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Microstructure and phase composition of the cast Tis5Zr30MnssVs 5Crs5Cos.5
alloy as well as the phase composition of hydrogenation and dehydrogenation
products are investigated using the methods of x-ray phase analysis and
scanning electron microscopy. As established, due to the partial replacement
of manganese with cobalt, it is not possible to expand the area of existence of
the Laves phase (type C14), since, in the phase composition of the studied al-
loy, a second intermetallic phase based on the Zr:Co compound is formed. As
determined, the change in the phase composition of the alloy does not affect
significantly the kinetics of hydrogen absorption and desorption at the first
sorption—desorption cycle. As established, the formed intermetallide based
on the Zr:Co compound interacts actively with hydrogen at room temperature
and a hydrogen pressure of 0.23 MPa. As shown, the process of hydrogen re-
lease begins with the start of heating; at a temperature of 430°C, a reversible
capacity of 95% is achieved.

Key words: Laves phase (type C14), intermetallic Zr;Co, hydrogenation, de-
hydrogenation, hydrogen capacity.
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IerimpyBaHHA. BcTaHoBIeHO, IT0 3aBAAKMN YacTKOBil samini Manrany Ha Ko-
6aJIbT He BIAJIOCA PO3MIMPUTHU 006JacTh icHyBanHusA JlaBecoBoi (asu Tumy C14,
OCKiJBKM y (pa30BOMY CKJAJi AOCIiI:KYBaHOTO CTONY yTBOpPMUJIAcsS Apyra (asa
— inTepMmerasig Ha ocHOBi cumoayku Zr:Co. Busmaueno, 1o smina ¢as3oBoro
CKJIAZY CTOMNY iCTOTHO He BILJIMBAE HA KiHETHUKY IIPOIECiB MOTJIMHAHHSA Ta BU/Ii-
geuuda igporeny y mepimomy IIUKJIL copOiia—mgecopbiiis. Beramosiaeno, 1o
yTBOpeHUIl iHTepMeTasiag Ha OCHOBI crionyku Zr:Co akTuBHO B3aemogie 3 M-
poreHoM 3a KiMHaTHOI TemiepaTypu Ta Tucky I'izporeny y 0,23 MIla. Iloka-
3aHO, IO IIpoIec BUAiIeHHs ['iTporeHy po3moUYMHAETHCA 3 ITIOYATKOM HATrpPiBYy;
3a remnepatypu y 430°C gocaraeTbcs peBepcuBHA MicTKicTh Ha piBHI 95% .

Kuarouogi caoBa: Jlasecosa ¢asa Tuny Cl4, inrepmerarnin Zr:Co, rinpysanus,
IerigpyBaHHs, BOJHEBA MiCTKiCTh.

(Received May 19, 2023, in final version, July 26, 2023)

1. INTRODUCTION

Among the existing variety of materials for hydrogen batteries devel-
oped today, a special place is occupied by intermetallics of type AB2[1—
6]. This is due to the fact that, unlike type AB; (LaNis), they have a
higher hydrogen capacity, and compared to type AB (TiFe), the activa-
tion process is facilitated [5]. The main representative of AB; type in-
termetallic is TiMn; compound (Laves phase (type C14)) [7, 8]. Inter-
metallic TiMn: occupies a special place among analogues in its class
(ZrCoz and ZrVy) [9]. Since it is easily activated at room temperature
and a pressure of 3.2 MPa [10], it releases all the absorbed hydrogen
when heated to a temperature of 400°C[11], has a significant hydrogen
capacity of @ 1.0 H/Me[12, 13], a large homogeneity region of 11 at.%
[14] and low specific gravity [5].

Despite all the mentioned advantages of the TiMn; binary interme-
tallic, currently, when creating materials for hydrogen batteries, more
complex alloying systems are used [15—18].

The authors of [19] suggested partial substitution of titanium for
zirconium in TiMn; intermetallic compound (as component A).

It was shown in [20] that due to the partial replacement of titanium
for zirconium, it was possible to expand the area of existence of the
Laves phase to 54.4 at.% Mn, and this, in turn, made it possible to in-
crease the hydrogen capacity to H/Me = 1.2 and decrease the hydro-
genation pressure from 3.2 MPa to 0.6 MPa. The authors showed that
this improvement in hydrogen-sorption properties occurs because zir-
conium has a higher affinity for hydrogen than titanium. The paper
[20] proved the positive effect of doping and deviation from the stoi-
chiometric composition of AB: on the hydrogen-sorption properties of
alloys based on intermetallic AB:. However, the conducted research
was done only for the partial replacement of titanium with zirconium,
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which in the AB; type intermetallic is component A. That is why the
authors [15, 17, 21] proposed to carry out a partial replacement of
component B (that is, to replace manganese, which does not interact
with hydrogen, by vanadium, which is able to interact).

This idea was developed in works [17, 22]. Using the example of the
(Tio.34Z10.66)Mni.1 Vo1 alloy, the effect of partial replacement of compo-
nent B (manganese with vanadium) on the hydrogen sorption proper-
ties of intermetallic type AB: was investigated [22]. Referring to liter-
ature data [17, 21], the authors [22] note that the partial replacement
of manganese with vanadium allows lowering the homogeneity region
to 49 at.% Mn. The interaction of this alloy with hydrogen took place
at room temperature at a high speed, while it was possible to reach the
value of the amount of absorbed hydrogen at the level of H/Me =1.3.
The authors explain the improvement of the hydrogen-sorption prop-
erties of the investigated alloy by a significant expansion of the homo-
geneity region.

From literature data, it was found [23, 24] that chromium is also
able to effectively influence the kinetics of hydrogen sorption-
desorption processes, as well as the hydrogen capacity of alloys based
on the TiMn; intermetallic. In works [25, 26], it was proved that addi-
tional doping of the alloy (Ti¢.34Z10.66)Mn1.1Vo.1 with chromium (the in-
vestigated composition (Tio.34Zr0.66)Mno.96 Vo.12Cro.12) allows decrease the
hydrogenation pressure from 0.6 to 0.23 MPa, and increase the hydro-
gen capacity to H/Me = 1.38.

The authors of Refs. [25, 26] claim that the increase in hydrogen ca-
pacity to the specified level is a consequence of reducing the amount of
manganese to 44 at.%.

However, the ever-increasing requirements for the hydrogen bat-
tery [27—-29] (time of operation on one charge) require further im-
provement of the developed material (Tio.34Z10.66)Mno.06V0.12Cro.12, that
is, the search for elements for additional alloying. Based on certain lit-
erary data [30], it was established that cobalt is a promising element
for additional alloying. The choice of cobalt as an alloying element is
related to the fact that it is able to form a chemical compound with hy-
drogen, as well as to dissolve in Laves phases [31].

The aim of the present study establishes the effect of the expansion
of the homogeneity region of the Laves phase (type C14) below 44 at.%
Mn, due to partial replacement by cobalt, on its hydrogen-absorption
properties. The alloy Tiis.4Zrs0.2MnsVs4Crs (formula composition
(Tio.34Z10.66)Mng.96Vo0.12Cr0.12) Was chosen for the investigated, the hy-
drogen sorption-properties of which were described in detail in [25,
26], in which partial substitution was carried out manganese, by 5.5
at.% cobalt (as in previous experiments [22, 25]). In the investigation,
the effect of doping with cobalt was considered only at the first cycle of
hydrogen sorption—desorption.
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2. EXPERIMENTAL/THEORETICAL DETAILS

An alloy weighing up to 1 kg was obtained by the method of induction
melting in an argon atmosphere using open crucibles with Al:Os. Tita-
nium sponge (TG-110), iodide Zr (99.975), electrolytic Mn (99.9), elec-
trolytic V (99.5), electrolytic Cr (99.5) and electrolytic Co (99.5) were
used as starting components. To obtain the alloy, a previously devel-
oped technological scheme was used, which is described in detail in the
paper [32]. It should be noted that during the preparation of the charge
additional were added, 4% wt. of manganese compared to the nominal
composition, since in [17], when studying the hydrogen sorption prop-
erties of the Tig¢Zro1Mni.2Vo1 alloy, the authors proved that exactly
this amount of manganese is lost due to evaporation during the prepa-
ration of the alloy.

The phase composition and lattice parameters of the alloy were de-
termined by x-ray phase analysis at a DRON-3M diffractometer.

Metallographic examinations were performed at a scanning electron
microscope VEGA3 TESCAN equipped with EDX detector
XFlash610M (Bruker).

For the study of hydrogen absorption properties, a bulk cast alloy
was used. The interaction of the alloy with hydrogen was studied by the
Sieverts’ method at an IVGM-2M unit [33] at room temperature and a
pressure of 0.23 MPa. The hydrogen desorption process was also inves-
tigated on IVGM-2M equipment at an initial pressure of 0.0002 MPa.
The amount of absorbed hydrogen was determined by weighing with an
accuracy of 1.5-10°g and calculation of changing the pressure in a
closed volume.

3. RESULTS AND DISCUSSION
3.1. Phase Composition and Microstructure

Since all components of the melt, especially titanium, zirconium, and
chromium, could react relatively easily with the crucible material, it
was important to establish, whether an interaction between the melt
and the crucible material had occurred. Since it is well known that al-
uminium has a negative effect on the hydrogen-sorption properties of
titanium and alloys based on it [34], the chemical composition of the
molten alloy was determined using EDAX energy dispersive analysis
(Table 1). It was established that aluminium in the ingot is present in a
small amount, from which it can be concluded that there was no signif-
icant interaction between the crucible material and the melt.

As can be seen from the presented chemical composition data, the
obtained alloy had a slightly increased manganese concentration, and
all other elements within the measurement error of +0.3 at.% coincid-
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TABLE 1. The composition of the obtained alloy.

Elements, at.%

Composition
Ti Zr Mn Vv Cr Co Al
Initial materials 15.5 30 38 5.5 5.5 5.5 -
Alloy 15.34 29.68 38.58 5.22 5.42 5.65 0.11

ed with the nominal composition. The increased final concentration of
manganese is due to the fact that the total amount in the charge (par-
tial replacement by chromium and cobalt) was significantly less com-
pared to the alloy, for which the calculations were made [17]. That is
why, despite the fact that an ingot weighing up to 1 kg was obtained in
an open crucible, the manganese burnout turned out to be somewhat
less than predicted one.

The phase composition of the Tils ;Zr3MnssV;.5Crs 5Cos.5 alloy at is-
sue was determined using x-ray phase analysis (Table 2, Fig. 1, a). It
was established that the investigated alloy was multiphase, a hexago-
nal Laves phase (C14 type) of space group P6s/mmc (structural type
MgZn;) was found in the structure. In addition, the presence of a sec-
ond phase was established, which was identified as an intermetallic
based on a Zr:Co compound with a face-centred cubic lattice of the
space group Fd3m (structural type Ti2Ni).

To determine correctly the changes occurring in the unit cell of the
Laves phase when doping with cobalt, based on the data of x-ray phase
analysis and presented in works [35, 36], the volume of the unit cell
and the radius of the tetrahedral internode were calculated. Because it
was proved in Ref. [36] that, regardless of the type of crystal lattice of
the Laves phase, it is the tetrahedral internodes, which are the sites of
hydrogen localization during dissolution. The authors of [35, 36]
showed that the radius of the tetrahedral internode is calculated from
the approximation of ‘hard spheres’ using the expressions
Rs(C14)=0.074475a, Rs(C15)=0.052662a (where a is crystal lattice
parameter). The calculation was made exclusively for one type of in-
ternodes A:B;. Since, the authors of [35, 36] proved that hydrogen,
when dissolved in the crystal lattice of the Laves phase, occupies only
them. It was determined that the volume of the unit cell is 182.42 A3,
while the radius of the tetrahedral internode is 0.83753 A, for the origi-
nal alloy Tiis.4Z1r302MnyVs.4Crs [25, 26] 185.52 A% and 0.3778 A, respec-
tively. Their comparison indicates a significant decrease, which may
further negatively affect the amount of absorbed hydrogen, as it was
shown earlier [5].
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TABLE 2. The results of x-ray phase analysis.

Parameters of crystalline lattice of phases £0.0009 nm

Alloys Initial Hydrogenated Dehydrogenated
r—C14 New A—C14 New A—C14 New
Til5,4Zr30,2Mn44V5_4Cr5 a=0.5073 _ a=0.5489 _ a=0.5074 _
[25, 26] c=0.8334 c=0.9017 c=0.8335
. a=0.5040 a=0.5469 a=0.5058
Tl15,5ZI’30MH38V5,5CI'5,5CO5,5 c= 0.83020 = 11907C -0.8917 a=1.2455 c=0.8291 a=1.1936

With the use of scanning electron microscopy, it was confirmed the
data obtained by the x-ray phase analysis method, regarding the fact
that two phases are observed in the structure of the investigated alloy
Tii5.52r350MnssVs.5Cr5.5C05.5 (Flg 2, b), while in the original alloy [25,
26], only one (Fig. 2, a).

Since a second phase of intermetallic based on Zr:Co is formed in the
structure of the investigated Tiis.5Zr30MnssVs.5Crs.5Cos.5 alloy, it is im-
portant to determine the chemical composition of the coexisting phas-
es. This will make it possible to establish, how the cobalt introduced
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Fig. 1. X-ray diffraction pattern of alloy Tiis.5Zr30MnssV;.5Crs.5Cos.5: cast state
(a), hydrogenated (b), after dehydrogenated (c).
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into the alloy is distributed. With the use of EDAX energy-dispersive
analysis, it was established that the dark-coloured phase (Fig. 2, b) had
a composition of 9.71Ti—26.76Zr—45.25Mn—-6.26V-7.95Cr—4.08Co
(at.%) (with composition formula (Tio.27Zro.73)Mn1.24V0.17Cro.22C00.11)
based on the amount of manganese; it can be stated that these are Laves
phase crystals. The light-coloured crystals had a composition of
17.54Ti—-41.09Zr-28.93Mn-3.66V-3.25Cr-5.563Co (at.%). From the
obtained data, it can be seen that only part of the cobalt introduced into
the original Tii5.4Zr30.2Mn4V;5.4Crs alloy [25, 26] dissolved in the Laves
phase. Most of the cobalt having combined with other components of
the alloy form an intermetallic compound based on Zr:Co.

Based on the obtained chemical composition of Laves phase crystals,
for the studied alloy Tiis.5Zr30MnssVs 5Crs.5C0s5.5, it is possible to explain
the decrease in the volume of the unit cell and the radius of the tetra-
hedral internode in comparison with the original alloy [25, 26]. Corre-
sponding changes are primarily associated with a decrease in their
chemical composition, the concentration of titanium (atomic radius
0.147 nm) and zirconium (0.160 nm), which have a significantly larger
atomic radius compared to all other alloy components [37]. Secondly,
according to literature data [38], partial replacement of manganese
with cobalt also leads to corresponding changes.

It is also important that, according to JCPDS data (International
Centre for Diffraction Data), the binary intermetallic of the stoichio-
metric composition Zr:Co has the unit cell parameter a=1.2551 nm,

SEM HV: 20.0 kV WD: 14.78 mm i i VEGA3 TESCAN] SEM HV: 200 kV WD: 14.96 mm I 1q __!__' VEGA3I TESCAN|
View Niekd; 111 ym Det: SE View field: 55.6 ym Det BSE 10 pm
SEM MAG: 5,00 ke Date{midy): 111818 G.V. Kurdyumov P SEM MAG: 5.00 kx  Date(midly): 10718722 G.V. Kurdyursov IMP

Fig. 2. The microstructure of the cast alloy: Tii5.4Zr30.2MnV;.4Crs [25, 26] (a),
Ti15,5ZI‘30MII38V5,5CI'5,5CO5,5 (b).
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while the one calculated for the formed intermetallic (Table 2) is sig-
nificantly smaller. This is due to the fact that a large part of zirconium
(25.61 at.%) in the formed intermetallic is replaced by other compo-
nents (primarily titanium). In comparison with zirconium, the other
components of the investigated Tiis5Zr30MnssVs 5Crs 5Cos.5 alloy have a
smaller atomic radius ranging from 8 to 22% [37]. This fact clearly
demonstrates the significant influence the size of the atom of the ele-
ment used for doping has on the parameters of the unit cell of the
formed compound.

In addition, the ratio of the number of coexisting phases was deter-
mined in the work using the ImagedJ program (distributed without li-
cense restrictions as public domain). This will make it possible to estab-
lish, how the presence of the second phase affects the main hydrogen
sorption characteristics of the original alloy Tiis.4Z1r30.2MnVs.4Crs [25,
26]. Since coexisting phases can significantly differ in terms of hydro-
genation—dehydrogenation and hydrogen capacity, it was established
that the volume fraction of the Laves phase (type C14) for the investi-
gated alloy is 82.6% (dark crystals), and the intermetallic based on
Zr:Cois 17.4% , respectively.

In Ref. [31], the influence of cobalt doping on the phase composition
of the alloy Zr(Mn;_.Co,)2 (x =0, 0.2, 0.3 and 0.4) with the Laves phase
(type C14) structure was investigated. The authors experimentally
proved that within the indicated limits of alloying, the alloy retained
its original structure, but at the same time, the crystal lattice parame-
ters of the Laves phase gradually decreased. Based on the data present-
ed in [39], the authors claim that the corresponding decrease in param-
eters occurred as expected. However, as it was established in this in-
vestigate, alloying of the Tiis.4Zrs0.2Mn4 Vs 4Crs alloy with cobalt in the
amount of 5.5 at.% leads to the formation of the second phase of the
intermetallic based on Zr:Co. The specified differences in the effect of
cobalt on the phase composition of the alloy were considered in the lit-
erature [31] and this investigation is related to significantly different
stoichiometry. The authors of Ref. [31] considered alloys, which had a
stoichiometric composition of AB:, while, in this investigation, an al-
loy with a non-stoichiometric composition of AB;: was considered.
Based on the determined chemical composition of Laves phase crystals
for the investigated Tiis.5Zr30MnssVs.5Crs.5Cos.5 alloy and literature data
[32, 40], it can be stated that the area of homogeneity Laves phase
(type C14) cannot be expanded below 44 at.% Mn, with this manufac-
turing method alloy, fails.

3.2. Kinetics of Hydrogen Sorption—Desorption

According to literature data [25, 26], the process of active absorption
of hydrogen by the original Tiis4Zrso.2MnsVs4Crs alloy began ten
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minutes (incubation period) after contact with the hydrogen environ-
ment (hydrogen pressure of 0.23 MPa, room temperature) and contin-
ued five minutes (Fig. 3, a), while the hydrogen capacity was reached
at the level of 2.05% wt. (H/Me =1.34). Further exposure for 60
minutes, with the same hydrogenation parameters, led to a slight in-
crease in the amount of absorbed hydrogen by 2.08% wt. (H/Me
~1.36). Increasing the exposure time to 24 hours did not lead to an in-
crease in the amount of absorbed hydrogen.

The process of hydrogen saturation of the investigated alloy
Ti15.5Zr30MnssVs 5Crs 5Cos5 was carried out at the same hydrogenation
parameters as for the original alloy, for the possibility of correct com-
parison of hydrogen-sorption properties. It was established that the
process of active absorption of hydrogen by the investigated alloy be-
gan from the first second of contact with the hydrogen environment
(there is no incubation period) (Fig. 3, a). The investigated alloy in the
first 6 minutes, from contact with a hydrogen environment, absorbs
the main part of the sorbet hydrogen 1.61% wt. (H/Me = 1.05) (unlike
the original alloy). Increasing the exposure time to 35 minutes, with
the same hydrogenation parameters, it possible to increase the amount
of absorbed hydrogen to 1.86% wt. (H/Me = 1.22). Further exposure
for 48 hours did not lead to recovery of the hydrogen absorption pro-
cess.

A certain decrease in the total amount of hydrogen absorbed by the
studied Tiis.5Zr30MnssVs.5Crs.5Co5.5 alloy compared to the original alloy
may be due to the simultaneous action of several factors. First, with a
significant change in the chemical composition of Laves phase crys-
tals. In their chemical composition, the amount of manganese (which
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Fig. 3. Change in hydrogen capacity over time during for investigated alloy
Tii5.5Zr50MnssVs 5Crs.5C05.5 in the process: hydrogenation (a), dehydrogenation

(b).
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does not interact with hydrogen) has increased, due to the decrease in
the amount of titanium and zirconium (which have a high hydrogen
capacity). The obtained result, regarding the fact that the decrease in
the amount of titanium and zirconium in the composition of the Laves
phase leads to a decrease in the total amount of absorbed hydrogen,
correlates well with the data presented in works [5, 10]. In addition,
there was also a decrease in the volume of its unit cell and the radius of
the tetrahedral internode, which was mentioned above. Secondly, due
to the formation of the second phase of intermetallic based on Zr:Co.

Figure 3, a show that the process of hydrogen absorption by the in-
vestigated Tiis5Zr30MnssVs.5Crs.5Co5.5 alloy is slightly different from
the original one. In the original alloy Tiis.4Zrs0.2Mns Vs 4Crs [25, 26],
almost all hydrogen is absorbed in five minutes; however, this indi-
cates that the entire volume of the material absorbs hydrogen simulta-
neously; whereas, in the investigated alloy, the absorption process oc-
curs in two stages (Fig. 3, a), which differ in absorption speed.

At the first stage, the time interval from the start of absorption to
the achievement of a hydrogen capacity of 1.61% wt., hydrogen satu-
ration of the Laves phase occurs, most likely, and the absorption rate is
0.268% wt./min (this assumption is made based on the volume frac-
tion of each of the phases and the amount of absorbed hydrogen). Due
to the high rate of the hydrogen absorption process and the room tem-
perature of hydrogenation, the monolithic sample is destroyed into a
powder state [41], and as a result, surfaces free from oxide films are
formed.

At the second stage, thanks to the already formed surface free from
the oxide film, saturation of the second phase, an intermetallic based
on Zr:Co, occurs. At the same time, the reaction rate decreases by sev-
eral orders of magnitude.

The x-ray phase analysis method confirmed (Fig. 1, b, Table 2) the
assumptions made regarding the fact that both phases can be saturated
with hydrogen at the specified hydrogenation parameters. The result-
ing hydrogenation product consists of a hydride based on the Laves
phase, as well as a hydride based on a new phase. This shows, however,
that, during hydrogenation, there is no formation of new or dissolu-
tion of already existing phases. The obtained data coincide with the lit-
erature [42] in that during hydrogenation there are no changes in the
structure of the metal matrix of the Laves phase (type C14), but it is
only accompanied by an isotropic increase in the volume of the unit cell
by 20%.

The process of desorption of hydrogen from the hydrogenation
products obtained when the investigated Tii5.5Zr30MnssVs.5Crs.5Cos.5 al-
loy was saturated with hydrogen was carried out at an initial pressure
of 0.0002 MPa. At a heating rate of 3°C/min, active hydrogen release
begins with the start of heating (Fig. 3, b), and the process takes place



HYDROGEN-SORPTION PROPERTIES OF THE ALLOY Tii55Zrs0MnssVs 5Crs5Coss 753

in four stages. The first stage, from the start of heating to a tempera-
ture of 60°C, the release process occurs relatively slowly at a rate of
0.0045% wt./min, while only 3% of absorbed hydrogen is released.
Starting from a temperature of 60°C, the rate of hydrogen release in-
creases to a value of 20.047% wt./min, and up to a temperature of
300°C, it is possible to release 80% of the total amount of absorbed hy-
drogen. Above 300°C, the release rate decreases to 0.0077% wt./min,
and up to a temperature of 400°C, it is possible to increase the amount
of released hydrogen to 92%. When heated to a temperature of
~430°C, it was possible to desorb about 95% of the total amount of ab-
sorbed hydrogen.

Using the x-ray phase analysis method, it was established that after
the desorption process, two phases remained present in the structure
of the investigated alloys (Table 2, Fig. 1, ¢). The obtained data made it
possible to state that, during desorption of hydrogen from the formed
hydrides, there are no changes in the phase composition of the investi-
gated alloy. When comparing the crystal lattice parameters of the
phases for the investigated alloy in the cast state, after hydrogenation
and partial desorption of hydrogen (Table 2), it was established that
residual hydrogen is found in both phases, but with a preference to-
wards the Laves phase.

A comparison of the data obtained in this study and those in the lit-
erature [31, 40] regarding the effect of cobalt doping on the hydrogen-
sorption properties of alloys based on the Laves phase (type C14) made
it possible to note an important regularity. The introduction of cobalt
into alloys based on the Laves phase (type C14) of non-stoichiometric
composition should be in such an amount that does not lead to a change
in the phase composition of the original alloy and as a result of a
change in hydrogen-absorption properties.

4. CONCLUSIONS

1. It was shown on the example of the alloy Tiis.5Zr30MnssVs.5Crs 5Cos.5
at issue that it was not possible to expand the homogeneity of the Laves
phase below 44 at.% Mn, with the considered method of obtaining the
alloy.

2. Doping with cobalt did not significantly affect the processes of hy-
drogen sorption—desorption by the original alloy, but led to a certain
decrease in the hydrogen capacity. The specified changes occurred due
to a change in the phase composition and a decrease in the number of
atoms active in relation to hydrogen (titanium, zirconium) in the unit
cell of the Laves phase (type C14).

These results are obtained within the personal grant of the
Verkhovna Rada of Ukraine for young scientists—doctors of sciences.
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