Lattice Confinement of Hydrogen in FCC Metals for Fusion Reaction
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The experimental data for the nuclear fusion cross sections at energies ≤10 keV in a number of facecentered cubic (FCC) metals manifest huge enhancements and indicate large values of the screening
potential. This could imply the possibility of nuclear fusion in the metals with clusters of hydrogen
isotopes with high local densities and high screening.

Our studies of the hydrogen segregation at divacancies (V2) and impurity-vacancy (V-I) clusters in
nickel using ab-initio calculations [1] showed a very high local concentration of hydrogen isotopes
segregated to monovacancies and divacancies in FCC metals such as Ni and Pd with densities of ≈ 6
× 1023 atom/cm3. This is much higher than for the other known phases of H except for the core of
the Sun. Calculated binding energy varies from ≈ 0.27 eV for mH-V clusters to 0.4 eV for mH-V2
clusters and shows a sufficient stability of these clusters. The average H concentration can be
further increased by doping impurities with enlarged binding energy of mH-V-I clusters.
These findings were confirmed by a large series of experiments on Ni samples and Ni samples with
Li and Al impurities loaded with hydrogen with subsequent thermal desorption. Achieved average
H concentration in Ni was ≈ 1021 atom/cm3 , which corresponds to ≈ 1 at % of the mH-V and mH-V2
cluster concentration.
The mH-V and mH-V2 clusters can be viewed as the “Nuclear active environments” suggested in the
review paper by E. Storm[2] and can shed light on a number of published experimental results[3].
We estimated the cross sections and reactivities for the nuclear reactions between light nuclei in Ni
and Pd using the screening model based on the mean field potential of the electron cloud in the
metal plasma and the experimental values of the screening potential[4]. The maximum values of the
enhancement factor for the reactivity in D-D reaction was found to be for the average excitation
energy Eex= 2.3 eV for Ni and Eex= 4.7 eV for Pd.
The ignition of the nuclear reaction requires the energies in D nuclei at least several eV, which is far
above what can be achieved in the thermal heating experiments. The reaction rate for a single 6D-V
cluster in Ni is estimated to be R = 3× 1013 s-1. This high burning rate indicates that the average
reaction rate in a crystal will be determined by the diffusion and segregation of H isotopes at the
mD-V and mD-V2 clusters. Thus, these clusters make the most probable environments for the
LENR.
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