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The concentration dependence of the mechanical response of a palladium cantilever during hydrogen absorption
within the a-phase of the Pd-H system was studied. The relationship between the atomic hydrogen concentration
(H/Pd), hydrogen pressure, maximum cantilever bending, and the time to reach this maximum was analyzed. The
nonlinear nature of the dependence of the bending on the hydrogen concentration was established. In the low
concentration zone (up to ~ 0.02 H/Pd), a decrease in bending is observed, which is explained by the stabilizing effect
of hydrogen atoms in the interstitial spaces of the palladium lattice. In the range of 0.03...0.04 H/Pd, the dependence
becomes almost linear due to the expansion of the a-PdHXx lattice. A further increase in the hydrogen concentration is
accompanied by an increase in the cantilever bending. The results obtained are important for the creation of

micromechanical hydrogen sensors.
PACS: 62.20.-X, 66.30.jp, 81.05.Bx, 81.40.Lm

In recent years, special attention has been paid to the
study of micromechanical effects that arise during the
absorption of hydrogen by metals. One of the promising
methods for studying such processes is the use of
microcantilevers, which have a high sensitivity to the
internal stress that arises in the material when its
chemical composition changes. When palladium is
saturated with hydrogen, the interatomic distances
change, which leads to the expansion of the crystal lattice
and the emergence of internal concentration stresses.
These processes manifest themselves in the form of a
cantilever bend, which can be recorded with high
accuracy.

The study of the dependence of the deflection of a
palladium cantilever on the hydrogen concentration
allows us to obtain important information about the
mechanisms of interaction of hydrogen with the crystal
lattice of palladium, as well as about the kinetics of the
diffusion and distribution of hydrogen in the material. Of
particular interest is the region of the a-phase of the Pd-
H system, in which hydrogen dissolves in the interstitial
spaces of the palladium crystal lattice, forming a solid
solution.

The aim of this work is to study the dependence of the
maximum deflection of a palladium cantilever on the
atomic concentration of hydrogen in the a-phase of the
Pd-H system, as well as to analyze the time to reach the
maximum  deflection at  different  hydrogen
concentrations.

The experimental study was carried out using a
palladium cantilever placed in a vacuum chamber, into
which hydrogen was metered. During the experiment,
changes in the cantilever deflection were recorded at
different hydrogen pressure values.

The change in concentration was achieved by
successive hydrogen inlets into the chamber. At each
inlet, the maximum deflection of the cantilever and the
time required to reach this maximum were recorded.

The cantilever deflection was recorded using an
optical measurement system that provides high accuracy
in determining micromechanical deformations. The
obtained experimental data (Figure) allowed us to
construct the dependences of the maximum cantilever

deflection, hydrogen pressure, and the time to reach the
maximum deflection on the hydrogen concentration in
palladium.

Y,mm 16&
2
i At 14 .
10 / .
1po
i<l =
N o P I
048 \.‘ /l// “’6 ‘/_ 10 :‘[-\l
. . +h o
06 04
T T 0__-}"‘ o
R % I S b
04 A e L
L4
02 e |
1] / L 2
00 F0

0 002 004 006 008 010 012 014 016nH/Pd

Dependence of the maximum bending of a palladium
cantilever and hydrogen pressure on the atomic
hydrogen concentration H/Pd

The analysis of experimental dependences was
carried out using mathematical approximation methods.
To describe the dependence of the maximum deviation of
the cantilever on the hydrogen concentration, a
polynomial function was used:

Vyax=2-108n5-1-108"+327569n*-40076n°+2580.6n°—
80.435n+1.2992 mm (R?=0.9701), 1)
n is the concentration of atomic water, H/Pd.

The time to reach the maximum is the greatest in the
low concentration zone, namely in the region of ideal and
pseudo-ideal solid solutions up to ~ 0.02 H/Pd, then -
fluctuates. Mathematically, it can be described by the
polynomial
tmax=167214n%-66875n%+9612.7n>-571.36n+17.3, s (2)

R?=0.6862.

The high value of the coefficient of determination
indicates a good correspondence of the model to the
experimental results.
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The analysis of the experimental data showed that the
dependence of the maximum cantilever deflection on the
hydrogen concentration has a complex nonlinear
character. In the region of low hydrogen concentrations,
a significant change in the bending magnitude is
observed, associated with the peculiarities of hydrogen
dissolution in the palladium crystal lattice.

At hydrogen concentrations of approximately
0.02 H/Pd, the system corresponds to the region of ideal
and pseudo-ideal solid solutions. In this region, a sharp
decrease in the maximum cantilever deflection is
observed. This behavior can be explained by the
stabilizing effect of hydrogen atoms introduced into the
interstitial spaces of the palladium crystal lattice. The
introduction of hydrogen leads to a redistribution of
internal stresses arising in the material, which affects the
nature of the mechanical deformation of the cantilever.

With a further increase in the hydrogen concentration,
a change in the nature of the dependence is observed. In
the concentration range of 0.03...0.04 H/Pd, the
dependence of the cantilever deflection on the
concentration becomes almost linear. This behavior is
associated with the process of hydrogen dissolution in the
interstitial spaces of the a-PdHx crystal lattice. The
introduction of hydrogen atoms leads to an increase in the
lattice parameter and its uniform expansion.

In the concentration range of 0.03...0.06 H/Pd, a
region is observed where the dependence of the
cantilever deflection is characterized by the presence of
a plateau. In this region, the system cannot be considered
as an ideal solid solution. The interaction between
hydrogen atoms leads to a change in the distribution of
internal stress in the crystal lattice.

With a further increase in the hydrogen concentration
to values of 0.07 H/Pd, a gradual increase in the
maximum cantilever deflection is observed. This effect is
associated with the strengthening of interatomic
repulsive forces between hydrogen atoms located in the
interstitial spaces of the crystal lattice. As a result, the
palladium lattice expands further and the mechanical
deformation of the cantilever increases.

At hydrogen concentrations above 0.07 H/Pd, a
further increase in the deflection is observed. This
behavior is consistent with known data on the dilation of
the palladium crystal lattice when hydrogen is dissolved.

Of particular interest is the analysis of the time to
reach the maximum deflection of the cantilever.
Experimental data show that at low hydrogen
concentrations the time to reach the maximum deflection
is the longest. This is because in this area the process of
hydrogen saturation of palladium with hydrogen is
determined mainly by the diffusion transfer of hydrogen
into the surface layers of the metal.

A small gradient of hydrogen concentration leads to a
relatively slow penetration of hydrogen into the depth of
the material. In addition, hydrogen adsorption on the
palladium surface plays a significant role.

With increasing hydrogen concentration, the time to
reach the maximum deflection decreases and then
stabilizes. This indicates that the processes of hydrogen

184

transport to the surface, its diffusion into the volume of
the material and the accumulation of internal stresses
begin to occur simultaneously.

Additional confirmation of this is the residual
deformations of the cantilever observed at high hydrogen
concentrations. At hydrogen concentrations greater than
0.09 H/Pd, after the experiment, residual changes in the
shape of the cantilever remain, the magnitude of which
increases with subsequent hydrogen introduction. In this
case, the magnitude of the residual deformations
corresponds to the region of elastic deformations of the
material.

The results obtained indicate the complex nature of
the interaction of hydrogen with the crystal lattice of
palladium. The mechanical response of the cantilever is
determined by a combination of several processes,
including hydrogen adsorption on the surface, its
diffusion into the volume of the metal, redistribution of
internal stresses and changes in the parameters of the
crystal lattice.

CONCLUSIONS

1. An experimental study of the dependence of the
deflection of a palladium cantilever on the hydrogen
concentration in the a-phase of the Pd-H system at a
temperature of 350 °C was conducted.

2. It was established that the dependence of the
maximum deflection of the cantilever on the hydrogen
concentration has a complex nonlinear character.

3. In the region of low hydrogen concentrations (up
to 0.02 H/Pd), a decrease in the maximum deflection is
observed, associated with the stabilizing effect of
hydrogen atoms in the palladium crystal lattice.

4. In the concentration range of 0.03...0.04 H/Pd, the
dependence of the cantilever deflection becomes close to
linear due to the uniform expansion of the a-PdHXx crystal
lattice.

5. With increasing hydrogen concentration, an
increase in the maximum deflection is observed, due to
the strengthening of interatomic interactions and lattice
dilation.

6. It is shown that the time to reach the maximum
deviation is the largest at low hydrogen concentrations
and decreases with increasing hydrogen content in
palladium.

7. The results obtained can be used to develop highly
sensitive hydrogen sensors and a deeper understanding of
the mechanisms of hydrogen interaction with metals.
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3AJIEXKHICTh BUTHHY MAJIAJIIEBOIO KAHTHJIEBEPA BIJI KOHIIEHTPAIII BOJIHIO
B a-®A31 CUCTEMMU Pd-H

O.M. /Irooumenko

JocmimkeHo KOHIICHTPaiiHy 3aJIeKHICTh MEXaHIYHOTO BIATYKY MaJIai€eBOTO KaHTHJIEBEPA ITiJ] 9ac MOTTMHAHHS
BOJHIO B Mexax o-(pasu cuctemu Pd-H. [IpoananizoBaHo B3a€MO3B’S30K MiXK aTOMHOIO KOHIIEHTPALIEIO BOJHIO
(H/Pd), TuckOoM BOAHIO, MAaKCHMAalbHMM BHIHHOM KAaHTHJIEBEpa Ta YacOM [OCSTHEHHS IbOIO MAaKCHMYMY.
BcraHoBnieHO HeNMiHIMHUKA XapakTep 3aJIe)KHOCTI BUTHHY BiJl KOHLIEHTpALil BOAHIO. Y 30HI HU3BKMX KOHIEHTpALiil
(mo ~ 0,02 H/Pd) crioctepiraerscst 3MEHIIEHHS BUTHHY, 110 MOSICHIOETHCS CTa0LTiI3yBaIbHOIO €10 aTOMIB BOJHIO B
MDKBY3JISIX IpaTku nanafiro. Y nianmasoni 0,03...0,04 H/Pd 3anexHicTb crae maibke JTiHIHHOIO Yepe3 PO3LIMPEHHS
rpatku o-PdHx. [Toganeiuie 3pocTaHHs KOHIEHTpALil BOAHIO CYIPOBOJDKY€EThCS 30IbIICHHSIM BUTHHY KaHTHIIEBEpa.
OTtpuMaHi pe3yibTaTH BaXIINBI IS CTBOPEHHSI MIKPOMEXaHIYHUX CEHCOPiB BOJHIO.
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