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The structural, electrokinetic, energetic, and magnetic properties of the new semiconductor
thermoelectric material n-Zr; xNb.NiSn, x = 0—0.07, obtained by doping n-ZrNiSn with Nb
atoms (4d’5s') by replacing Zr atoms (4d°5s’) were investigated. The nature of the
generated energy states and mechanisms of electrical conductivity were established. It was
shown that in the n-Zr;«NbNiSn structure, there is a simultaneous substitution of Zr atoms
by Nb atoms in different ratios, as well as the occupation of tetrahedral voids of the
structure by Nb atoms. The decrease in the unit cell parameter a(x) of n-Zr;.Nb:NiSn at
concentrations 0 < x <0.05 is caused by the preferential partial substitution of Zr atoms
(rz- = 0.1602 nm) by Nb atoms (rxy = 0.1468 nm), and the increase in the lattice parameter
a(x) at x> 0.05 is caused by the preferential occupation of tetrahedral voids of the
structure by Nb atoms. Structural transformations of n-Zr;xNb.NiSn generate two types of
defects of donor nature and the corresponding energy states of the band gap €4, which meet
the condition for obtaining the maximum efficiency of converting thermal energy into
electrical energy. It is shown that the n-Zr;.Nb:NiSn semiconductor is a promising
thermoelectric material.
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Introduction

Semiconductor solid solutions based on half-Heusler phases, in particular, n-TiNiSn,
n-ZrNiSn, and n-HfNiSn, are among the most studied thermoelectric materials, since they have
a high efficiency of converting thermal energy into electrical energy [1-4]. In semiconductor
materials, to obtain maximum values of the thermoelectric figure of merit Z (Z = o2 6/k), the
electric transport properties are optimized by appropriate doping, when the type of dopant and
the conductivity of the semiconductor are the same [5-7].

In this context, the case where the optimization of electrokinetic properties is carried out
by introducing Nb atoms (4d*5s") into the structure of the half-Heusler phase of n-ZrNiSn by
substituting Zr atoms (4d?5s%) in the 4a position, which generates structural defects of a donor
nature (Nb has more d-electrons than Zr). Such doping of n-ZrNiSn the Fermi level er (Fig. 1 a)
closer to the level of the conduction band &c of n-Zri«NbxNiSn, which corresponds to the
condition for achieving maximum values of Z [5—7]. Considering that the atomic radius of Nb
(rno=0.1468 nm) has an intermediate value between the corresponding values for Zr
(rz:=0.1246 nm) and Ni (rz:= 0.1246 nm) atoms, more complex transformations than linear
substitution of Zr atoms by Nb are possible in the crystal structure of n-Zr1xNbxNiSn. Thus,
studies of similar semiconductors n-Tii«NbxNiSn [8] and n-Hfi+NbxNiSn [9] obtained by
doping n-TiNiSn and n-HfNiSn with Nb atoms showed that Nb atoms can simultaneously
occupy different crystallographic positions, generating structural defects of donor and acceptor
nature. Therefore, one of the tasks of our study is to conduct a detailed analysis of structural
transformations in n-Zr1«NbxNiSn.

Previous studies of the ZrNiSn half-Heusler phase have established several features of its
crystal structure. It was shown that the structure of the ZrNiSn compound is disordered due to
partial, up to ~ 1 %, occupation by Ni atoms (3d4s?) of the 4a position of Zr atoms (4d5s?),
which generates structural defects of a donor nature (Ni has more d-electrons than Zr). At the
same time, corresponding donor states are generated in the band gap &, which fix the Fermi
level er (Fig. 1 @) and determine the electronic type of conductivity of n-ZrNiSn (“a priori
doping” by donors [10]).
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Fig. 1. Distribution of the density of electronic states DOS (a) and model
of the crystal structure (b) of the ZrNiSn compound [1]
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Another feature of the ZrNiSn structure is the tetrahedral coordination of Ni atoms around
Sn. The absence of a center of symmetry in the ZrNiSn compound is due to the presence of
strong tetrahedral covalent bonds between atoms, which, on the one hand, is a guarantee of its
semiconductor properties, and on the other hand, forms a volume in the unit cell that is ~ 24 %
of the total, unoccupied by atoms (tetrahedral void). Tetrahedral voids can act as “traps” or
vacancies (Vac) (Fig. 1 b) for both impurity atoms and compound atoms, generating structural
defects of donor nature and corresponding energy states in the band gap &g [1].

Understanding the features of the crystal structure of the ZrNiSn half-Heusler phase is
crucial to the successful analysis of structural studies of solid solutions based on it. On the other
hand, knowledge of the features of the dynamics of the crystal structure of n-Zr1xNbxNiSn will
allow appropriate doping to generate energy states to obtain the maximum thermoelectric figure
of merit Z. To determine the conditions for the synthesis of n-Zri.-NbxNiSn with the maximum
efficiency of converting thermal energy into electrical energy, it is necessary to establish the
nature of the energy states and mechanisms of electrical conductivity, which is the subject of
the study presented below.

Research methods

Experimental studies of the structural, kinetic, energy, and magnetic properties of the n-
Zr1«NbsNiSn, x = 0-0.07, obtained by replacing Zr atoms in n-ZrNiSn with Nb atoms in
position 4a, were carried out. Zr1xNbxNiSn samples were obtained by electric arc-melting of
the charge of the starting components in a purified argon atmosphere. To achieve an equilibrium
state for the alloys, homogenizing annealing was performed at 7= 1073 K for 700 h, followed
by quenching in cold water without breaking the ampoules. X-ray phase analysis of the
synthesized samples was performed by X-ray diffraction (PROTO AXRD Benchtop
diffractometer (Cu Kq radiation). The elemental and chemical composition of the samples was
controlled by energy-dispersive X-ray spectroscopy (Tescan Vega 3 LMU electron
microscope). The structural parameters of the samples were calculated using the WinCSD
program package [11]. For n-Zri«Nb:NiSn samples, the temperature and concentration
dependences of the electrical resistivity p(7, x) and the thermopower coefficient a(7, x) were
measured in the range 7=80—400 K and the specific magnetic susceptibility x(x) at 7= 300 K.
The thermopower coefficient a7, x) was measured by the potentiometric method relative to
copper. The voltage drop across the samples was measured accurately for different current
directions to eliminate the influence of a potential p-n junction at the contact points.

Study of the features of the crystal structure of n-Zr1.x\NbxNiSn

Microprobe analysis of the chemical and phase compositions of the surface of the
n-Zr1«NbxNiSn samples, x =0-0.07, established that it is the same and corresponds to the
composition of the charge of the initial components. Fig. 2, as an example, shows a photograph of
the surface along with the integral and elemental distribution of the components in the
Z10.97Nbo.03N1Sn sample.

ISSN 1607-8829 Journal of Thermoelectricity Nel, 2026 7



V.A. Romaka, Yu.V. Stadnyk, L.P. Romaka, A.M. Horyn, A.V. Zelinskiy, V.Z. Pashkevych
Research on a New Semiconductor Thermoelectric Material n-Zr;.«Nb.NiSn. 1. Experimental Results

Zr L series Nb L series

EDS Layered Image 1

Ni K series Sn L series

S0um

a b

50um

Fig. 2. Surface photograph and integral (a) and elemental (b) distribution
of the components in the Zrp.o7Nbo.93NiSn sample

In turn, X-ray structural studies have shown that the powder diffraction patterns of all
n-Zr1xNbxNiSn samples, x = 0-0.05, are indexed in the structure type MgAgAs (space group
F43m) and there are no traces of other phases on them (Fig. 3a). In this case, Zr(Nb) atoms
occupy the crystallographic position 4a (0, 0, 0), Ni—4d (%, Y4, ¥4) and Sn — 4c (%4, 72, ¥2). Our
previous studies of the semiconductor solid solution Zri1xNbxNiSn established the existence of
solubility of Nb atoms up to a concentration of x = 0.30 inclusive [12]. However, the methods
of X-ray analysis used at that time did not allow for identifying insignificant concentrations of
foreign phases. The application of modern X-ray diffractometry and scanning electron
microscopy has enabled the detection of negligible inclusions of the binary compound NbeSns
in samples with concentrations x ranging from 0.07 to 0.15.

Based on experimental diffraction data, crystallographic parameters were calculated, in
particular, inteatomic distances and the unit cell parameter a(x) (Fig. 3b). Since the atomic
radius of Nb (rnv=0.1468 nm) is smaller than that of Zr (rz=0.1602 nm), a linear decrease in
the unit cell parameter a(x) was predicted, which should be adequate to the linear increase in
the concentration of Nb atoms in the n-Zri1.+NbxNiSn solid solution samples. However, as shown
in Fig. 3b, the decrease in the unit cell parameter a(x) exhibits dependence close to linear only
for the range 0 <x<0.02. It indicates the formation of a substitutional solid solution
Zr1xNbxNiSn, where Nb atoms replace Zr atoms in position 4a. In this case, in n-Zri-xNbxNiSn,
only structural defects of a donor nature are generated, and impurity donor states appear in the
band gap &g, which determine electrical conductivity.
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Fig. 3. X-ray powder diffraction patterns (1 —x = 0.01; 2—x =0.02; 3 —x = 0.03; 4 —x = 0.05;
5—x=0.07) (a) and change in the unit cell parameter a(x) (b) of Zr;xNb:NiSn samples. Inset:
change in the unit cell parameter a(x) of Ti;«Nb:NiSn [8]

At higher concentrations of Nb atoms, 0.02 <x < 0.05, the rate of change of the unit cell
parameter a(x) of n-Zr1«NbxNiSn decreases significantly. Moreover, at concentrations of Nb
atoms, x > 0.05, the unit cell parameter a(x) unexpectedly increases (Fig. 3 b). This behavior
of the dependence a(x) for x > 0.05 does not correspond to the condition of the formation of a
substitutional solid solution, when smaller Nb atoms replace larger Zr atoms. Considering that
the change in the unit cell parameter of the solid solution is sensitive to the slightest alterations
in the spatial arrangement of atoms, the behavior of a(x) indicates more complex structural
transformations in n-Zr1+«NbxNiSn than the substitution of Zr atoms for Nb atoms.

On the other hand, if the concentration of Nb atoms at x = 0.05 were the limit of the
existence of a substitutional solid solution (the limit of solubility of Nb atoms in the
semiconductor matrix), then the unit cell parameter a(x) of n-Zri1+NbxNiSn would not undergo
significant changes. At the same time, the increase in the period a(x) atx > 0.05 clearly indicates
the existence of a semiconductor solid solution n-Zri-xNbxNiSn. Still, now the Nb atoms also
simultaneously occupy other crystallographic positions.

Considering the peculiarities of the crystal structure of the half-Heusler phase ZrNiSn,
the obtained experimental results of structural transformations in Zri«NbsNiSn, where
x =0-0.07 can be explained consistently using the two models of the ZrNiSn compound
described above. Thus, if in Zri«NbxNiSn in the crystallographic position 4 a, Zr atoms
(rzr=0.1602 nm) are replaced by Nb atoms (7~b = 0.1468 nm), then the decrease in the unit cell
parameter a(x) within the concentrations 0 <x <0.02 according to a linear law is logical. In
turn, the reduction in the rate of change of the unit cell parameter a(x) of Zri«NbxNiSn at
concentrations 0.02 <x < 0.05 can be associated with the simultaneous partial substitution of
Zr atoms by Nb atoms and the occupation of tetrahedral voids of the structure by Nb atoms.
Thus, if the substitution of Zr atoms by Nb atoms leads to a decrease in the unit cell parameter
a(x) of ZrixNbxNiSn, then the occupation of tetrahedral voids of the structure (“traps” or
vacancies (Vac) [1]) by Nb atoms leads to an increase in the unit cell parameter a(x). It is what
“slows down” the integral decrease in the unit cell parameter a(x) of Zri1-xNbxNiSn. In this case,
in Zr1xNbxNiSn, two types of structural defects of donor nature and the corresponding energy
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states in the band gap &g are simultaneously generated in different ratios. At the same time, the
increase in the unit cell parameter a(x) of Zri«NbsNiSn for x > 0.05 clearly indicates the
preferential occupation of tetrahedral voids of the structure by Nb atoms and the generation of
donors.

On the other hand, if we take as a basis the disordered model of the crystal structure of
the half-Heusler phase ZrNiSn, in which Ni atoms are existent at position 4a [10], then we can
assume that the decrease in the rate of change of the unit cell parameter a(x) at x = 0.03-0.05 is
the result of the preferential substitution of Zr atoms by Nb atoms at position 4a and the
simultaneous partial substitution of Ni atoms present there (»ni= 0.125nm). At the same time,
the increase in the unit cell parameter a(x) of Zr1«NbxNiSn at x > 0.05 is possible only with the
preferential displacement of Ni atoms (4d*5s") availeble at position 4a by Nb atoms (4d*5s").
In this case, structural defects of an acceptor nature and the corresponding acceptor states are
generated in n-Zr1«NbxNiSn (Nb has fewer d-electrons than Ni). It should lead to an increase
in the compensation degree of n-Zr1«NbxNiSn, which indicates the ratio of ionized donor and
acceptor states [13]. The results of the electrokinetic, energetic, and magnetic properties of
Zr1xNbxNiSn presented below will clarify the previous conclusions of the structural studies.

Electrokinetic, energetic and magnetic properties of n-Zr1.xNbxNiSn

Fig. 4 shows the temperature dependences of the electrical resistivity p(7, x) and the
thermopower coefficient a7, x) of n-Zri1xNbxNiSn, x = 0.01-0.07. As seen that even at the lowest
concentration of Nb atoms, x = 0.01, the resistivity p(7, x) of n-Zr1.-NbxNiSn, which in n-ZrNiSn
decreased exponentially [10], monotonically increases with temperature (Fig. 4a). Metallization
of electrical conductivity occurred when the Fermi level €r, which in n-ZrNiSn was in the band
gap &g near the conduction band ec (Fig. 1a), was now located in the band of continuous energies:
a dielectric-metal conduction transition occurred [13, 14]. The location of the Fermi level e
precisely in the conduction band is indicated by the negative values of the thermopower
coefficient a(7, x) at all temperatures (Fig. 4b), and the action of the current carrier scattering
mechanisms is the cause of the increase in the resistivity p(7, x) with temperature.
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Fig. 4. Temperature dependences of the resistivity p(T, x) (a) and the thermopower coefficient
(T, x) (b) of n-Zri Nb:NiSn: 1 —x =0.01; 2—x=0.02; 3—x=0.03; 4—x=0.05, 5—x=0.07
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A priori, we sought to obtain a series of n-Zri«NbxNiSn samples with concentrations at
which the Fermi level €r consistently approaches the conduction band ec, facilitating the
thermal injection of electrons from donor states into the conduction band ec. Such dynamics of
the Fermi level er corresponded to the condition for achieving maximum efficiency of thermal
energy conversion into electrical energy [5—7]. However, already at the Nb concentration of
x=0.01, a sufficient number of donor states was generated for the Fermi level &r in
n-Zro99Nbo.o1NiSn to enter the conduction band ec. It is clear that at all subsequent
concentrations of n-Zri+NbxNiSn, 0.01 < x <0.07, the behavior of the temperature dependences
p(T, x) and o(7, x) is similar (Fig. 4).

The behavior of the resistivity p(x, 7) and the thermopower coefficient a(x, 7) of
n-Zr1«NbsNiSn when the concentration of Nb atoms changes at different temperatures is
interesting and informative (Fig. 5). As seen from Fig. 5a, the resistivity p(x, 7) of
n-Zr1xNbxNiSn decreases at all studied temperatures with an increase in the concentration of
Nb atoms. This behavior of p(x, 7) is due to the rise in the concentration of donors and free
electrons in n-Zr1xNbxNiSn during their ionization.

We draw attention to the different order of the dependences p(x, 7) at concentrations
0<x<0.01 and 0.01 <x<0.07. Thus, at concentrations 0<x<0.01, the higher the
temperature, the lower the electrical resistivity and the dependence p(x, 7) at the highest
temperature 7 =380 K is located lowest in Fig. Sa. This behavior of the electrical resistivity
p(x, T) n-Zr1xNbxNiSn is due to the increase in the concentration of free electrons during their
thermal activation from the Fermi level €r, fixed by donor states in the band gap &g, to the
conduction band gc. At the same time, the higher the temperature, the greater the number of
electrons will pass into the conduction band. At the same time, at concentrations
0.01 <x<0.07, when the Fermi level ¢r is already in the band of continuous energies, an
increase in temperature leads to an increase in the probability of electron scattering. The higher
the temperature, the greater the electrical resistivity, and the dependence p(x, 7) for 7= 380 K
is located highest in Fig. 5a.
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Fig. 5. Change in resistivity p(x, T) (a) and thermopower coefficient a(x, T) (b)
of Zr1xNb:NiSn at different temperatures: 1 — T=80 K,; 2 - T=250K; 3 — T=380 K

Analysis of the temperature (Fig. 4) and concentration (Fig. 5) dependences of the
resistivity p and the thermopower coefficient a of n-Zr1xNbxNiSn, x = 0.01-0.07, did not reveal
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the effects of acceptor states that could be generated in the case of partial substitution of Ni
atoms by Nb atoms. This experimental result confirms the structural model, which assumes
simultaneous partial substitution of Zr atoms by Nb atoms and occupation of the tetrahedral
voids of the structure by Nb atoms. Such transformations in the n-Zr1.xNb:NiSn structure are
accompanied by the generation of only donors and the corresponding energy states.

Another proof that n-Zr1NbxNiSn does not generate acceptor states is the behavior of the
activation energy €1’ determined from the high-temperature parts of the thermopower
coefficient a(1/7). The fact is that n-Zri1+NbxNiSn a priori contains a large number of structural
defects and is a heavily doped and compensated semiconductor (HDCS) [13]. The presence in
a semiconductor of a significant number of different charged defects, the location of which is
of a fluctuating nature, radically changes its electronic structure and leads to fluctuations in the
potential relief and modulation of continuous energy bands [13].

The authors [1] showed that the numerical values of the activation energy €1%(x), derived
from the activation parts of the temperature dependences of the thermopower coefficient a(1/T),
are proportional to the amplitude of the modulation of the continuous energy bands of the
HDCS. In turn, the amplitude of the large-scale fluctuation of the continuous energy bands is
proportional to the compensation degree of the semiconductor: a higher compensation degree
results in a greater amplitude of band modulation. Fig. 6a shows the temperature dependences
of the thermopower coefficient a(1/7, x) for n-Zri1xNbxNiSn, which can be described using the
well-known formula [14]:

kg ( &
*= ?(kBT A 1)'
where v is a parameter that depends on the nature of the scattering mechanisms. From the high-
temperature activation parts of the a(1/7, x) dependences of n-ZrixNb:NiSn (Fig. 6a), the
activation energies €1%(x) (Fig. 6b) were calculated, which are proportional to the amplitude of
the large-scale fluctuation of the continuous energy bands of the HDCS [1, 13].
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Fig. 6. Temperature dependences of the thermopower coefficient a(1/T) (a)
and the change in activation energy €;(x) (b) of Zri«Nb:NiSn. a: 1 —x = 0.07;
2-x=0.053-x=0.03;4-x=0.02; 5—-x=0.01
From the results shown in Fig. 6b, it follows that with increasing concentration of Nb
atoms, the activation energy €1%(x) decreases. Thus, if in n-ZrNiSn the activation energy was
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€1%=0=44.6 meV, then in the semiconductor n-Zro99NbooiNiSn it decreased to
€1%=0.01) = 38.1 meV and to €1%=0.07) = 31.2 meV in n-Zro.93Nbo.o7NiSn. The decrease in the
activation energy &1%(x) indicates a decrease in the amplitude of modulation of continuous
energy bands, which in the semiconductor of the electronic conduction type n-Zri«NbxNiSn is
possible only if it is doped with donors [13]. Another experimental confirmation was obtained
that only defects of donor nature and corresponding energy states are generated in
n-Zr1xNbxNiSn. It is realized in the case of simultaneous partial substitution of Zr atoms by Nb
atoms, along with occupation of tetrahedral voids by Nb atoms.

Experimental measurements of the specific magnetic susceptibility y(x) of n-Zri«NbxNiSn
samples at room temperature showed that the based semiconductor compound n-ZrNiSn is a weak
diamagnet, which is reflected by the negative values of the magnetic susceptibility
(x=-0.07-10"° emu/g) (Fig. 7a). However, even at a low concentration of Nb atoms, the
n-Zr1-NbxNiSn semiconductor becomes a Pauli paramagnet with its inherent small values of the
specific magnetic susceptibility (y~ 10° emu/g). It is known that in Pauli paramagnets the
magnetic susceptibility is determined by free electrons and is proportional to the density of
electronic states at the Fermi level g(er). As seen from Fig. 7a, in the paramagnetic region, an
increase in the concentration of Nb atoms leads to an increase in the specific magnetic
susceptibility y(x) for n-Zri«NbsNiSn. It means that the concentration of free electrons increases
in the semiconductor during the ionization of donor states, which is possible only with an increase
in their concentration. Thus, an increase in the concentration of donor states has been established
experimentally, which may be the result of the simultaneous partial substitution of Zr atoms by
Nb atoms and the occupation of the tetrahedral voids of the structure by Nb atoms.

The results of electrokinetic studies allowed us to obtain a change in the thermoelectric
power factor Z*(x) of n-Zr1.xNbxNiSn with concentration at 7= 300 K (Fig. 7b). It is evident
from Fig. 7b that at the concentration of Nb atoms, x ~ 0.04, the dependence Z*(x) reaches a
maximum, which indicates the highest efficiency of converting thermal energy into electrical
energy. The obtained results of experimental studies show that the n-ZrixNbiNiSn
semiconductor substitutional solid solution is a promising thermoelectric material.
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Fig. 7. Change in specific magnetic susceptibility y(x) (a)
and thermoelectric power factor Z*(x) (b) of Zri..Nb:NiSn
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Thus, experimental measurements of the properties of the semiconductor solid solution
n-Zr1xNbxNiSn, x = 0—0.07, have established that at all Nb concentrations in the semiconductor,
only defects of donor nature and the corresponding energy states are generated. It corresponds
to the condition for obtaining maximum values of the thermoelectric figure of merit [5-7].
Modeling the properties of n-ZrixNbxNiSn will be the next stage of the study, which will be
used to determine the optimal conditions for synthesizing a thermoelectric material with
maximum efficiency of converting thermal energy into electrical energy.

Conclusions

The structural, electrokinetic, energetic, and magnetic properties of the new
semiconductor thermoelectric material n-Zri«NbxNiSn, x =0-0.07, obtained by doping
n-ZrNiSn with Nb atoms (4d*5s') by replacing Zr atoms (4d°5s°) have been investigated. The
nature of the generated energy states and mechanisms of electrical conductivity have been
established. It has been shown that in the n-ZrixNbxNiSn structure, there is a simultaneous
substitution of Zr atoms by Nb atoms in different ratios, as well as the occupation of tetrahedral
voids of the structure by Nb atoms. The decrease in the unit cell parameter a(x) of
n-Zri-NbxNiSn samples at concentrations 0 <x < 0.05 is caused by the preferential partial
substitution of Zr atoms (rz = 0.1602 nm) by Nb atoms (rnb = 0.1468 nm) and the increase in
the unit cell parameter a(x) at 0.05 <x is caused by the preferential occupation of tetrahedral
voids by Nb atoms. Structural transformations of n-Zri1-xNbxNiSn generate two types of defects
of donor nature and the corresponding energy states of the band gap &, which meet the
condition for obtaining the maximum efficiency of converting thermal energy into electrical
energy. It is shown that the n-Zri.NbxNiSn semiconductor substitutional solid solution is a
promising thermoelectric material.
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"Hauionansuuii yaisepcuter “JIbBiBCbKa MONiTEXHiKA”,
Byn. C. bannepwu, 12, JIeiB, 79013, Ykpaina;
?JIpBiBCHKHIT HALliOHANBHMIT yHiBepcHTeT im. 1. dpanka,
Bys. Kupuna i Medounuis, 6, JIeis, 79005, Ykpaina

JocaixkeHHsI HOBOI'0 HANIBIPOBITHUKOBOI0 TEPMOEJIEKTPHUYHOIO
marepiany n-Zr1xNb,NiSn. 1. PesyibTaTn ekcnepumeHTy

Jlocniosiceno cmpyKmypHi, enekmpoKiHemuyti, eHepeemuyni ma MAcHimHui 81acmueocmi
HOB8020 HANIBNPOBIOHUKOBO20 MepMOoeneKmpuuno2o mamepiany n-Zr-Nb.NiSn, x = 0-0.07,
ompumarozo nezysanuam n-ZrNiSn amomamu Nb (4d*5s') wnsxom 3amiwenns amomie Zr
(4d’5s%). Bcmanosneno npupody 2emepoSaHUX eHepeemuuHux CMAnié ma Mexawizmie
enekmponpogionocmi. Iloxazano, wo 6 cmpykmypi n-Zri.Nb:NiSn 6i0bysacmovcs
00HOYACHEe 3aMilenHsl Y PIZHUX CRIBBIOHOWEHHAX amomie Zr na amomu Nb, a maxooic
3atinammsa amomamu Nb mempaeOpuunux nycmom cmpykmypu. 3MmeHuieHHs nepiody
xomiprku a(x) n-ZriNb.NiSn 3a xonyemmpayii 0 <x <0.05 suxiuxane nepeeaxscHum
yacmrkosum 3amiwgeruss amomie Zr (rz= 0.1602 nm) na amomu Nb (ryy = 0.1468 nm), a
30inbwenns nepiody a(x) 3za 0.05 <x — nepesadxcuum 3sauuammsam amomamu Nb
mempaedpuynux nycmom cmpykmypu. Cmpykmypui nepemeopenusi n-Zri..Nb.NiSn
2eHepyroms 08a copmu depexmie OOHOPHOT NPUPOOU Ma 6iIONOGIOHI eHEPLeMUYHI CIMAHU
3a00POHEHOT 30HU &g, WO BIONOBIOAE YMOGI OMPUMAHHA MAKCUMATLHOT epeKmuerHocmi
nepemeopenHs meniogoi emepeii 6 enekmpuuny. Iloxazano, wo HanienpoBiOHUK

n-Zr1.«Nb:NiSn € nepcnexmusnum mepmoeieKmpuiHum Mamepiaiom.

Kuro4oBi ciioBa: TepMOETIEKTPUIHIN MaTepiall, HAIMBIIPOBIIHUK, EIICKTPOHHA CTPYKTYpa,
€JIIEKTPOOIIip, KoeiIieHT TepMo-epc, TePMOCIICKTpUIHA TOOPOTHICTS.
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