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Electrochemical hydrogenation of the phases Thi;;xMy, x=1 (M = Li, Mg, Al, Ge, Sn, Sb, Bi, Co) that
crystallize in the ThyNi;~type structure was investigated for the first time The phases containing the
s-element Li or Mg, or a mixture of these (Li, Mg) & doping element showed the best Coulomb efficiency
Under the conditions of the experiment (10 mA-h chrge) pure Th,Ni;; absorbed approximately 0.67 H/f.u.
(50.0 % efficiency), the Li-containing phase approxnately 1.43 H/f.u. (86.0 %), the Mg-containing phae
1.37 Hff.u. (76.3 %), and the phases with a mixtureof Li and Mg, namely Tb,NijeliosMgos and
ThoNigsdioeMgos 1.46 H/f.u. (91.5 %) and 1.50 H/f.u. (95.0 %), spectively. The phases witlp-elements
such as Al, Ge, Sn revealed interaction of the swfe with the electrolyte, but showed structural and
corrosion stability over 30 charge-discharge cyclesThe Al-containing phase absorbed 1.09 H/f.u. (69 %
efficiency), the Ge-containing phase 1.05 H/f.u. 86l %), the Sn-containing phase 0.76 H/f.u. (52.5 Y6the
Sh-containing phase 1.24 H/f.u. (75.5 %), and theif8ontaining phase 1.46 H/f.u. (79.8 %). Cobalt waadded
to the initial binary compound in larger amounts (Y to 26.3 at.%) because smaller quantities did not
increase the amount of absorbed hydrogen, but evdrigh Co contents did not affect the results signigiantly
(0.98 H/f.u., 59.5 % efficiency). In all cases intealation of hydrogen occurred in octahedral voids(Wyckoff
position 6h) of the initial structures, i.e. the coordination polyhedron of the H-atoms was aroctahedron
[HTb,(Ni,M),]. Electron microprobe analysis showed that the el#grodes on the basis of TiNi;;4xM, were
stable in the electrolyte over 30-50 cycles of etemchemical processes. Cyclic voltamperometry, imgkance
measurements and corrosion studies of the electrodmaterials also confirmed their stability in alkaline
solutions of electrolyte (6 M KOH).

Intermetallic compound / Solid solution / Electroctemical hydrogenation / Electrode material /Ni-MH batery

Introduction alkaline solution of the electrolyte 6M KOH they
can be used as electrode materials in Ni-MH

Intermetallic compounds on the basis of rare-eantth batteried1-6].

transition metals show a variety of interesting $ibgl Some intermetallics on the basis of rare-earth

and chemical properties such as electric condugtivi metals absorbing a large amount of hydrogen were
thermal conductivity, magnetism, and catalytic studied in[7-9]. Stetskiv et al. [10] carried out
properties. If the compounds contain Mg or a electrochemical hydrogenation and investigated the
transition metal and their crystal structures are corrosion behavior of L&,M, (T=Co, Ni and
characterized by large voids, they can absorb M = Al, Ge, Li) phases crystallizing in the Cagupe
hydrogen, forming hydrides. These hydrides often structure. Doping of the LaGoand LaNi binary
keep the structure of the initial intermetallic phases by Al, Ge or Li improved the corrosion
compounds, forming solid solutions with inclusioh o  resistance, thermal stability and absorption cadpaci
H-atoms. In other cases the hydrides are individual during the electrochemical hydrogenation. The eelat
compounds with a structure different from that lod t phases LaNiAlg, and LaNigAlgiligs were
initial phase. If these compounds are stable in an investigated by Gizat al.[11]. Partial substitution of
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Li for Al led to an increase of the amount of alfwsmt

form any solid solutions with Mg. However, in our

hydrogen and to a decrease of the plateau pressures previous workg33,34] we found that the solubility of

On the basis of potentiokinetic polarization
characteristics, it was demonstrated that the poese
of Li in the alloy was advantageous from the paiht
view of corrosion resistance. There is also infdioma
about such doping elements as Al, Zn, Sh, Biahil

Mg and their influence on the absorption and
desorption processé$2-22]. In 2009 Gizeet al. [20]
noticed that doping of LaGédbased alloys by small
amounts of Mg, Sb or Bi increases the effectivenndéss
the hydrogen absorption as compared to the
intermetallic compound LaGo Typical
potentiokinetic polarization curves in abpotassium
hydroxide solution showed that such substitution
resulted in lower anodic currents in the passivatio
range. The substitution did not significantly afféee
shape of the potentiokinetic polarization curves at
pH 2 and 7. Partial replacement of cobalt by bismut
in LaCg; increased the effectiveness of the absorption
of cathodically evolved hydrogen in strong alkaline
solutions.

The authors of[23-26] studied alloys with
ThoNi,~type structures. Levytskyyet al. [23]
investigated gas hydrogenation of By, (M = Co,

Ni) intermetallics. According to their results the
Co-containing phase absorbed Bl/Au. and the
Ni-containing phase 3.8/f.u. under SMPa hydrogen
pressure, preserving the crystal structures ofrtitiel
compounds. Tereshinat al. [24] noticed that some
magnetic  characteristics (such as the Curie
temperature and magnetocrystalline anisotropy) were
highly sensitive to the concentration of hydrogen i
Dy,Fe;;H, and exhibited dramatic changes with
increasing H-content. They explained this by a rhode
that took into consideration the interaction of the
quadrupole andf4electron magnetic moments of the
rare-earth ions with the interstitial hydrogen asom
Wirth et al.[25] confirmed that inclusion of hydrogen
into the structure ofRFe; (R=Y, Sm and Gd)
intermetallic compounds causes significant anigotro
of the physical properties. Isnar al.[26] investigated
several deuterides,Fe;D, (R=Ce, Nd, Ho) by
neutron diffraction and found that the octaheditd s
in 6h is favored in the hydrides (deuterides).
Substantial occupation of the tetrahedral site 2n 1
only occurred for higher H content ¥ 3).

Ternary alloys from the Thli;~Th,Al,; section,
where the boundary phases crystallize in structafes
the hexagonal TMNi,~type and form a continuous
series of solid solutions, were studied by several
authors [27-30]. All the experimental work was
focused on the study of the magnetic behavior egeh
phases. Also the intermetallic compouiy€o0;,,Ga,
were studied with the purpose to investigate their
magnetic propertie81].

There is not much information available on the
solubility of third components such as Li, Ge, Sh,

Bi, or Co in the compound BFHii;. Solokha[32]
claimed that the binary compound ;Nb;; does not
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Mg in ThNiy; is ~8at.% and the solubility of Sn in
the same compound #5.%. Moreover, we studied
these Mg- and Sn-containing alloys as negative
electrodes for Ni-MH batteries at a charge oh&: h.

The Coulomb efficiency for the pure binary ;Nb;;
phase and for the Mg- and Sn-containing ternary
phased33,34] was the same as for the title phases,
which were studied at 19A-h. We also studied the
influence Li and Al as dopants on the processes of
electrochemical and gas hydrogenation of metallic
magnesium and noticed lower temperature and lower
equilibrium pressure for gas hydrogenation, antebet
stability of the doped alloys during the charge-
discharge processes as compared to pure Mg. By
hydrogenation of the MgLi;,Al, phase we obtained
the composition Mgli;,Al,H;4 with a hexagonal
structure, further hydrogenation of which led to a
change of the structure to orthorhomfig-37].

The main purpose of this research was to study the
effect of doping of TENi;; by somes, p- and
d-elements on the amount of absorbed hydrogen and
the electrochemical characteristics of the alloy&e
compared the Coulomb efficiency of Ni-MH
prototype batteries with different I¥i,,,M, alloys as
negative electrodes. We also studied the stallfty
the electrode materials in the electrolyteM8<OH)
and the change of the surface morphology during the
electrochemical processes.

Experimental

Terbium, nickel, tin, antimony, magnesium, lithium,
aluminum, germanium, bismuth, and cobalt, with a
nominal purity of more than 99wt.%, were used as
starting materials. Alloys with the compositions
TbyoNiggs TbioNigsLioMgzs ThyoNigz s isMgs,
TbioNigzMg7a  TbioNigsa Alss,  ThioNigs Geys,

Tbyo Nigs 2Srss, ThioNigsShss ThioNigs Bis, and
ThyoNies L0635 Were synthesized by arc melting of

pure components under an argon atmosphere. To
reach homogeneity the samples were sealed in silica
ampoules, annealed at 400 and 600°C for 2 months
and finally quenched in cold water. In the casehef
lithium-, magnesium-, antimony-, and bismuth-
containing alloys, the above-mentioned metal was
added in excess of about 10+20%, and the
components of the samples were first pressed into
pellets and then melted to avoid loss of these Imeta
because of their low boiling temperatures.

Phase analysis of the alloys, before and after the
electrochemical processes, was carried out by powde
X-ray diffraction using a DRON-2.0M diffractometer
(FeKa-radiation). The lattice parameters of the
observed phases were refined using the LATGg8Y
and PowderCell39] programs.

Electrochemical hydrogenation of the N
binary compound and its ternary derivatives
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Th,Niy75My (M = Li, Mg, Al, Ge, Sn, Sb, Bi, Co) was
carried out in 2- and 3-electrode Swagelok-typéscel
The battery prototype consisted of a composite
negative electrode containing @3of alloy and a
positive counter-electrode containing Ni(QH)a
mixture of thea- and B-modification) with graphite
for better electric conductivity. AmorphousNi(OH),
is electrochemically active and can transform into
crystallinef-Ni(OH), by drying and dehydratigf].

A separator made from pressed cellulose soaked in
6 M KOH as an electrolyte was placed between the
electrodes to avoid contact between them. Testing o
the batteries was carried out in galvanostatiamegiver
30-50 cycles, using a galvanostat MTech G410€.
A potentiostat-galvanostat from CH Instruments
(Austin, TX, USA) was used to measure the cyclic
voltamperometric, potentio-kinetic and impedance
characteristics. The electrode materials were pegba
by grinding the alloys into powders. Multi-cycle
chronopotentiometric measurements were performed
in 3-electrode Swagelok-type cells. The specific
capacity and the Coulomb efficieneg.the number of
cycles for the tested alloys were investigated in a
2-electrode cell (coin prototype).

The morphology of the material surfaces, as well
as the qualitative and quantitative compositionthef

observed phases, were examined using a scanningthat

electron microscope REMMA 102-02.

Results and discussion

The phase analysis of the alloys based on powder
X-ray diffraction revealed that all the samples
contained only the expected phase with hexagonal
ThyoNi,~type structure. For all of the samples we
observed a regular expansion of the unit cell with
respect to the parent compound, in agreement \h t
atomic radius of the dopant rgf=1.25A,
ree=1.37 A, ra =143 A, r; =152 A r5; =156 A,
rsp=1.59 A,ryg = 1.60 A;rs,= 1.62 A,ry; = 1.24 A).

It should be noticed that in all cases we observed
partial replacement of Ni-atoms by lithium,
magnesium (or both), aluminum, germanium,
antimony, tin, bismuth, and cobalffgble ). The
EDX-analysis confirmed the formation of solid
solutions of substitution on the basis of ;Nh,
exclusively.

The electrochemical
NiOOH|| To:NizH, and  NiOOH| Th;NiszxMyH,
prototype batteries was investigated over 30-50
charge-discharge cycles. In all cases observed an
increase of the volume of the unit cell, as a tesfil
the inclusion of H-atoms into the structure of the
initial compound Table ). The SEM-images and the
results of the EDX-analysis of the electrode materi
based on the studied alloys are presentédgnl As
a result of the electrochemical processes, theasairf
of the electrode material became more porous. For a

hydrogenation of the

grain size. In the case of the samples doped by
p-elements (such as Al, Ge and Sb), or by the maxtur
Li+Mg, we observed more significant changes in the
morphology of the samples after the electrochemical
studies. This may be explained by activation
processes, such as etching of the surface and e¢gmov
of adsorbed gases {ON,) from the surface of the
grains. We assume that a thin film of oxides and
hydroxides of some active elements interacts with t
electrolyte, forming a thin layer on the surfacethu#
grains. This thin layer is destroyed during thestfir
charge-discharge cycles, so that we obtain an eactiv
surface with a high amount of pores. We noticed tha
porous materials better absorb hydrogen, and such
activation of the surface also affects the actoraf

the volume of the grains. We guess that active
components of the alloys can interact specificaiij

the electrolyte to form some oxygen-containing
interface on the surface of the material. Howewer,

did not observe any evidence of corrosion. This was
confirmed by the absence of additional reflections
(from oxides, hydroxides) in the diffraction patterof

the alloys after electrochemical hydrogenation. The
changes of the morphology of the electrode surfaces
and the grain size, resulting from the electrocleaini
processes, are presented-ig. 1 It is worth noticing

the electrodes prepared from the alloys
synthesized here were stable over more than 30inand
some cases more than 50 cycles. The change of the
guantitative composition of the phases was also
insignificant after hydrogenation.

The electrochemical reactions that occurred on the
electrodes in the constructed Ni-MH prototype
batteries can be presented by the following scheme.
The cathode process can be described as follows:

NIOOH +ZzH,0 +z& _gsmgsrsge. Ni(OH), + zOH'.

The potential of this reaction reaches 0.5pL\

At the anodes we observed electrochemical intenacti
of the H-atoms with OHions. During this reaction the
initial intermetallic compounds served as matrix fo
the storage of hydrogen.

ThoNiy73MH, + ZOH" - z& _gisehasoesbarse
ThbyNiq74My + zH50.

The potential of this reaction is in the range 50t8
-0.75V [1]. The total battery reaction showed a
potential in the range +1.27 to +1.87 The value of
the potential of the discharge plateau dependshen t
amount of intercalated hydrogen and the qualitative
and quantitative composition of the electrode
materials.

Discharge curves for the studied Ni-MH prototype
batteries are presented lifg. 2 Discharging of the
batteries with anode materials on the basis gNib
or ThyNi;7,Myx (M = Li, Mg, (Lio..Mgo.e), (Lio.esMQo.s),

Al, Ge, Sn, Sh, Bi, Co) was carried out at @M&. The

of the samples we also observed a decrease of theparameterQ® in Table 1 indicates the amount of
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charge at the 30-th discharge cyckeg( 2. We can
see that the longest times of discharge and voltage
correspond to the Li-containing phase and the solid
solutions containing a mixture of Li and Mg1,42].

The increase of the unit cell volume, improvemeit o
the corrosion resistance, and stability of the fem
hydrides observed for these alloys, are the
main reasons for the high Coulomb efficiency.
The charge process for the electrode samplas
carried out at a current of 2.0-2v®A. For ThNi;

and TbNi;7,M, with M=Mg or Sn we obtained
charge-discharge characteristics at r@® h and
10.0mA-h. For the other electrodes the same
experiments were carried out at 1@-h. In all
cases we observed only one plateau, which can be
explained as the reaction of intercalation of Hasgo
into the structure of the intermetallics without
formation of molecular hydrogen §H The amount of
hydrogen was calculated at chargecy(H) and
discharge (lglschargd Using Faraday’s laws. At the

conditions of the experiment we obtained hydrides
with small amounts of hydrogen because of the low
value of charge that passed through the
electrochemical system.

During electrochemical hydrogenation hydrogen
atoms are formed by dissociation of Molecules on
the surface of the alloys. Then these atoms peretra
the volume of the material and occupy the octahedra
voids of the structure in Wyckoff positiom§Fig. 3.

As a result the volume of the initial structure
increases. We assume that at low hydrogen
concentration (< Bi/f.u.) only the octahedral voids
are involved. The reason for this is the positibthe
atoms that form the octahedral voids in the stmgctu
four atoms of nickel (or a statistical mixture (M})

are situated in one plane and a large terbium asom
located on each side of the plane. This atom
arrangement (Thi) allows increasing the volume of
the voids since the atoms are easily displaced when
hydrogen atoms enter the voids.

Table 1 Structural and electrochemical characteristicsotitissolutions based on FMi;; and their hydrides.
The Coulomb efficiency of the electrochemical hygkoation 7 is averaged over the first 30-50 cycles,

depending on the duration of the experiment.

e | ar | ea w6 ]
ThNizs 8.3129(5) | 8.0184(7)| 479.87(5)
Th,NiyH2 8.367(1) 8.067(1) 489.1(1 192 110 535 (8222) >0.0
ToNidiis | 8.3148(2) | 8.0388(3) |  481.32(2)
ThyNiysdis sHy 8.3540(3) | 8.0624(5) 487.29(3) 1.24 1.66 8.90 1.43 86.0
ToNirdioMdos | 8.3115(2) | 8.0286(3) | 480.32(2)
ThyNisdlioMgocHy | 8.344(1) | 8.051(2) agss) 08| 160 | 915 | 146 | 9LS
ToNizsdioMges | 8.3129(4) | 8.0384(4) | 48L1.08(4)
ThyNizs dioMdosHy | 8.3488(5) | 8.0593(6) | 4s6.49() 12 | 18 | ~9501 1501 950
ToNis Mg | 8.335(1) | 8.063(2) 485.2(1 137
ThoNizs Mass @ | 8.380(1) | 8.083(2) agrzqa) T34 | A9 78S g | 763
ToNizoAl 8.3677(d) | 7.9965(6) | 484.89(3)
ThNiAH, | 8.425(2) | 8.037(2) a9a0(2) 188 | 161 7001 1091 67.8
ThNizGe 8.3323(7) | 8.0395(9)|  483.39(})
ThNiGeH, | 8.3836(8) | 8.0694(9) | a4o1a7(p) 1Ot | 166 | €101 1051 631
ThNizeSn 8.356(2) | 8.126(d) 491.4(3) 076
ThNieSnHZ | 8.380(2) | 8.143(3) a95.2(2) 077 | 20| 570 ne3) | 525
ToNissSbi, | 8.3893(4) | 8.0907(6) |  493.14(d)
ThoNisssShisH, | 8.4383(6) | 8.142(1) s02.09(7) 8 | 164 | 70| 124 755
ThNize Bios | 8.3434(9) | 8.052(1) 485.4(1)
ThoNiss BiosH, | 8.388(1) | 8.056(1) agroa) T | 18| 775 1461 798
ThNip,Cos 8.3476(7) | 8.041(1) 485.25(9)
ToNiCoHy, | 8.374(2) | 8.077(3) a905(2) 08 | 165 600) 0881 595

#The results at 8 mA-h were publisheddf,34], the values of H/f.u. at this charge are giveparentheses.
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The amount of intercalated hydrogen in the voids 12, together with the octahedral voidk, &an
structure is not large; the maximal amount showd b  be occupied during gas hydrogenation. The tetrathedr
obtained at a larger electric charge (in the calse o voids have smaller size than the octahedral onés bu
electrochemical hydrogenation) or higher pressdre o consist of only Ni-atoms (or atoms of the statadtic
hydrogen (in the case of gas hydrogenation). Itnbot mixture (NiM)). The coordination polyhedron of the
cases we observed the formation of a solid soluifon H-atoms in the structure of MWi7.MH, is an
inclusion of H-atoms into the structure of the octahedron HHTb,M,] for y<3 and a tetrahedron
ThyNi;7xMy phases. We assume that the tetrahedral [HM,] fory > 3 (Fig. 3.

Fig. 1 SEM-images of the anode materials before (*) aftdr a**) 30-50 cycles of electrochemical
hydrogenation: TR sNigged (@), ThiadNigsed™ (b), ThoeNigs7Mass® (€), TbiosdNigseMgs z3™ (d),
TbyoeNigs 7MPz43"  (€), Tbi1oNigs2Mgze7™  (f), ThogNigsadAlszs* (9), Thio2NigssAlae™ (h),
Tbi1eNigs 160623 (i), TbiiodNige3dG€3s™ (j), ThiroNig228548" (K), ThipeNig2se5585* (1),
Thyo.6Nies 38 023,85 (M), Thyo 7éNi6s.34C025 8™ (1), Thyo 3:Nig7.0Biz.67" (0), Thiz odNigs 3Biz76™ ().
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| —— (Binary)

2=——(-Sm)
3=——(-C0)
d=——(Ge)
S=—(-Al)

6= (-Sh)
T—(-Mg)
§—— (-Bi)
9=——(-Li)

10— (-Lio4Mgos)
H——(-LiosMgos)

T T T T T .I T T T 1
0 2 4 6 8 10 12 14 16 18 20
7 h

Fig. 2 Discharge curves (30-th cycle) for the
systems NiOOH // TiNi;;MH,, M = Li, Mg,

LigsM0oe LioeMdos Al, Ge, Sn, Sb, Bi and
Co in galvanostatic regime at 0.5 mA.

Fig. 3 Unit cell of TNi;7,MH, hydrides
(if y < 3 the H-atoms occupy the octahedral 6
voids; if y > 3 additional tetrahedral L&oids
are filled withH-atoms)[26].

Multi-cycle chronopotentiometric data for the
Ni-MH prototype battery Kig. 4 confirmed the
stability of the electrode materials on the badis o
Tb,Niyglio Mdoe ThNiisdioeMdos ThNigAl and
Th,Ni,Cos alloys over 20 cycles, and the similar
behavior of these phases. The alloys with the
statistical mixture (Li, Mg) or Al as doping
component showed better results than those with Co.

To confirm the stability of the studied alloys we
carried out voltamperometric and impedance
measurements and obtained the cyclic voltammetric
and potentio-kinetic polarized curves showrfigs. 5
and6. On the cyclic voltamperogrambi¢. 5 we did
not observe any significant interaction of the skmp
in the cathode and anode regions. The most stable
alloys are those doped by Al or Li and Mg
simultaneously. Moreover, the alloy containing the
larger amounts of Li and Mg was more stable in the
electrolyte. For the Al-containing electrode matkri
the potential of corrosion was.,,=-0.565V,
for szNlleLl 0_4Mgo_6 Ecor = -0.410V, for
szNileLio_gMgg'g Ecorr: '0550V, for the
Co-containing phase the potential of corrosion was
-0.420V (Fig. 6). These alloys are stable in 6 M KOH
in the range of potential -0(80.4)...+0.4(+0.8) V.
Impedance studies of the JNijsdigeMgos alloy
confirmed its stability and showed a logical deseea
of the resistance at the electrode layer with iasireg
potential. The best diffusion of hydrogen into the
structure was observed at the higher potential

(0.9V) (Fig. 7).

E,V

s ]
S

E,V
f
]
[

E,V

ST

) 2
7- 104, sec

Fig. 4 Multi-cycle chronopotentiometric data
for Ni-MH prototype batteries with anode
materials on the basis of Mi¢ligMdos (a),
ThoNiysdioeMdos (b), ThNijeAl (c), and
Th,Ni;,Cos (d) alloys.

1+105A
o

Fig. 5 Cyclic voltammetric dependencies for
electrodes on the basis of ;Nd6LigsMgos (@),
ThyNissdioeMgos (D), ThNieAl (c), and
Th,Niy,Cos (d) alloys.
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lgl

b
d

-9 T T T
-0,4

T
0,0 0,4 0,8 1,2

E,V

1,6

Fig. 6 Potentio-kinetic polarized curves for
electrodes based on the ;NigligMgos (a),

ThoNiysdioeMdos (b), ThNijeAl (c), and
Th,Ni;,Cos (d) alloys.
45j
404 0.8V
3‘53 09V
g j
SREE
O 25 ]
I 154
1.0+
05 1 T T T T T / T T T
30 4.0 50 8.0 7.0 8.0 9.0 10.0 11.0 120 13.0
-Z',Ohm

Fig. 7 Impedance for the electrode based on
Th,Niss dioeMgo.s

During the charge process a charge of 10 mA-h
passed through the prototype battery. The binary
phase TENi;; absorbed the smallest amount of
hydrogen and showed a hydrogenation efficiency of
about 50 %. The largest efficiency of electrocheic
hydrogenation, which reached 95.0 % (averaging over
the first 50 cycles), was observed for the alloy
containing a combination of Li and Mg at the
composition TbNisdiggMgos Lower Coulomb
efficiency (91.5%) was observed for the sample
Th,NiqgliosMgoe With smaller amounts of Li and Mg.
An additive effect was observed when we used
simultaneously lithium and magnesium as dopants,
since the alloy containing lithium exhibited 86.0 %
Coulomb efficiency and the alloy containing
magnesium 76.3 % Coulomb efficiency. The phases
with p-elements (Al, Ge and Sn) as dopants showed a
relatively low amount of absorbed hydrogen and the
values of the efficiency were 67.7, 63.1 and 52.5%
respectively. The phases with sysfelements as Sb,

Bi formed solutions TiNi,7xMH, of the inclusion
type with larger amounts of hydrogen and showed
755% and 79.8% efficiency. Co as doping
component caused little improvement of the efficien

Chem. Met. Alloy40(2017)

(59.5% for 26.%t.% Co), compared to the binary
Th,Ni,7 phase.

Among the advantages of the electrode materials
on the basis of phases with ;N type structure is
their lower price, because the amount of rare-earth
metal in these phases is 1@, while in
commercial batteries based on phases with GaCu
type structure the content of rare-earth metal is
16.7at.%. However, the maximum amount of
absorbed hydrogen reachebl4.u., which is less than
for LaNi; (6H/f.u). This hydrogen content is
equivalent to a capacity of 8BA-h/g for
electrochemical hydrogenation. The phases studied
here are stable in alkaline solutions of electm{@M
KOH), keep the crystallinity of the electrode méitkr
during the electrochemical processes, and preskeve
structure of the initial compounds. This makes them
perspective materials for accumulation of hydrogen
and as electrode materials in Ni-MH batteries.

Conclusions

During the study of the electrochemical hydrogenati

of the phases Thli;7xM,, x=1 (M= Li, Mg, Al, Ge,

Sn, Sb, Bi, Co), we observed that the amount of
electric charge has no significant influence on the
Coulomb efficiency, but affects the quantity of
intercalated hydrogen. The gEhargfHcharge ratio
(efficiency of the hydrogenation) for the electrede
based on the pure binary ;Ni;; phase, or ternary
Mg- or Sn-containing phases, was similar at 8.0 and
10.0 mA-h. Generally, the increase of the volume of
the unit cell depends on the amount of intercalated
atoms, but, because of the weak diffusion of H-atom
during discharge, we observed a low amount of
Haischargdf-U. Another reason for this can be undesired
electrochemical reactions, for example the fornmatio
of molecular hydrogen.

Lithium, magnesium, rare
transition metals have the
hydrogen, and a combination of these elements,
forming multi-component alloys, could probably be
better materials for negative electrodes in Ni-MH
batteries. The solid solution with the composition
ThoNiqelioeMgos showed better properties (9340
Coulomb efficiency) than the alloy TWiielioMgos
(91.5% Coulomb efficiency) and the other solid
solutions. This encourages us to continue the
experimental work in this direction, with the pusgo
to create new electrode materials with improved
characteristics.

earths and some
ability to absorb
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