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VEE N OV A B
Synthesis and Characterization of Amorphous Cu-Ta Alloy by Mechanical Alloying

The solid state reaction by mechanical alloying (MA) generally proceeds by
lowering the free energy as a result of chemical reaction at the interface between
the two adjacent layers. However, it has been also known that some
thermodynamically stable intermetallic compounds can be made amorphous when
subjected to MA. A similar situation is also expected to occur in MA process for a
mixture of two different pure elements with a positive heat of mixing, since no
chemical driving force to lower the free energy is a prior present in these systems.
The mechanical alloying has been carried out on the Cu-Ta system with a positive
heat of mixing. The formation of an amorphous phase in this system by MA has
been evidenced from not only the atomic-level structure analyses by means of
neutron diffraction and X-ray diffraction measurement, but also thermal analysis of
MA powders. The amorphization mechanism in the Cu-Ta was analyzed in detail by
comparing the results to that in a companion system Ni-Ta with a large negative
heat of mixing. In this way, we can point out what is the uniqueness in the

amorphization process in the system with a positive heat of mixing.
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R N OGEEMEEE - NMR Studies of Hydrogen Dynamics in Hydrogen-Storage Materials

The development of hydrogen-storage materials requires a basic
understanding of the hydrogen diffusion mechanisms. Nuclear Magnetic Resonance
(NMR) offers unique capabilities to measure the hydrogen diffusivity on both
microscopic and macroscopic scales. The jump frequency of the hydrogen atoms
can be deduced from the spin-lattice relaxation rate. The long-range diffusivity, on
the other hand, can be measured directly by means of pulsed-field-gradient spin-
echo NMR. The talk will give four examples of our NMR studies of hydrogen
diffusion in metallic and in carbon-related systems:
The hydrogen diffusivities in the hydride phases of the transition metals, which
have been studied in great detail, indicate quite different diffusion mechanisms in
the group Illa (Y, La) and the group IVa (Ti, Zr, Hf) .
In many intermetallic compounds, such as the Laves-phase compound HfTi .
Hx, the NMR data reveal the co-existence of different diffusion processes. The long-
range diffusion takes place by jumps between tetrahedral Hf ; Ti ;-sites, whereas the
localized motion occurs within hexagons formed by six Hf ; Ti .-sites. The hydrogen
motion in the intergrain regions and within the crystalline grains of nanostructured
vanadium-hydrides could be measured independently by NMR. In the intergrain
regions, the hydrogen diffusivity is substantially higher than inside the grains.
Furthermore, a wide distribution in the activation energies has been found for
hydrogen in the intergrains. Carbon-related materials are very promising candidates
for the development of hydrogen-storage materials. Nanostructured carbon-hydrogen
systems with hydrogen concentrations up to 74 mass% were prepared by
mechanical milling under hydrogen atmosphere. The first NMR studies of hydrogen
diffusion in these systems was presented. The NMR data indicate activation

energies for hydrogen motion between about 50-80 meV.
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