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    Abstract

        
            Uranium and uranium alloys can be readily machined by conventional methods in the standard machine shop when proper safety and operating techniques are used. Material properties that affect machining processes and recommended machining parameters are discussed. Safety procedures and precautions necessary in machining uranium and uranium alloys are also covered. 30 figures.
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                    Melting and casting of high quality uranium and uranium alloy ingots. [U--0. 75 Ti; U--2 or 10 Mo; U--2 or 6 Nb; U--7. 5 Nb--2. 5 Zr]

                    
                        Conference
                            Banker, J
                            

                    Uranium alloys containing titanium, niobium, zirconium, and molybdenum are produced in batches weighing up to 800 kg and cast into ingots or final shapes. The processing techniques utilized depend upon the alloy composition and upon quality limitations. Unalloyed uranium and alloys containing titanium and molybdenum are normally produced by vacuum induction melting; however, these alloys can also be produced by vacuum arc melting if high purity is necessary. The U--2 Nb alloy is generally produced by induction melting unalloyed uranium with U--6 Nb alloy scrap. Large ingots of U--6 Nb and U--7.5 Nb--2.5 Zr are generally produced by vacuum arcmore » melting. When some refining of the charge material is required, such as in the consolidation of U--7.5 Nb--2.5 Zr machine turnings, electroslag melting is often desirable. Details of the various alloys and their respective characteristics and processing procedures are discussed under each process category. 7 tables, 10 figures. (DLC)« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Melting and casting of uranium and uranium alloys

                    
                        Technical Report

                    Uranium and uranium alloys are typically vacuum induction melted in graphite crucibles, but due to the chemical reactivity of uranium and most alloying elements with carbon, a protective coating is generally applied to the crucibles. The form of the melting stock and final ingot shape may also influence the specific melting technique chosen. The major impurities in uranium are iron, silicon, aluminum, copper, nickel, magnesium, and carbon. Minor high-vapor-pressure contaminants can be removed by volatilization during vacuum-melting operations while the other listed elemental contaminants remain. These impurities should be monitored and controlled to insure expected future metallurgical response to processing.more » This paper discusses common-practice processing procedures and equipment requirements. Emphasis is placed on processing parameters necessary for obtaining repeatable results. 14 figures.« less
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                    THE PREPARATION AND PROPERTIES OF ZIRCONIUM-URANIUM-HYDROGEN ALLOYS

                    
                        Technical Report
                            Merten, U; Dijkstra, L; Carpenter, F; ... 
                            

                    Zirconium hydride was chesen as the moderator for a group of solid homogeneous reactors currently on the market. The fuel material for these reactors is prepared by first making a zirconium-enriched uranium alloy by conventional melting techniques and then adding hydrogen at elevated temperature in a gas-handling system. All necessary forming operations are performed on the zirconium- uranium alloy before the hydrogen is added, so that the relatively brittle final alloy is ready for cladding without further handling. Zirconiumhydrogen and zirconium- uranium- hydrogen alloys containing up to 10.9 hydrogen atoms per zirconium atom have been prepared by this direct hydridingmore » technique. The hydriding conditions must he somewhat carefully controlled if cracking or disintegration of the material during hydriding is to be avoided. The physical disruption which often accompanies such a process can be understood in terms of the phase changes which occur during the hydriding. Thus, at the temperatures employed, approximately one mole of hydrogen can be added per mole of zirconium before the solubility of hydrogen in beta zirconium is exceeded. Further hydrogen additions cause precipitation of a brittle hydride phase, with the result that proper control of this portion of the procedure is particulyarly important. An investigation of a portion of the zirconium-uranium-hydrogen phase diagram has been made to help determine the optimum conditions for preparing the ternary alloy. This investigation was carried out, in part, by an unusual dilatometric technique in which one alloy component, hydrogen was added isothermally in the dilatometer. This technique gave directly the most useful quantities, the density changes which occurred on hydriding. Measurements of physical properties and observation of gross radiation effects have shown the ternary alloy to be suitable for the low-power use intended, and have begun to define tbe general operating conditions under which the material is useful. (auth)« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Effect of electrical discharge machining on uranium-0. 75 titanium and tungsten-3. 5 nickel-1. 5 iron alloys

                    
                        Technical Report
                            Anderson, R.
                            

                    It was found that U--0.75 Ti alloy cracked if the EDM parameters were out of control, and precipitation of carbides adjacent to the EDM surface took place during subsequent solution quenching. Cracks form in the ''recast'' layer when solution-quenched U--0.75 Ti alloy undergoes EDM, and the cracks propagated during subsequent nickel plating. If the recast layer was removed prior to nickel plating, only a slight loss in strength resulted, compared to conventional machining. W--3.5 Ni--1.5 Fe alloy also sustained some surface damage during EDM and also experienced a small loss in strength compared to conventionally machined material. 12 figures, 4more » tables.« less
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                    Using machine-learning to understand complex microstructural effects on the mechanical behavior of Ti-6Al-4V alloys

                    
                        Journal Article
                            McElfresh, Cameron; Roberts, Collin; He, Sicong; ...  - Computational Materials Science
                            

                    Structural materials properties are highly dependent on their microstructure. Their microstructure is in turn affected by multiple fabrication and thermo-mechanical treatment parameters, all of which conform a highly-dimensional parametric space with often hidden correlations that are difficult to extract by experimentation alone. This is particularly true for alloys of the dual-phase Ti-6Al-4V family, with their greatly complex and rich microstructures, which combine several intrinsic length scales associated with multiple grain and subgrain structures, grains with different crystal lattices (α and β phases), and complex chemistry. In this paper we use a comprehensive set of machine learning techniques to develop predictivemore » tools relating the yield strength and hardening rate of these alloys to a set of input parameters covering extensive ranges. The data generator is a finite-element crystal plasticity model for polycrystal deformation that takes into account slip anisotropy and employs standard dislocation evolution models for the α and β phases of Ti-based alloys. Our dataset includes over two thousand independent simulations and is used to train the machine learning models, which are then used to establish correlations between microstructural parameters and the alloys’ mechanical response. Our results point to the most influential parameters affecting yield strength and hardening rate, information that can then be used to guide experimental synthesis and characterization efforts to save time and resources.« less
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