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2. Secondary ion mass spectrometry of hydrogen interaction with the surface of hydride-forming alloys

Pedepar:

1. Y po6oTi npeficTaBieHo pe3yIbTaTy qOCiIKEHb BIUIMBY BOJHIO HA XapaKTEPUCTUKU €Micii BTODMHHUX iOHIB Ta
BUKOPUCTAHH4 iX eMicii (4K ¢pisndnoi ocHoBu metoay BIMC) 1151 BU3HaUY€HHS XapaKTE€PUCTUK B3a€MO/Iii BOJHIO 3
ITIOBEPXHEIO CIUIaBiB-HAKOIIMYyBaviB BOJHIO. BU3HaY€HO 3aKOHOMIPHOCTI CIIEKTPIB Ta BUXOJIiB BTOPMHHUX 10HIB
MOB’I3aHUX 3 BOJHEM, 3B'S130K 3 IOBEPXHEBOIO KOHIIEHTPAlli€l0 BOAHIO Ta CKJIaJOM MTOBePxHi criagiB. [TokasaHo, 1110
BUXOJY BOJHEBMICHMX BTOPUHHUX i0OHIB MOXKYTb BUKOPUCTOBYBATUCS J11 KOHTPOJIIO 3MiH KOHLEHTPaLil BOJHIO
IIpU Pi3HUX €KCIIePUMEHTaJIbHUX YMOBaX IIif [Iiel0 pi3HUX IpoleciB. Po3po6eHo aHalmiTUIHy MOJIelb, SIKa ONNCYeE
BILJIMB TIpolLieCiB afcopobuii, abcopobuii, JecopoOuii Ta ioHHOro 6oM6aplyBaHHs Ha KOHLIEHTPALlil0 BOAHIO Ha IOBEPXHI

nipu BIMC pociimkeHHsx. [i 3aCTOCOBAaHO [J1s1 MOJIEJIIOBAHHS Ta AlIPOKCUMaLlii pe3yJsIbTaTiB €KCIIEPUMEHTIB. 3a



nornomoroo BIMC-BuMipioBaHb, BU3HAUEHO SIKICHI Ta KiJIbKiCHI XapaKTepUCTUKU MTPoLeCiB afcopoLii, abcopouii,
Iecopbuii BOJHIO AOCTIIKeHNMHY 3pa3kaMU CIIaBiB-HakonuyysayiB BogHio TiFe, LaNi5, Zr37.7Ti4.7Mn20.2Fe37 4,
Zr2Fe, Zr(V0.75Fe0.25)2, Zr65V30Ti5.

2. The thesis addresses the features of secondary ion emission from the surface of hydrogen storage alloys under
bombardment by a beam of 12-20 keV Ar+ ions in presence of hydrogen and also addresses the characteristics of
hydrogen interaction with the surface of the alloys, determined using secondary ion mass spectrometry. It is found
that under Ar+ bombardment, the presence of chemisorbed hydrogen on the surface of alloys leads to the emission
of hydrogen-containing secondary ions, the generalized composition of which is XnYmHk+ where X, Y (or Me) are
atoms of metals- components of an alloy. The yields of these ions are primarily related to the hydrogen
concentration on the surface. It is shown for the first time that hydrogen pressure, sample temperature, and
primary ion beam current density generally do not affect the relationship of hydrogen-containing secondary ion
yields with the concentration. This opens a possibility to study and characterize in situ the interaction of alloys
surface with hydrogen. It is shown for the first time that from a comparison of the influence of several different
experimental parameters on the emission intensity of polyatomic hydrogen-containing secondary ions, it is
possible to detect the presence of different metal phases in the sample constitution when such phases differ in
their interaction characteristics with hydrogen and have different sets of characteristic polyatomic secondary
ions. For the first time, it is determined that the yields of the MemHk+ ions in general nonlinearly depend on the
concentration of chemisorbed hydrogen. A tendency to increase the degree of concentration dependence of the
yields with increasing k is found, while the linear dependence on concentration is inherent only to the yields of the
ions with k=1 and only at hydrogen concentrations far from saturation. For the first time, an analytical model was
developed that describes the simultaneous influence of adsorption, absorption, desorption, and ion bombardment
on the concentration of hydrogen on the surface. Using the solutions of the model main equation, a simulation of
the hydrogen surface coverage was carried out under conditions resembling the experimental ones. The effects of
process parameters were analyzed and compared with experimental data. The model was used to quantify the
characteristics of hydrogen interaction processes with the TiFe and Zr2Fe alloys. For the first time, using SIMS, it
is determined that the probability of dissociative adsorption of hydrogen on the surface of TiFe and
Zr37.7Ti4.7Mn20.2Fe37.4 alloys does not depend on temperature in the range ~300:450 K. In addition to
chemisorption on the surface of TiFe, LaNi5, and Zr37.7Ti4.7Mn20.2Fe37.4 hydrogen atoms migrate only to a
limited number of subsurface locations whereas for Zr2Fe, Zr(V0.75Fe0.25)2, Zr65V30Ti5 there is a significant
hydrogen absorption into the volume. Increasing the temperature of the alloys from ~300 K to ~600 K accelerates
the migration or absorption and increases the absorption effectiveness. An estimate of the activation energy
Ea=0.6 eV of hydrogen absorption was obtained for Zr2Fe. It is determined that significant hydrogen desorption
from the TiFe, LaNi5, Zr37.7Ti4.7Mn20.2Fe37.4 surfaces occurs at T > 450 K. For TiFe, it is determined for the first
time that the desorption rate corresponds to the parameters of the Polanyi-Wigner equation o = 0.49:2.4 x 1014 s-1
and Ea = 1.6:1.7 eV at hydrogen surface concentrations far from saturation. For Zr2Fe, Zr(V0.75Fe0.25)2,
Zr65V30Ti5, the desorption of absorbed hydrogen occurs at T > 500-700 K. At the desorption maxima, the rate of
hydrogen release from the samples is limited by the rate of its arrival from the volume to the surface. For the first
time, the activation energy Ea = 1.85 eV of hydrogen associative desorption from the surface of Zr2Fe is
determined. It is determined that when oxygen interacts with the LaNi5 alloy, an oxygen-containing structure is
formed on the surface. The structure includes both La and Ni. Its formation is accompanied by significant changes
in the spectra and yields of secondary ions. The oxygen concentration in this structure is the highest in the
outermost surface atomic layer and decreases uniformly with depth. An increase in the amount of oxygen in the
surface composition initially reduces the hydrogen chemisorption capacity of the surface (site blocking) whereas
oxygen contents near the saturation drastically reduce the probability of hydrogen dissociative adsorption.
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