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Report:

The change of a systems dimension is known to enfte the physical properties. This effect will be
remarkable when the system dimension is reduceth@¢oorder of nano-size, yielding different phase
boundaries in phase diagrams and different meamanid phase precipitatiofiL-3]

To study the impact of both microstructure and naeatal stress contributions on the thermodynamiics o
nano-sized systems, series of electrochemical gdréoading experiments have been carried out aBM
for different metal-hydrogen thin film systems (Rdg) with different initial film thicknesses in thenge
from 16 to 1400 nm and different loading conditions

For 16 nm epitaxial Pd thin films it was shown tli@tkness fringes reappear after film loading ap t
concentrations of . c= 0.90 H/Pd, revealing that phase boundaries letwe and -phase stay coherent
throughout reversible phase transformations [4)\weleer, even for these very thin films tekgohase out-of-
plane lattice parameter was shifted systematitaliyalues smaller than the lattice parameter optiestine
film, showing that misfit dislocations form betwettre film and the substrate during H-loading, Begl.

As the second part, nanocrystalline 1400 nm of NMgsf have been investigated. Mg has been identified
as one of the promising candidates owing to thé higdrogen content (7.6wt%) of its hydride. However
Baldi et al. [5] reported that it is not possible to completeydride Mg thin films with more than 100 nm
thickness because of the formation of a surfaceithgdlocking layer. Recently, we reported that riel
formation is possible for Mg-film thickness up t88Lnm by electrochemical loading technique, and ttha
thickness of the hydride layer can be tuned by @rdépading condidtions, even at room temperatutelfb
this measurements, we focused on the influenceaafihg current density on the evolution of inneess of
nanocrystalline Mg-films, by monitoring bragg pediking electrochemical hydrogen loading. In-platress
states were calculated for each peak positionrthagal out-of-plane lattice distorsion [7], applyielastic
properties of the material and stress-free bullicktparameters as reference.[8] Phase transititetiks at
several hydrogen concentrations was also evalusednonitoring the relative peak area change of Mg
(0002) reflection at each hydrogen concentratisnt & consumed by nucleation of thehydride phase.

Mg films were deposited on Si (100) substrateatr temperature by means of Ar-sputtering method.
20 nm of Pd layers were also deposited before #ed g deposition, to prevent oxidation and coiwos
due to a contact with the electrolyte. A Mg (00@2xture was observed for the prsitine samples. An
investigation of the reflex positions of the comagrégH,-(110) peak was complementrarily done in this
measurement. Two different hydrogen loading coaditiof the maximum current density [A/cm?] ) were
adopted,i < 4 10° for Sample 1 and < 2 10° for Sample 2, respectively. Hydrogenation kineticss



evaluated from the relative peak area change of(80§2) at each hydrogen concentration Plotting the
growth of hydride layer thickness as a functios@diareroot of time yields the diffusion constanhydrogen.
This evaluation is possible as far as the bendihghe substrate is negligible. Upon hydrogenatian,
crystallgraphic orientation matching of Mg-(000R)gH>-(110) is known [6].

Fig.2 shows the result of the change of the Mg (0002kpat each hydrogen concentration in
equillibrium states. Both samples revealed increpsbmpressive stress change to the initial s{at® Ac =
-0.4 GPa (Sample 1) ad = -0.25 GPa (Sample 2) in the hydrogenation pseEedeing charged up tg ¢
=5 10° H/M (Sample 1) and,c= 7 10° H/M (Sample 2). Here, the tensile direction isined as positive
direction of thes. Comparing at ¢ = 5 10° H/M, the slowly loaded Sample 1 achievad = -0.4 GPa,
which is larger than that of Sample 2c¢(= -0.06).. Both sample revealed a decrease ofirtiq@ane
compressive stress for further hydrogenation. Tihisttributed to a detatchment of the films, oplyca
observed after the loading. Obtained diffusion tamts decrease logarithmically from the order ot1®°s™
(ch < 10°) to 10%° m?s™ (10%< o4 < 10%) as the hydrogen concentration increases. Howévese values are
more than 3 orders larger than the diffusion caontstaf hydrogen in the bulk pure Mg at room temper
(10%° m’s™), reported by Spatet.al.. [9] This indicates that grain boundaries arerapdrtant pathway for
hydrogenation of nanocrystalline Mg films, espdgiat higher hydrogen concentrations.

Fig.3 shows the Bragg-Peak of tieMigH, (110), in the concentration range @f<5 10° to g,= 4 10*
for sample 1. Crystallographic orientation matchfag the thin films results in strong intensity $osThe
maximum intensity and best S/N ratio peaks of tydride peak for both samples were observed atiagtil
degree range af = 2.0 - 3.5. Deviated distributions of cohereritese positions could possibly apply for the
hydride sub-lattice.
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Fig.1In epitaxial Pd thia fims of 16 nm  Fi9:2 XRD peaks of Mg0002) of Sample 1 Fig.3 The Mgt (110) change for the

thickness thickness fringes agpear reversitind Sample 2 at each hydrogen concentratiGasnple 1 at_severa! hydrogen cortcation

after loading the films up to cH = 0.90 H/p&c+=H/Mg), described in the left side and thedegrees. Psi-angle is tilted for the curve of
right side, respectively. cu=4.3 10* to the maximum intensity.
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