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    Abstract

        
            Using thorium as a plutonium surrogate, homogeneous glasses have been processed ranging from 15 to 20 elemental weight percent thorium with 0 to 5 elemental weight percent uranium. Homogeneous glasses have been processed at 1,475 C with residence times ranging from 1 to 12 hours. High ramp rates successfully inhibited thorium silicate formation. Residence times of 5 to 7 hours were required for static melts to become homogeneous for glasses containing 15 elemental weight percent thorium. Thorium dissolution rates have been determined for glasses containing 15 elemental weight percent thorium with and without the addition of uranium. When compared to identical glass compositions which were not stirred, stirred melts produced homogeneous vitreous products with an 80 percent reduction in residence time. A 20 elemental weight percent thorium glass was produced at 1,475 C by adding 2 elemental weight percent uranium. Without the addition of uranium, a melt temperature of 1,500 C was required.
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                    Homogeneous glass processing region defined for a lanthanide borosilicate glass composition for the mobilization of plutonium using thorium as a surrogate

                    
                        Technical Report
                            Meaker, T
                            

                    A ternary diagram showing the homogeneous glass processing region of a base frit, rare earth oxide and thorium oxide has been developed for a residence temperature of 1475 C. Thorium oxide was used as a plutonium surrogate. All ThO2 glasses that were processed included a 1:1 mole ratio of Th to Gd. Gadolinium is added to the glass as a neutron absorber. Forty individual glass compositions were melted at 1475 C for 4 to 6 hours with periodic stirring. Two glasses (B-20-25 and B-25-25) were processed with a ThO2 loading of 25 weight percent (oxide) without amorphous phase separation ormore » crystalline species detected by X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM) or Transmission Electron Microscopy (TEM). These were processed with 55 weight percent frit, 20 weight percent rare earth oxides and 50 percent frit, 25 percent rare earth oxides. Crystalline species that formed outside of the homogeneous glass processing region due to solubility limits or insufficient processing temperature were identified. Amorphous phase separation was detected and examined by TEM at high ThO2 loadings (20 to 30 weight percent oxide). The base frit was able to dissolve up to 65 weight percent rare earth oxides when thorium oxide was not present. Durability testing will be performed on three glasses from three different regions of the homogeneous glass processing region. Product Consistency Test (PCT) results are pending and will be added to this document under a future revision.« less
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                    Compositional development of a plutonium surrogate glass without listed RCRA elements (lead and barium)

                    
                        Technical Report
                            Meaker, T
                            

                    A lanthanide borosilicate (LaBS) glass composition, being evaluated by Savannah River Technology Center (SRTC) or plutonium disposition as part of the U.S. Department of Energy`s (DOE) Office of the Fissile Materials Disposition (OFMD) program , has been processed with greater than 15 elemental weight percent thorium (a plutonium surrogate) without the presence of lead oxide in the glass. The glass composition is a result of several efforts to remove the lead by replacing it with strontium and sodium. The initial melts that included sodium and considerably lower aluminum resulted in visible phase separation. Two homogeneous lead free melts have beenmore » processed. The first one replaced one-fifth of the total lead with Sr on a mole percent basis. Other changes included slightly less aluminum with increases in boron and silica. The second glass composition was exactly the same as the first with an additional 1:1 replacement of barium with strontium on a mole percent basis. This last composition contains no elements considered to be hazardous as defined by the Resource and Conservation Recovery Act (RCRA elements). The Product Consistency Test (PCT) results of these two homogeneous glass composition show them to be slightly more durable than the original lanthanide borosilicate glasses (with lead) loaded with thorium« less
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                    The Impacts of Uranium and Thorium on the Defense Waste Processing Facility (DWPF) Viscosity Model

                    
                        Technical Report
                            CAROL, JANTZEN
                            

                    The Defense Waste Processing Facility (DWPF) at the Savannah River Site (SRS) vitrifies high level liquid waste (HLLW) into borosilicate glass for stabilization and permanent disposal. The viscosity of the borosilicate glass melt as a function of temperature is the single most important variable affecting the melt rate and pour ability of the glass. The viscosity determines the rate of melting of the raw feed, the rate of glass bubble release (foaming and fining), the rate of homogenization, the adequacy of heat transfer, the devitrification rate, and thus, the quality (in terms of glass homogeneity) of the final glass product.more » If the viscosity is too low, excessive convection currents can occur during melting, increasing corrosion/erosion of the melter materials of construction (refractory and electrodes) and making control of the melter more difficult. The lowest glass viscosities allowed in the DWPF melter have, therefore, been determined to be approximately 20 poise. DWPF glasses must pour continuously into a large steel canister for ultimate storage in a geologic repository, but glasses with a viscosity greater than or equal to 500 poise do not readily pour. Moreover, too high a viscosity can reduce product quality by causing voids in the final glass. A conservative range of 20-110 poise at a melt temperature, Tmelt or Tm, of 1150 degrees C was, therefore, established for DWPF production. In summary, a uranium term is not needed in the DWPF viscosity model as long as the U3O8 concentrations of the glasses being melted are less than or equal to 5.76 wt percent, the maximum value examined in this study. The fact that a U-plus-6 term is not needed in the DWPF viscosity model is consistent with the fact that U-plus-6 has four bridging and two non-bridging oxygen bonds. Therefore, the impact of the number of bridging and non-bridging oxygens is approximately equal at U3O8 concentrations of less than or equal to 5.76 wt percent. Uranium may not have an impact at higher U3O8 concentrations but this would have to be demonstrated since the effects of the 0.66:0.33 BO to NBO ratio may become more significant as the U3O8 content increases. While U-plus-6 appears to have little to no impact on glass viscosity, this may or may not be true for U-plus-4 and U-plus-5 in glass since these species were not examined in this study. This is of especial note since the DWPF is currently operating at a REDOX target of 0.2 where 45 percent of the uranium is U-plus-6, 45 percent is U-plus-5, and 10 percent is U-plus-4. An additional 26 glasses for which 98 viscosity-temperature measurements were available indicate disparate roles for ThO2 depending on the U3O8 concentration and the Al2O3 concentration of the glasses measured. For the data generated on three DWPF glasses at SRNL where the ThO2 content and U3O8 content were each in the 2.5-3.0 wt percent range, the presence of ThO2 made the melts more fluid. This is consistent with what is known from the literature about the coordination chemistry of Th-plus-4 in glass, e.g. that it may act as a weak network modifier. However, twenty two West Valley mixed uranium-thorium glasses with U3O8 approximately 0.6-0.7 wt percent and ThO2 of 3.5-3.6 wt percent, demonstrate a trend toward more polymerized melts (higher viscosities). The West Valley glasses are much higher in Al2O3 than the glasses measured at SRNL although they are in the range of the DWPF viscosity model. This indicates that there may be a synergistic interaction between ThO2, U3O8, and Al2O3 that needs further investigation.« less
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                    Neptunium immobilization and recovery using phase separated glasses

                    
                        Technical Report
                            Meaker, T
                            

                    A phase separated (amorphous) glass has been developed which allows very efficient recovery of +4 valence actinides. The total amount of crystal formation in a heat treated vycor-type glass can be controlled with time, temperature and loading. Heat treatments at lower temperatures and for less time inhibit crystal formation while still allowing significant phase separation. If the Thorium loading exceeds 10 weight percent oxide, crystal formation during heat treatment may not be avoided. The total amount of crystal growth has a direct affect on thorium leachability. An increase in crystal formation limits the Th recovery significantly. High thorium loaded glassesmore » (15 weight percent) with heat treatments (increased crystal formation) leach at approximately the same rate as non-heat treated glasses. A phase separated (amorphous) glass has been produced using thorium as a surrogate for neptunium. Two different homogeneous vycor compositions targeting 10 and 15 weight percent thorium oxide have been processed, heat treated and leached with concentrated nitric acid at 110{degrees}C. Thorium recovery rates have been shown to be considerably better when the glass has been heat treated inducing phase separation that is relatively crystal free. Non-heat treated and crystalline (due to heat treatment) glasses have similar Th recovery rates with respect to surface area. Phase separated amorphous samples were found to have significantly higher thorium concentrations in the leachate compared to non-heat treated and crystalline glasses for all mesh sizes. All glasses had increased thorium concentration in the leachate as surface area increased.« less

                        
                            	https://doi.org/10.2172/522729
	Full Text Available


                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    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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