
Resistance

•Changes in all material properties affect 
resistance
• Composition
• Temperature
• Hydrogen uptake
• Strain
• Exposure to light
• Oxidation

•Often used as a monitoring method
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Resistance measurements
Changes in resistance with thickness
• Surface scattering
• Grain boundary scattering

At what nominal thickness does the film start to 
conduct?

At what nominal thickness does the film become 
continuous?

Can we use the resistance measurements to obtain 
information during growth and after
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Measurement setup
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What about evaporation and 
oxidation?
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Evaporation of oxidized and not 
oxidized Mg
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Fig. 3. Hydrogen desorption curves of unmilled MgH (filled marks) and2 Fig. 4. Hydrogen absorption curves of the unmilled (filled marks) andball-milled (hollow marks) MgH under a hydrogen pressure of 0.0152 ball-milled (hollow marks) MgH under a hydrogen pressure of 1.0 MPa.2MPa.

case, the iron impurity content in the milled sample was
is the gas constant and T is the temperature. We found for measured by chemical analyses to be about 0.13 wt.%. We
the milled and unmilled powder a value of h53. This consider that such a small amount of Fe could not
value can be interpreted as an instantaneous nucleation contribute much to the improvement of kinetics.
followed by an interface-controlled three-dimensional The orthorhomic metastable (g) magnesium hydride
growth process. phase disappeared upon hydrogen cycling. The X-ray
Using the JMA equation, the rate constant K can also be spectrum shows that only b-MgH remains after partial2

determined by fitting the desorption curve. From the rehydrogenation at 473 K with some residual Mg peaks.
Arrhenius plot of K values with temperature, the activation The kinetics does not change with the disappearance of
energies of desorption for the ball-milled and unmilled g-MgH . After desorption, strong magnesium peaks and2
MgH are found to be 120 and 156 kJ /mol K, respectively. small MgO peaks are present.2
As shown in Fig. 4 the hydrogen absorption kinetics is The pressure–concentration–temperature (PCT ) curves

also greatly improved by intensive milling. The desorbed for both milled and unmilled MgH have also been2
unmilled commercial material can only be rehydrogenated measured. The absorption plateau pressure remains the
slowly at elevated temperatures. There is no obvious same before and after milling, as shown in Fig. 5. The
absorption below 423 K. Even at 573 K, it takes 3000 s to maximum hydrogen content decreases slightly after ball
reach half of the maximum storage capacity under a milling due to the formation of MgO. The desorption
hydrogen pressure of 1.0 MPa. The ball-milled material on pressure of the unmilled MgH is lower than that of the2
the other hand can fully absorb hydrogen at 573 K in 750 milled one or of other reported magnesium alloys [9]
s. The absorption is also fast at lower temperatures. This because the desorption kinetics is slow and the real
excellent kinetic behavior does not deteriorate by cycling equilibrium is not reached. These measurements indicate
at high temperature (623 K). The absorption is mainly that the thermodynamic properties of magnesium hydride
controlled by diffusion because the diffusion of hydrogen are not altered by mechanical milling.
in the b phase is much slower than in the a phase [17].
As is well known, the hydrogen absorption kinetics of 3.3. Particle size and specific surface area

magnesium can be improved significantly by alloying
[18,19]. It was reported that additions of small amount of The specific surface area before and after milling was

2 21 2 21In, Al and Ga to magnesium reduced the activation energy 1.2 m g and 9.9 m g , respectively, as measured
of hydrogenation [20]. The catalytic effect of iron on the using the BET method. This important increase of specific
Mg–H reaction was also observed [14]. In the present surface area was confirmed by the SEM micrographs

Hydrogen in magnesium, 
absorption and desorption 
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