued. Additional procedures have been developed for the estimation of potassium, cesium, rubidium, and for the analysis of plutonium sulfates using a hydriodic acid treatment for sulfuric acid removal from the ion-exchange effluent. The use of "boiler cap" electrodes and various photographic emulsions to increase the sensitivity of the method was investigated. The loss in sensitivity caused by modification of the spectrograph for gloved box operation is 50%. Twenty-two elements (Fe, Mn, Mg, pb, Cr, Ni, Al, Ag, Zn, Mo, Cu, Be, B, Cd, K, Na, Cs, Rb, Ba, Li, Pu, Am) can be determined by the method. The sensitivity of the method for plutonium was determined. *Additional Plutonium Sulfate Tetrahydrate Stability Tests* Additional data on the stability of plutonium sulfate tetrahydrate under study for use as an analytical plutonium standard has been obtained. Current tests indicate the continuing stability of the compound for periods of at least 26-28 months. *A Chemical Uranium Bias Check Program* A chemical uranium bias check program carried out in the reactor field is presented. It includes data pertaining to the preparation of synthetic known solutions similar in composition to the fuel element in question, as well as the analytical steps employed for the purpose of verifying the uranium content. The program is an example of the cooperation existing between commercial facilities and government in dealing with the accountability of SS material. *Determination of Boron in Plastic Tape Impregnated with Boron Carbide* A volumetric procedure for determining boron in plastic tape impregnated with boron carbide is described. The ash residue from a sodium carbonate treated specimen is decomposed by fusion and interfering elements removed by filtration after adjusting the test solution to pH 5.0-5-5. Boric acid is titrated with standard 0.1N sodium hydroxide in the presence of mannitol. *Evaluation of the Accuracy of Surface Ionization Mass Spectrometric Data* A ratio method of uranium isotopic analysis previously described was evaluated for accuracy by analyzing National Bureau of Standards (NBS) certified standards and New Brunswick Laboratory gravimetrically prepared materials. A systematic procedure is presented to permit the reporting of an isotopic measurement with an accuracy within that certified by NBS of the same level. Also, it is shown that gravimetrically prepared materials may be useful in determining the accuracy of small concentrations of U234 and U236. *The Determination of Impurities in Beryllium Metal by X-Ray Fluorescence* A rapid method is described for determining various impurities in beryllium metal by X-ray fluorescence using the characteristic radiation of the tungsten peak as a built-in internal standard. *The Determination of Enriched Uranium in U02-Stainless Steel Solutions by X-Ray Fluorescence* X-ray analysis is described as a rapid technique for the analysis of uranium in UO2-stainless steel materials within 5% of the uranium content.« less
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                    Retrospective on Recent DOE-Funded Studies Concerning the Extraction of Rare Earth Elements & Lithium from Geothermal Brines (Final Report)

                    
                        Technical Report
                            Stringfellow, William; Dobson, Patrick
                            

                    Rare earth elements (REE) and lithium are non-toxic metals that are considered critical materials due to their use in electronics, magnets, batteries, and a wide variety of industrial processes important for the economy and military preparedness. Demand for REE and lithium is increasing and these critical materials are imported, so identifying and exploiting domestic sources of REE and lithium is a national priority. The U.S. Department of Energy (DOE) Geothermal Technologies Office (GTO) has been in the forefront of sponsoring research investigating the potential recovery of REE, lithium, and other critical minerals from geothermal brines. It has been proposed thatmore » the future of geothermal energy should include “hybrid systems” that combine electricity generation with other revenue-generating activities, such as recovery of valuable and critical minerals, including REE and lithium. Two recent GTO funding opportunities have focused on the recovery of REE and other valuable minerals from geothermal brines. The research supported by the GTO’s mineral recovery program is focused on three areas: resource characterization, technology for the extraction of REE, and technology for the extraction of lithium (Tables 1 and 2). This report is a retrospective study examining the outcome of GTO’s two recent mineral recovery programs (DE-FOA-0001016 in FY 2014 and DE-FOA-0001376 in FY 2016). In this report, the knowledge, technology, and techniques that were developed by researchers funded by GTO are summarized and discussed. Four projects were funded to assess the concentrations and amounts of REE found in geothermal brines and oil field produced waters. The GTO-funded studies compiled publically available data on REE concentrations from brines and produced water from all over the USA. In addition, new samples were collected and characterized from major geothermal and hydrocarbon basins in the Western USA. The studies examined the relationship between lithology and REE concentrations and developed models examining the influence of geology on REE concentrations in produced brines. It was determined that REE are frequently found at higher concentrations in oil field produced water than geothermal brines, but that some geothermal areas had significant REE resources. Significant reservoirs of REE were identified in the Western USA. In some cases, concentrations of REE were more than 1000 times the concentrations found in seawater. Collectively, these studies represent a comprehensive picture of REE resources associated with geothermal and hydrocarbon systems in the USA. The studies did not examine lithium resources, but in some cases, lithium concentration data was collected. Data from these studies are housed in the Geothermal Data Repository (GDR) and represent a significant information resource and it is recommended that these data be further analyzed in a future study. Eight projects were funded to develop new technology for REE extraction from geothermal fluids. These projects investigated sorption as an approach for removal and recovery of REE from geothermal brines. The projects investigated cutting-edge technology for selective sorption of ions from complex solutions, including the application of metal-organic frameworks and biosorbent proteins. The REE sorption studies tested different combinations of metal-binding ligands and solid supports. The most promising metal-binding ligands for REE included phosphonic acid, thiol, and carboxylic acid functional groups. Ligands were attached or incorporated into a wide variety of solid supports. In most cases, attachment was via covalent bonding to organic resins, polymers, or silica-based supports. Most of the REE projects were conducted at a low technology readiness level (TRL) and showed promise, but direct comparison between technologies was not possible based on the available information. It is recommended that testing and reporting be standardized to the extent possible to facilitate comparisons between technologies. Two projects were directed at novel lithium extraction technology. Both projects investigated the use of inorganic sorbents, including manganese oxides. One study also examined the use of metal- ion imprinted polymers as selective ion-exchange resins for the separation of lithium and manganese from brines. Both approaches showed promise for the selective extraction of lithium from brines, including potentially geothermal brines. Results from these GTO studies indicated that selective REE and lithium extraction is possible, but interference from co-occurring solutes, such as calcium, magnesium, or heavy metals, will interfere with process efficiency and negatively impact process economics. Techno-economic analysis conducted as part of the resource and technology studies suggest extraction of REE from geothermal brines is unlikely to be economically viable, especially since non-geothermal produced waters frequently have higher REE concentrations. It is recommended that benchmarks for techno-economic analysis be established to the extent possible for future studies, to facilitate direct comparison of various technologies. Based on the collective results of this program, it appears that hybrid geothermal power would benefit more from recovery of lithium and other metals, rather than REE. It is recommended that future studies be conducted at a higher- TRL and that sorbents be tested against actual geothermal fluid samples. Prior higher-TRL efforts to extract metals from geothermal brines should be further evaluated for lessons learned.« less
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                    Concentrating Rare Earth Elements in Coal mine drainage Using Coal Combustion Products through Abandoned Mine Land Reclamation

                    
                        Technical Report
                            Cheng, Chin-Min; Butalia, Tarunjit; Bielicki, Jeffrey; ... 
                            

                    Rare earth elements (REEs) (including scandium, yttrium and a group of 15 lanthanides) are often considered to be critical components in the productions of renewable energy hardware, electric vehicles, health care and military equipment, and consumer electronic products. The demand of REEs has been projected to be growing at an annual rate of 5-9% in the next 25 years. In 2011, the global demand of total rare earth oxides (REOs) was estimated to be approximately 105,000 tons, which is expected to grow to 210,000 tons by 2025. China overwhelmingly dominates the current worldwide rare earth productions but has strategically restrictedmore » its exports, causing significant instability for the global market. In response to the increasing demand for REEs and the supply dominance of China, identifying alternative sources of REEs has become a critical issue for the United States and other countries. Coal, coal ash, and coal mine drainage (CMD) are considered to be the alternative sources of REEs. In the U.S., high REE concentrations have been reported to be closely associated with coal deposits, including the Appalachian Basins. When surface and/or groundwater come in contact with geologic strata containing sulfide minerals exposed by coal mining, the accelerated oxidation of sulfide minerals in the presence of ferric iron and/or oxygen can produce sulfuric acid. The process promotes the weathering of REE-bearing rocks and minerals in the host geologic strata. Compared to average river water and seawater, the concentrations of REEs can be orders of magnitude higher in CMD. In this study, we demonstrated a trap-extract-precipitate (TEP) process that can effectively recover REEs from CMD. The three-stage TEP process uses alkaline industrial by-products to capture REEs from CMD and then applies an extraction/precipitation procedure to produce a feedstock that can be economically processed to produce marketable rare earth oxides. The alkaline industrial by-products tested in this study include the residual from a water softening process (DRWP sludge) and two types of stabilized flue gas desulfurization materials (sFGDs). sFGD material is a mixture of lime (CaO) and two coal combustion by-products, calcium sulfite FGD by-product and fly ash. The objectives of this study are to (1) validate the effectiveness and feasibility; (2) determine mechanisms controlling the rare earth recovery, (3) quantify the associated economic and environmental benefits, and (4) evaluate the full-scale application. To achieve these objectives, tasks to be carried out in this proposed project are organized into three phases. In the first phase, the research team collaborated with Ohio Department of Natural Resources, American Electric Power, The Wilds (a nonprofit wildlife conservation organization), and a private landowner to carry out field investigations aimed to screen and evaluate the seasonal changes of rare earths in the CMD discharges that have high recovery potentials. Next, the recovery of REEs from CMD was tested using a series of lab-scale column and batch tests under, respectively, percolation and completely mixed conditions. Results obtained from these lab-scale studies show that all three tested solids are very effective in retaining REEs. Over 98% of the CMD REEs that contacted the solids were captured before the solids exhausted their neutralization capacities. We also determined an extraction process using a non-acid, organic ligand extraction solution that can effectively remobilize the retained REEs from the spent solids (over 90%). The REE concentrate (>7.5 wt. % of total REEs) is then formed in an aeration process. The TEP process uses environmentally benign industrial by-products and a naturally-occurring organic ligand to mitigate CMD and recover REEs. Techno-economic analysis (TEA) and life-cycle assessment (LCA) was carried out in the third phase. The engineering-economic costs and net energy, net CO2 emissions, and water and other requirements were investigated to understand the economic and environmental implications of this process. This work uses mass and energy balances from laboratory-scale experiments to estimate the economic costs and environmental impacts. The results suggest that passive treatment systems that use DRWP sludge are preferred over those that use sFGD material, because of lower economic costs ($89,300/yr with a unit cost of $86/gT-REE vs. $89,800/yr, or $278/gT-REE) and improved environmental performance across all indicators from two different impact assessment methods. These differences are largely attributable to the larger capacity of DRWP sludge in the passive treatment application. We envision this TEP process can be integrated with abandoned mine land (AML) reclamation to create an approach that can add economic incentives for AML reclamation, remediate CMD discharge, and eliminate public safety hazards and threats to local environment and ecological systems posed by AMLs. It can restore lands and communities that are adversely impacted by legacy mining.« less
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                    Characterization of cadmium and zinc in four soils treated with sewage sludge

                    
                        Journal Article
                            Mullins, G; Sommers, L

                    Cadmium and Zn were characterized in soils treated with 100 Mg ha/sup -1/ of an anaerobically digested sewage sludge from Chicago, IL. The four soils included a Chalmers silt loam, Celina loam, Celina slit loam and a Plano slit loam. The single application of sludge supplied 19 kg Cd ha/sup -1/ and 340 kg Zn ha/sup -1/. Four or five crops of barley (Hordeum vulgare L.) had been grown on each site prior to soil sampling. Soil solutions obtained by a centrifugation method contained Zn in the range of 1.4 to 10.5 ..mu..mol L/sup -1/ while Cd ranged from 18more » to 135 nmol L/sup -1/. The addition of sludge increased the concentration of both metals in the soil solutions of all four soils. Evaluation of soil solution data with the computer program GEOCHEM showed that >85% of the total soluble Cd and >91% of the total soluble Zn existed as the free metal ion. Sludge addition increased the amount of Cd and Zn extracted by DTPA and 4 M HNO/sub 3/. The relative increases in soil solution and extractable Cd and Zn were different in each of the four soils even though the same sludge was applied at the same rate. Diffusion coefficients measured with a cation exchange resin paper method (D/sub e/), ranged from 1.8 x 10/sup -11/ to 1.7 x 10/sup -9/ cm/sup 2/s/sup -1/ for Zn and from 5.2 x 10/sup -11/ to 3.2 x 10/sup -10/ cm/sup 2/ s/sup -1/ for Cd. The application of sludge had little or no effect on the magnitude of D/sub e/ for either Cd or Zn as measured by the resin paper method, but the diffusion coefficients for Zn were inversely related to soil pH. Increases in the flux of Cd and Zn to plant roots in sludge-treated soils will be reflection of changes in soluble and extractable Cd and Zn.« less
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