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    Abstract

        
            The tracer self-diffusion data for fcc and refractory bcc metals are briefly reviewed with respect to (i) the available monovacancy formation and migration properties and (ii) the high-temperature diffusion enhancement above that expected for mass transport via atomic exchange with monovacancies. While the atomic-defect mechanism for low-temperature self-diffusion can be reliably attributed to monovacancies, the mechanisms responsible for high-temperature mass transport are not so easily defined at this time; both divacancies and interstitials must be seriously considered. Possibilities for improving our understanding in this area are discussed. 68 references, 7 figures.
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                    Atomic-defect mechanisms for diffusion in refractory bcc metals

                    
                        Conference
                            Siegel, R; Mundy, J; Smedskjaer, L
                            

                    Despite a number of recent investigations into the nature and properties of equilibrium atomic defects in the refractory bcc metals, the mechanisms responsible for the high-temperature mass transport in these materials are not clear. The observed strong high-temperature enhancement in self-diffusion appears to be unexplainable in terms of divacancies, but might result from the presence of small equilibrium concentrations of highly-mobile self-interstitials. Recent vacancy formation measurements in Cr appear to support this view. However, recent studies of diffusion in Nb(W) alloys and high-temperature vacancy migration in W have raised new issues to be considered.
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                    Vacancy defect mobilities and binding energies obtained from annealing studies. [Review, migration energies, formation heat]

                    
                        Conference
                            Balluffi, R.
                            

                    A review is given of our current knowledge of the mobilities and binding energies of vacancy defects in a number of FCC and BCC metals (i.e., Cu, Ag, Au, Pt, W and Mo) as derived from annealing experiments after quenching and/or irradiation. It is concluded that vacancy defects are retained by quenching in all of these metals, and that Stage III annealing after irradiation occurs by the migration of vacancy type defects. The annealing process after quenching is potentially complex and in Au and Al may involve at least mono-, di-, and tri-vacancies. Annealing in Stage III after irradiation canmore » also be complex and involve at least mono- and divacancies. Great difficulties are therefore involved in extracting reliable defect properties from such experiments. The monovacancy migration energies derived from annealing experiments after both quenching and irradiation are in reasonably good agreement for most of the metals. Also, the sum of the monovacancy migration energy and the formation energy is in reasonable agreement with the activation energy for self-diffusion due to monovacancies. The temperature of Stage III annealing after irradiation is generally lower than the temperature of the annealing after quenching because of a smaller number of defect jumps to annihilation in the former case. The limited available information about divacancies in the FCC metals indicates that they possess binding energies in the range 0.1 to 0.3 eV and migrate more easily than monovacancies. The even more limited information about trivacancies in Au and Al indicates that they are at least as mobile as divacancies and are rather loosely bound. No comparable information about divacancies and trivacancies in the BCC metals is yet available.« less
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                    Anomalous diffusion in the BCC phases of IVB-metals and their alloys

                    
                        Conference
                            Herzig, C

                    Anomalous fast self-diffusion, resulting in small values of the frequency factor and the activation energy in the temperature range close to the phase transformation, is observed in the bcc-phases of the IVb-metal and IVb-metal alloys. Previous explanations of this behavior are briefly reviewed. Results of the temperature dependence of self-diffusion and of the isotope effect in {beta}-Zr and {beta}-Hf are presented. Remarkably curved Arrhenius plots were obtained for Zr-tracer diffusion in bcc alloys of Zr with Nb and Ti, which stabilize the {beta}-phase. Corresponding experiments in the Zr-Sc system are in progress. The results are explained assuming a monovacancy mechanismmore » in combination with phonon assisted diffusion jumps, which become increasingly important as the temperature of the phase transformation is approached. In the bcc lattice the LA-2/3(111) phonon mode shows a considerable softening. As a consequence atomic fluctuations may be very much promoted by this mode thus reducing the effective migration energy for jumps in the <111> direction.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Self-diffusion mechanism in solid sodium by NMR

                    
                        Journal Article
                            Bruenger, G; Kanert, O; Wolf, D - Phys. Rev., B: Condens. Matter; (United States)
                            

                    The self-diffusion mechanism in solid sodium has been determined by means of NMR. For that purpose, the spin-lattice relaxation times T/sub 1/ and T/sub 1rho/ and the Knight shift K of /sup 23/Na in ultrapure sodium have been measured as a function of temperature in the range of 10< or =T< or =371 K (melting point). At all temperatures, the Zeeman relaxation time T/sub 1/ is determined by conduction electrons leading to a volume-corrected Korringa relation of T/sub 1/T=4.68 +- 0.13 K s. In the temperature range 150 --280 K, an additional contribution to the rotating-frame relaxation rate, T/sup -1//submore » 1rho/, arising from fluctuations in the nuclear dipole interaction due to atomic self-diffusion is observed. By comparing the motion-induced part of the relaxation rate with the tracer measurements of Mundy, the correlation factor and thus the self-diffusion mechanism in sodium is determined. The following three diffusion mechanism have been assumed to interpret the observed curvature in the Arrhenius plot: (1) a combination of mono- and divacancies; (2) monovacancies alone with a temperature-dependent pre-exponential factor and activation enthalpy; and (3) monovacancies with the possibility of vacancy double jumps. It is found that the temperature dependence of the measured correlation factor is consistent with the simultaneous migration of mono- and divacancies while the other two mechanisms can be ruled out as solely responsible for the observed effects.« less
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                    Theory of correlation effects in diffusion

                    
                        Conference
                            Wolf, D
                            

                    Among the three diffusion models considered only the combination of mono- and divacancies permits a self-consistent interpretation of the NMR and tracer results. In the temperature range investigated (150-280K) the mechanisms of Gilder and Lazarus and Da Fano and Jacucci involving monovacancies alone appear to play a minor role only. At higher temperatures the most likely mode of divacancy motion favors 2n and 4n divacancy configurations over 1n configurations while at lower temperatures in configurations may plat an important part in the diffusion process. These basic conclusions concerning the diffusion mechanism in sodium have been obtained independently very recently bymore » means of quasielastic neutron scattering by Boeltz et al for temperatures between 323K and the melting point, a temperature range which does not overlap with the range accessible to NMR relaxation experiments.« less
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