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Alloys from the regions of existence of the solid solutions RxTh2xNi17 and ThzNii7.yMy were synthesized by
arc-melting with further annealing at 400 °C. Quantitative and qualitative composition of alloys and powders of
electrode materials was determined by scanning electron microscopy and energy-dispersive X-ray spectroscopy.
The Tb/R/Ni and Th/Ni/Mg ratio in the samples was confirmed also by X-ray fluorescence spectroscopy. The cell
parameters of RxTh2«Nii7 (x = 0.5) ternary phases are: a = 8.2987(9) A, ¢ = 8.0206(8) A, V = 478.37(9) A3 for
R=1Zr, a=8.3161(6) A, c = 8.0482(8) A, V = 482.03(6) A% for R = Y and a = 8.3690(6) A, ¢ = 8.0560(7) A,
V = 488.66(6) A3 for R = La. Th atoms were partially substituted by Y, Zr and La atoms because of closeness of
atomic radii size. Under experimental condition capacity parameters were 1.81 H/f.u. for the Zr-containing
electrode, 2.29 H/f.u. for the Y-containing electrode and 2.31 H/f.u. for the La-containing electrode. In the case of
Li,Mg co-doped electrodes we observed more than 2.5 H/f.u. Cell parameters of the Zr- and La-containing phases
after hydrogenation increased isotropically. Synthesized hydrides can be interpreted as superstructures with the
Th2Mn17C2s-type (filled-up of Th2Niiz). The YosThisNiiz-based electrode demonstrates the potential corrosion at
-0.540 V, electrodes with the compositions ZrosTbisNiiz and LaosTb1sNiiz show -0.413 V and -0.405V,
respectively. Li and Mg-codoped electrodes shoved the corrosion potential -0.410 V (Tb2Niie4Lio2Mgo.4) and

-0.550 V for Th2NiissLiosMgos, respectively.
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Introduction

Hydrogen energy and hydrogen accumulation are the
most promising objects in the modern industry. Materials
for hydrogen accumulation in the form of hydrides of
metals, intermetallic compounds or composites are
attractive and perspective. These materials have different
crystal structures and compositions, for example CaCus
[1-7], MgCu: [8], MgZn;, MgNiz, CezNi7 [9-11] Gd.Coy,
ThaNiiz, ThoZniz [12] and their derivatives. The results of
metallic Mg-based electrode doping with Li and Al are
presented in Ref. [13, 14]. Hydrogen absorption ability of
the phases and composites with high content of Mg was
discussed in Ref. [15-18]. Based on the La:Mgir
compound composite alloys with addition of the LaNis
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compound show an increase of the hydrogenation rate
about 3—4 times and a decrease of activation energy during
the gas hydrogenation [15]. Related to the ThyNiys-type
structure new superstructures LasesMgsoSniio [16] and
Laz6sMg30Sbi .07 [17] were found and discussed.

Isnard et al. [19] investigated several deuterides
RoFe17Dx by neutron diffraction and found that for
hydrogen the octahedral site in Wyckoff position 6h is
favored in the hydrides and deuterides. At H content
x > 3 only substantial occupation of the tetrahedral site in
Wyckoff position 12i is occurred. Neutron studies [19, 20]
are the most precise for determining the position of
hydrogen or deuterium in compounds. This is necessary
for structural or component modification of alloys to
increase sorption capacity or corrosion resistance. During
the electrochemical process of charge carriers
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intercalation, the interaction of electrolyte components
with the electrode surface affects negatively the
electrochemical parameters of the battery. An electrode
material must be inert to the influence of the electrolyte,
so that the surface passivation is minimal, for example
during the intercalation of lithium into the orthorhombic
perovskite structure [21, 22].

The aim of our work was to synthesize alloys
R2.6Th7.9Niggs (R =V, Zr, La) and Li,Mg CO-dOpEd ThoNiy7
to determine the effect of d-elements and s-elements
doping on electrochemical and hydrogen sorption
properties of the Th,Niq7 binary phase.

I. Materials and experimental methods

Terbium, nickel, lanthanum, yttrium, magnesium with
nominal purities of more than 99.99 wt.%, zirconium with
nominal purity of more than 99.999 wt.%, and lithium
99.9 wt.% were used as the starting materials. Ingots of
alloys were synthesized by arc-melting of mixture of pure
elements (5-% excess of Li and Mg) under purified argon
atmosphere. Difference between the mass of pure
components and the mass of the alloys was measured, the
loss during melting did not exceed 2 wt. %. Homogenizing
annealing was performed at a temperature of 400 °C for 30
days in evacuated quartz ampoules with further quenching
in cold water without breaking the ampoules.

The efficiency of the electrochemical hydrogenation
was investigated in two- and three-electrode Swagelok-
type cells. A synthesized powdered alloy was used as
anode material. It was mixed with the electrolyte (6M
KOH solution). An electrolyte-soaked mixture (9:1) of
nickel (1) hydroxide (prepared from NiSO4-7H,0 (99 wt.
%) and KOH (98 wt. %)) and graphite (commercial) was
used as the cathode material. Electrochemical
measurements were carried out in the galvanostatic mode
at 1.0 mA/cm? using MTech G410-2 galvanostat [23].
Cyclic voltammetry and electrochemical impedance
spectroscopy were carried out using 3-electrode
“Swagelok-type” cell and potentiostate-galvanostat from
CH Instruments (Austin, TX, USA). The Ni(OH). or
Hg/HgO was used as a reference electrode. Potential scan
rate from the cathodic towards the anodic direction was
10 mV/sec.

Diffraction data were obtained on DRON-2.0M
powder diffractometer (Fe K, radiation). The
experimental diffraction patterns of alloys were compared
with the theoretical Th2Nii7 diffraction pattern, calculated
in the program Powder Cell [24]. Unit cell parameters
were determined using programs LATCON [25] and
FullProf [26]. The quantitative and qualitative
compositions of studied samples were investigated using
energy-dispersive X-ray spectroscopy (Tescan Vega3
LMU scanning electron microscope (SEM) with Oxford
Instruments Aztec ONE System and electron microscope
REMMA-102-02 with an elemental microanalyzer) and
X-ray fluorescence spectroscopy (ElvaX Pro X-ray
fluorescence analyzer). SEM-images and energy-
dispersive X-ray analysis (EDX) results were obtained at
20-25 kV voltage and high vacuum atmosphere
(9.0-10°3 Pa). X-ray fluorescence spectra were obtained at
60 kV Rh-tube source.
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I1. Results and discussion

To investigate the doping of elements (Y, Zr, La)
influence on the hydrogen sorption properties and
corrosion stability of the ThyNiiz binary intermetallic
compound, we prepared a three ternary samples
Yz,aTb]gNisg,s, Zrz,eTb]gNisg,s, and LazgTh7.9Niges. XRD
phase analysis showed that all samples contain the
hexagonal phase with the ThoNi-type (space group
P6s/mmc, Pearson symbol hP38) as a main phase. Nickel
or based on Ni the Niy.«,RxTby solid solution is the minor
phase, which is in good agreement with the Th—Ni phase
diagram. Cell parameters for studied ternary phases are
presented in Table. The volume of unit cell correlated well
with atomic radii of R-doping components
(rv=179A,rz=1.62 A, r.a=1.87 A). SEM-images of
powdered samples before and after hydrogenation are
presented in Fig. 1. After electrochemical processes the
size of the electrode grains significantly decreased from 5-
10 um to 1-5 pum. EDX-analysis confirmed the formation
of 2:17 stoichiometry phases in prepared alloys. After
hydrogenation, the integral composition of the powders
practically does not differ from the initial one. Small dark
areas after hydrogenation are explained by surface etching
and adsorption of electrolyte components, for example
KOH (after contact with air K,COj3 is formed). X-ray
fluorescence spectra of the electrode samples (Fig. 2) also
confirm the stability of composition of the electrodes after
electrochemical processes in alkaline solution (6 M
KOH).

SEM-image of the Y26Th79Niges alloy and elemental
mapping are presented in Fig. 3. Integral composition
Y26Th76Niggs correlates well with nominal composition.
The alloy contains the main phase with the stoichiometry
2:17 (Y287 Thss)Niss.76)) and the Ni-based minor phase
(Y11 Ths76)Niss2)). Powder XRD patterns of the
Ya26Th7oNiggs sample before and after 50 cycles of
hydrogenation/dehydrogenation are shown in Fig. 4.

We performed electrochemical hydrogenation of the
RxThoxNiy; alloys from the region of solid solution
existence. Selected discharge curves at galvanostatic
mode (1.0 mA/cm?) are presented in Fig. 5. Under
experimental condition capacity parameters are
1.81 H/f.u. for the Zr-containing electrode, 2.29 H/f.u. for
the Y-containing electrode and 2.31 for the La-containing
electrode. These values of discharge capacity are not more
than 45-50 mA-h/g, but they show the influence of
alloying component on electrochemical characteristics.
Discharge capacity depends on crystal structure (cell
volume, void size) and electrochemical behaviour of
components (related to the hydrogen, corrosion activity).
The dehydrogenation process occurs at the values of the
discharge plateau potential of 1.40-1.10 V. We assumed
that by gas hydrogenation at high pressure we can obtain
the hydrides RaM17H4 with larger content of hydrogen. The
value 4-4.5 H/f.u is equal to the discharge capacity of 90—
100 mA-h/g. The main advantage of 2:17 stoichiometry
electrodes is low content of rare-earth elements, which
will affect the price of commercial battery.

Corrosion stability of electrodes was studied using
cyclic voltammetry. All samples demonstrated stability in
the range of potential from -0.4 to +0.4 V. In the case of
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Table 1.
Unit cell parameters of the RyThyxNiiz and ThyNii7.yMy phases
.. Before hydrogenation After hydrogenation

Composition of electrode Ak oA WE Ak oA WE

Zr6Th79Niges 8.2987(9) 8.0206(8) 478.37(9) 8.3366(9) 8.0267(9) 483.10(9)

LaysThroNiggs 8.3690(6) 8.0560(7) 488.66(6) 8.421(1) 8.092(1) 497.0(1)

Y26Th79Nigos 8.3161(6) 8.0482(8) 482.03(6) 8.3712(7) 8.0353(9) 487.66(7)
[27]Tb1sNigaoLiz2Mgss 8.3115(2) 8.0286(3) 480.32(2) 8.344(1) 8.051(2) 485.5(1)
[27]Tb1osNig1sLi33Mgaa 8.3129(4) 8.0384(4) 481.08(4) 8.3488(5) 8.0593(6) 486.49(6)

Z0.00kV xﬂO {1

20.00kV___ x250

h)

Fig. 1. SEM-images of the electrode materials based on ZrsTh,xNii7 (before 50 cycles of the hydrogenation process
- Zro,4Tb1,7Ni15,9 (a), after — Zro,sTbl,eNim,g (b)), Labez.xNin (befor& Lao,eTb1,4Ni17,o (C), after — Lao,sTb1,4Ni17,1 (d)),
Ybez.XNi17 (before - Yo,sTbl,sNiu,o (E), after — Yo,4Tb1,5Ni17,1 (f))
and ThaNiy7xyLixMgy (before — Th1.9NiiesMgo.s(Q)), (after — Th1gNiesMgo.z (h)).

327



V. Kordan, V. Nytka, I. Tarasiuk, K. Kluziak, V. Pavlyuk

1K
Ni K. N
Ni K«
094
08 08 08|
07
06 06 064
= 5 :
4 =
5 :
~ ~
04 | 04 04
|
03
|
02 02 024
bla ZrKa & ZrKa
| [ i) iKp
” U NiKp l ‘(\ NiKp l Ak
Lal,
ZrKp ‘d ZrKp i
JUAd A UL 4
L i e e L oo| sar MM | RN B S I L M N N L
0 2 4 6 8 10 12 14 16 18 20 22 24 2 0 2 4 6 8 10 12 14 16 18 20 22 24 2 0 2 4 6 8 10 12 14 16 18 20 2 24 26
E, keV E, keV E, keV
a) b) c)
10 10 > 1.0
K Ni K« NiKe
0.9 0.9 09
08 08 08
e 07 07
06| 06 06
E =2
< 05 < 054 057
~ T ~
04} 04 04
034 oy 03
o] 02.] 02
0.1 iKp 0.1
0.14 R
¢, i Kp
;I To L, F N Tope r T
Lpla 'ﬁ‘ & L) | Y W% AN 9 ¥
00 |4 oo A AL U0 S| WO e s e o s s s o e
= 0 2 4 6 8 10 12 14 16 18 20 2 24 2 0 2 4 6 8 10 12 14 16 18 20 22 24 2

S S L.
0 2 4 6 8 10 12 14 16 18 20 22 24 26

L ke E keV E keV
d) e) f)
Fig. 2. X-ray fluorescence spectra of the electrode samples: (a) before hydrogenation — Zr,5Thg 2Nigg 3, (b) after
hydrogenation — Zr gTh7.7Niggs, (C) before hydrogenation — Laz 7 Thg 3sNise.o, (d) after hydrogenation — Las3Th7oNigg.7,
(e) before hydrogenation — Y31Thg oNigr.g, (f) after hydrogenation — Y3 1Thg oNig7.o.
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Fig. 3. SEM-image and elemental distribution on the surface of the Y,6Th79Niges alloy (integral composition —
Y26T07.6Nigg.s,main phase — Y2.g7)Thss(5)Niss.7e), dark phase — Y1.1s) Tbs.7e)Nigs 2)).
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the Zr-containing electrode we observed the oxidizing
anodic processes at potential >1.0V. Dynamic
polarization curves were obtained by logarithmization of
current of the first cycle of voltammetry. Cyclic
voltammetry and dynamic polarization curves for the
R«ThaoxNii-based  electrodes are  presented in

4000

| Fe Ko

3000

1000

Fig. 4. X-ray powder patterns of the YosTbisNiiz
before (bottom) and after (top) 50 cycles of
hydrogenation/dehydrogenation.

0 ZeThy Nivy

[, mA

Fig. 6. The best corrosion stability was observed for the
Yo5Tb1sNiy7 alloy (potential corrosion is -0.540 V). The
Zr- and La-containing electrodes showed -0.413 V and
-0.405 V, respectively.

Nyquist diagrams (imagine resistance as function of
real resistance, —-Z = f(Z)) of studied electrodes are
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Fig. 5. Selected discharge curves (10-th cycle) for the
Ni-MH battery prototype with the RxTh2xNii7-based
electrodes.
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Fig. 6. Cyclic voltammetry (left) and dynamic polarization (right) curves for the RyTh2.xNiiz-based electrodes.
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presented in Fig. 7. All intermetallic samples show typical
electrochemical behaviour. First area is connected with
resistance of electrolyte, second (semicircle) is explained
as kinetic and diffusion processes on the surface of the
material. The last region shows the H-diffusion in the
volume of solid state phase. The electrode based on the
YosTh1sNiiz showed two semicircles (small and large).
First small semicircle explains electrochemical ability of
the Ni-based phase Y1.1@) Ths.7Niss 2 (see Fig. 3). Large
semicircle shows electrochemical processes of the main
phase with 2:17 stoichiometry.
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Fig. 7. Electrochemical impedance spectroscopy for the
RxTh2xNii7-based electrodes (Nyquist projections).

Conclusions

Alloys from RyTh2«Niiz solid solutions were
synthesized by arc-melting with further annealing at
400 °C. The cell parameters of phases are: a = 8.2987(9)
A, ¢ =8.0206(8) A, V = 478.37(9) A2 for ZrosTbysNiyz,
a=8.3161(6) A, c = 8.0482(8) A, V = 482.03(6) AS for
YosThisNi;z and a = 8.3690(6) A, ¢ = 8.0560(7),
V = 488.66(6) A® for LagsThisNiiz. Under experimental
condition capacity parameters are 1.81 H/f.u. for the Zr-
containing electrode, 2.29 H/f.u. for the Y-containing
electrode and 2.31 for the La-containing electrode.
Hydrides can be interpreted as superstructures with the
ThoMn17Cos-type  (filled-up of the ThyNigr-type). A
corrosion stability of the electrodes in the alkaline
electrolyte solution was studied by methods of X-ray
phase analysis, scanning electron microscopy, energy-
dispersive X-ray spectroscopy, cyclic voltammetry and
electrochemical impedance spectroscopy. The RyTh2«Niiz
electrodes demonstrate good corrosion stability in alkaline
solution. Potential corrosion for the Yo5Th1sNii7-based
electrode is -0.540 V, for ZrosTb1sNiiz — -0.413 V, for
Lao_5Tb1,5Ni17 —-0.405 V, for szNi16,4Lio,2Mgo,4 -0.410 V,
and szNils_eLio_eMgo,g -0.550 V.

Acknowledgments
This work was supported by National Research
Foundation of Ukraine (2022.01/0064).

Kordan V. — PhD, Research Fellow;
Nytka V. — PhD student;

Tarasiuk |. — PhD, Research Fellow;
Kluziak K. — PhD student;

Pavlyuk V. — DSc, Professor.

[1] J.-M. Joubert, M. Latroche, R. Cerny, R. C. Bowman, A. Percheron-Guégan, K. Yvon, Crystallographic study of
LaNisxSny (0.2 < x < 0.5) compounds and their hydrides, J. Alloys. Compd., 293-295, 124 (1999);

https://doi.org/10.1016/S0925-8388(99)00311-4.

[2] F. Meli, A. Zuettel, L. Schlapbach, Effect of silicon on the properties of ABs-Based alloys for battery electrode
application, Z. Phys. Chem., 183(1-2), 371 (1994); https://doi.org/10.1524/zpch.1994.183.Part 1 2.371.

[3]1. Stetskiv, V. Kordan, I. Tarasiuk, V. Pavlyuk, Synthesis, crystal structure and physical properties of the

ThCo4sSixLiosx solid  solution, Physics
https://doi.org/10.15330/pcss.22.3.577-584.

and Chemistry

of Solid State, 22(3), 577 (2021);

[4] B. Rozdzynska-Kietbik, I. Stetskiv, V. Pavlyuk, A. Stetskiv, LaNissZNg.sxLix (x < 0.2) solid solution phases due
to Li-doping, Solid State Sci., 113, 106552 (2021); https://doi.org/10.1016/j.solidstatesciences.2021.106552.

[5] H. H. Van Mal, K. H. J. Buschow, A. R. Miedema, Hydrogen absorption in LaNis and related compounds:

Experimental observations and their
https://doi.org/10.1016/0022-5088(74)90146-5.

explanation,

J. Less. Common. Met.,, 35(1), 65 (1974);

[6] W. Zhou, Zh. Ma, Ch. Wu, D. Zhu, L. Huang, Yu. Chen, The mechanism of suppressing capacity degradation of

high-Al ABs-type hydrogen storage alloys at 60

https://doi.org/10.1016/j.ijhydene.2015.10.070.

°C, Int. J.

Hydrog. Energy, 41, 1801 (2016);

[7]1 F. Meli, A. Zuettel, L. Schlapbach, Surface and bulk properties of LaNis.sSix alloys from the view point of battery
applications, J. Alloys. Compd., 190(1), 17 (1992); https://doi.org/10.1016/0925-8388(92)90167-8.

[8] N. O. Chorna, V. M. Kordan, A. M. Mykhailevych, O. Ya. Zelinska, A. V. Zelinskiy, K. Kluziak, R. Ya. Serkiz,
V. V. Pavlyuk, Electrochemical hydrogenation, lithiation and sodiation of the GdFe, My and GdMnyxMy
intermetallics, Voprosy khimii i khimicheskoi tekhnologii, 2, 139 (2021); https://doi.org/10.32434/0321-4095-

2021-135-2-139-149.

[9] Yu. Liu, H. Yuan, M. Guo, M. Jiang, Effect of Y element on cyclic stability of A,B7 -type La—Y—Ni-based hydrogen
storage alloy, Int. J. Hydrog. Energy, 44, 22064 (2019); http://doi.org/10.1016/j.ijhydene.2019.06.081.


https://doi.org/10.1016/S0925-8388(99)00311-4
https://doi.org/10.1524/zpch.1994.183.Part_1_2.371
https://doi.org/10.15330/pcss.22.3.577-584
https://doi.org/10.1016/j.solidstatesciences.2021.106552
https://doi.org/10.1016/0022-5088(74)90146-5
http://dx.doi.org/10.1016/j.ijhydene.2015.10.070
https://doi.org/10.1016/0925-8388(92)90167-8
https://doi.org/10.1016/j.ijhydene.2019.06.081

Synthesis and electrochemical hydrogenation of RTb,.xNiiz and Th2Nii7.,My phases (R =Y, Zr, La; M = Li, Mg)

[10] L. Wang, X. Zhang, Sh. Zhou, J. Xu, H. Yan, Qu. Luo, Qi. Li, Effect of Al content on the structural and
electrochemical properties of A;B7 type La—Y-Ni based hydrogen storage alloy, Int. J. Hydrog. Energy, 45, 16677
(2020); http://doi.org/10.1016/j.ijhydene.2020.04.136.

[11] J. Liu, Sh. Zhu, H. Cheng, zZh. Zheng, Zh. Zhu, K. Yan, Sh. Han, Enhanced cycling stability and high rate
discharge ability of A,B7-type La—Mg—Ni-based alloys by in-situ formed (La,Mg)sNiig superlattice phase, J. Alloys
Compd., 777, 1087 (2019); https://doi.org/10.1016/j.jallcom.2018.11.094.

[12] V. Nytka, V. Kordan, A. Stetskiv, V. Pavlyuk, Th2.xNdxZni74Niy (x = 0.5, y = 4.83): a new intermetallic with a
maximum disordered structure and its hydrogen storage properties, Acta Cryst.,, C79, 257 (2023);
https://doi.org/10.1107/S2053229623004369.

[13] V. Pavlyuk, W. Ciesielski, N. Pavlyuk, D. Kulawik, M. Szyrej, B. Rozdzynska-Kielbik, V. Kordan,
Electrochemical hydrogenation of MgslizAliz  solid  solution phase, lonics, 25(6), 2701 (2019);
https://doi.org/10.1007/s11581-018-2743-8.

[14] V. Pavlyuk, W. Ciesielski, N. Pavlyuk, D. Kulawik, G. Kowalczyk, A. Balinska, M. Szyrej, B. Rozdzynska-
Kielbik,  A. Folentarska, V. Kordan, Hydrogenation  and  structural  properties  of
Mgioo-axLixAly ~ (x=12)  limited solid solution, Mater. Chem. Phys, 223, 503 (2019);
https://doi.org/10.1016/j.matchemphys.2018.11.007.

[15] K. Dutta, O. N. Srivastava, Synthesis, structural characterization and hydrogenation behaviour of the new
hydrogen storage composite alloy LaMgi-x wt% LaNis, J. Mater. Sci., 28, 3457 (1993),
https://doi.org/10.1007/BF01159822.

[16] V. Kordan, V. Nytka, I. Tarasiuk, O. Zelinska, V. Pavlyuk, Synthesis, crystal structure, and electrochemical
hydrogenation of the La;Mgiz«Mx (M = Ni, Sn, Sb) solid solutions, Eur. J. Chem., 12(2), 197 (2021);
https://doi.org/10.5155/eurjchem.12.2.197-203.2092.

[17] V.Nytka, V. Kordan, V. Pavlyuk, LasesMgsoShi.o7 as a disordered derivative of ThoNiyz-type structure, Z. Krist.-
New Cryst. St., 237(6), 1147 (2022); https://doi.org/10.1515/ncrs-2022-0411.

[18] N. Pavlyuk, V. Nytka, V. Kordan, V. Pavlyuk, Crystal structure of the hydrogen storage active phase
La1oMgassLiMn, Z. Krist.-New Cryst. St., 238(6), 1223 (2023); https://doi.org/10.1515/ncrs-2023-0416.

[19] O. Isnard, S. Miraglia, J. L. Soubeyroux, D. Fruchart, A. Stergiou, Neutron diffraction study of the structural
and magnetic properties of the RoFe17Hx(Dx) ternary compounds (R = Ce, Nd and Ho), J. Less-Common Met.,
162, 273 (1990); https://doi.org/10.1016/0022-5088(90)90343-I.

[20] A. Percheron-Guégan, C. Lartigue, J. C. Achard, P. Germi, F. Tasset, Neutron and X-ray diffraction profile
analyses and structure of LaNis, LaNis.xAlx and LaNisxMny intermetallics and their hydrides (deuterides), J. Less.
Common. Met., 74(1), 1 (1980); https://doi.org.10.1016/0022-5088(80)90063-6.

[21] V. M. Kordan, O. I. Zaremba, P. Yu. Demchenko, V. V. Pavlyuk, Synthesis and electrochemical properties of
Li,CaxNd1-xMnO3 solid solution, Acta Phys. Pol. A, 114(4), 273
(2022); https://doi.org/10.12693/APhysPolA.141.273.

[22] V. Kordan, O. Zaremba, P. Demchenko, V. Pavlyuk, Synthesis and electrochemical properties of LiyMi.
«CaxMnOs (M = Pr, Eu) solid solutions, Physics and Chemistry of Solid State, 23(4), 699 (2022);
https://doi.org/10.15330/pcss.23.4.699-704.

[23] MTech. Retrieved from: http://chem.Inu.edu.ua/mtech/mtech.htm [in Ukrainian].

[24] W. Kraus, G. Nolze, PowderCell for Windows (Federal Institute for Materials Research and Testing, Berlin,
2000).

[25] D. Schwarzenbach, Program LATCON: refine lattice parameters. (University of Lausanne, Lausanne, 1966).

[26] J. Rodriguez-Carvajal, The Satellite Meeting on Powder Diffraction of the XV Congress of the IUCr (Toulouse,
1990), p. 127.

[27] V. Kordan, V. Nytka, G. Kovalczyk, A. Balinska, O. Zelinska, R. Serkiz, V. Pavlyuk, Influence of doping
elements on the electrochemical hydrogenation efficiency of ThyNiiz-based phases, Chem. Met. Alloys, 10(1/2),
61 (2017); https://doi.org/10.30970/cmal0.0355.

331


https://doi.org/10.1016/j.ijhydene.2020.04.136
https://doi.org/10.1016/j.jallcom.2018.11.094
https://doi.org/10.1007/s11581-018-2743-8
https://doi.org/10.1016/j.matchemphys.2018.11.007
https://doi.org/10.1007/BF01159822
https://doi.org/10.1515/ncrs-2022-0411
https://doi.org/10.1515/ncrs-2023-0416
https://doi.org/10.1016/0022-5088(80)90063-6
https://doi.org/10.12693/APhysPolA.141.273
http://chem.lnu.edu.ua/mtech/mtech.htm
https://doi.org/10.30970/cma10.0355

V. Kordan, V. Nytka, I. Tarasiuk, K. Kluziak, V. Pavlyuk

B. Kopnan?!, B. Hutka?, 1. Tapaciox?, K. Knyssax?, B. ITaBmok!?

Cunre3s i esiekTpoximiuHe rinpyBanns ¢a3 RxTb2xNiiz Ta Th2Ni7yMy
(R=Y,Zr, La; M =Li, Mg)

Ylvsiscoruil nayionanvhutl yrnisepcumem imeni leana @panxa, Jvsis, Ypaina,
2Iymanimapro-npupoonuyutl yrigepcumem imeni Ana Jnyzowa, Yencmoxosa, Ionvwya, vasyl.kordan@Inu.edu.ua

CrutaBu 3 o6uacti icHyBaHHsI TBepaux po3urHiB RxTb2xNii7 ta and Tb2Niiz.yMy Oynu curTe30BaHi METOIOM
€JIEKTPOAYTOBOTO CIUIABIISIHHS 3 mojansiiuM BigmaigoMm 3a 400 °C. KinpkicHUH Ta SKICHHH CKJIaJ CIUIaBiB Ta
MOPOWIKIB  €JICKTPOAHUX MaTepiaigiB OyB BH3HAUECHHH CKaHYIOHOIO €JEKTPOHHOIO MIKPOCKOII€ Ta
€HeproAnCIepCiiHOI0 peHTIeHIBChKOIO criekTpockomiero. CriBignomenHs Tb/R/Ni ta Tb/Ni/Mg y 3pa3kax Takox
OyJ0 MiATBEpAKEHO PEHTIeH-(PIyOpECLEHTHOI CHEeKTpocKkomiero. [lapamerpu Komipok Ui TepHapHHUX (a3
RiThzxNizz (x = 0,5) cranosnste: a = 8,2987(9) A, ¢ = 8,0206(8) A, V = 478,37(9) A3 mna R = Zr,
a=28,3161(6) A, c = 8,0482(8) A, V =482,03(6) A3 nna R =Y, a=8,3690(6) A, ¢ = 8,0560(7), V = 488,66(6) A3
it R =La. Atomu Tb yacTkoBO 3aMillyroThcs aToMamu Y, Zr Ta La uepe3 Onu3bke 3HAUCHHS aTOMHUX PaJIiycCiB.
3a yMOB €KCIIEPUMEHTY €EMHICHUH mapametp ctanoBuTh 1,81 H/d.o. nms Zr-BmicHoro enekrpona, 2,29 H/d.o. ans
Y-BmicHoro emektpona ta 2,31 H/d.o. mna La-BmicHoro enekTpoma. Y BHIIQAKY OJHOYACHOTO 3aMiIIEHHS
enextpoaiB Li Ta Mg Mu mpocTeKyBanu BMICT riporeHy O0inbiuii 3a 2,5 H/¢.o. BHacmizok rigpyBaHHs mapaMeTpu
KoMmipok Zr- i La-BmicHuXx (a3 i30TpomHO 30inbnrytoThess. CHHTE30BaHI TiIPUAM MOKHA IHTEPHPETYBATH K
HaZCTPYKTYpH 3 THIOM Tb2Mn17Cz5 (3anoBHennii Tum ThzNii7). KoposiitHa CTiliKicTh eeKTpoaiB y TyXHOMY
CEpPEIOBHII EICKTPOJIITY Oylia JOCHiPKeHa METOJaMU PEHTTCHO()A30BOTO aHalli3y, CKaHYHUOl ENECKTPOHHOL
MIKPOCKOIIil, EHeproANCIIepCiHHOI PEHTIeHIBCHKOI CHEKTPOCKOIil, LUKIIYHOI BOJIbTaMIepoMeTpii Ta
eNIEKTPOXIMIYHOI iMITeIaHCHOI criekTpockomii. Enektpon Ha ocHOBI Yo,5Th1,5Ni17 1eMoHCTpye moTeHIian Koposii -
0.540 B, enexrposu 3i ckinagoM Zros T b1,5Nii7 ta LaosThisNitz xapakrepu3yroThes HOTEHIianoM Kopo3ii -0.413 B
Ta -0.405 B, BimnmosigHo. EnexTpoau, mo Mmictarte ogHouacHO Li- Ta Mg- IeMOHCTPYIOTH MOTEHINald KOpo3ii
-0.410 B (Tb2Nis4Lio.2Mgo.4) Ta -0.550 B (Tb2Ni1s.6LiosMgo.s).

KiouoBi ciioBa: peHTreHiBebka qudpakiis MOPOIIKY; CKaHylo4Ya €JIeKTPOHHA MIKPOCKOIIiS; CTPYKTYPHHUI
T TheNii7; enekTpoxiMidHi BIaCTHBOCTI; HIKETb METAOTIAPHAHUI aKyMyJISATOP.

332


mailto:ira.stetskiv95@gmail.com

