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The interactions between hydrogen and materials are subjects of significant
interest in both research and industry. Consequently, the hydrogen charging
of samples and following detection are crucial aspects of this field.
Currently, there are two primary methods for hydrogen charging:
electrochemical charging and pressurized hydrogen charging.

In electrochemical charging, atomic hydrogen is produced through the
dissociation of water, while in pressurized charging, hydrogen is introduced
in gaseous form and subsequently thermally dissociated. Although these
two methods are based on fundamentally different principles, they
ultimately achieve the same goal: the absorption and permeation of atomic
hydrogen in the sample. However, most studies tend to focus on either one
method or the other. Thus, it becomes essential to explore the correlation
between these methods and identify equivalent charging conditions for
specific hydrogen permeation characteristics.

In this study, we conducted hydrogen permeation tests using both
electrochemical and pressurized setups. We applied nitride coatings such as
TiN and CrN to steel substrates using physical vapor deposition (PVD)
techniques and compared the permeation performance of the two charging
methods. This comparison involved determining key parameters such as
diffusion coefficients and permeation reduction factors. Additionally, we
characterized the coating properties using secondary electron microscopy,
X-ray diffraction, and linear sweep voltammetry.
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Laser-induced graphene (LIG) is a very well-established process for realizing
functional carbon coatings on different substrates. Depending on the laser
processing parameters it yields structurally, morphologically and chemically
interesting forms which are also adherent because of the thermal energy
input. In most cases, however, a defect band (D band) is invariably observed
in the Raman spectrum of such coatings, in addition to the so-called G-band
corresponding to desired graphitic carbon. In this work we have applied
CO2 laser processing to carbonize the coatings of the dried powder of
aromatic eucalyptus (EU) leaves on metals. The effects of laser power
density, scanning speed, substrate choice, and precursor coating thickness
on the quality of carbon are carefully examined and optimized to obtain a
unique almost defect-free few layers graphene coating, as reflected by a
miniscule D-band and a significant 2D signature in the Raman spectra of
few-layer graphene. Comparative studies on other aromatic leaves sample
(e.g. lemon grass) and non-aromatic leaves suggest that aromaticity is
important for realizing an enhanced 2D band, which could be due to
internal turbulent cavitation upon laser-induced transient heating. In situ
nitrogen doping is also achieved by applying the LIG process to a mixture of
EU powder loaded with urea. Remarkably, the nitrogen incorporated
coatings on copper and aluminum current collectors render far superior
performance in anode-free Li and Na metal batteries, respectively, as
against the defect-free few layers graphene coating. In fact, half cells with
alkali metals show an impressive cycling stability of over 450 cycles for both
Li and Na. Through thorough characterizations employing multiple
techniques, an attempt is made to develop a mechanistic understanding of
the issues involved.
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Hydrogen produced by water electrolysis is a promising clean energy
carrier, yet large-scale deployment is hindered by the high cost and limited
durability of noble-metal catalysts. Transition-metal nitrides, particularly
molybdenum nitride (MoxN), offer attractive corrosion resistance and
electrical conductivity, enabling hydrogen evolution reaction (HER) catalysis
in both acidic and alkaline media.

In this work, MoxN thin films were deposited and benchmarked using RF
sputtering and high-power impulse magnetron sputtering (HiPIMS). In 0.5
M H:SO04, the HiPIMS-MoxN catalyst achieved an overpotential of 292 mV,
corresponding to a ~61.2% improvement compared with pristine carbon
paper (CP). The performance gain is attributed to the superior film
adhesion achieved by HiPIMS, leading to a 9.7% reduction in charge-
transfer resistance (Rct) and the absence of large-area catalyst delamination
after HER testing. Process optimization identified Cu addition is suggested
to tune the Mo d-band center and improve overall conductivity, reducing
the overpotential to 254 mV (~13.0% improvement vs. HiPIMS-MoxN) and
decreasing the Tafel slope from 75.9 to 55.0 mVdec™, indicating accelerated
HER kinetics via a synergistic effect. In 1.0 M KOH, HiPIMS-MoxN achieved
the lowest overpotential (199 mV), while Cu addition deteriorated activity,
suggesting Mo as the dominant active center in alkaline media and that
secondary metals reduce accessible Mo sites.
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