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The ionic transport and mechanical properties of Agr..(GeixPx)Ssl superionic ceramics and
Ag|lAgrx(GeixPx)Ss1|Se heterostructures were investigated. Charge—discharge processes were studied
using cyclic potentiostatic chronoamperometry, while current—voltage characteristics were measured by
cyclic voltammetry. The obtained I(t) dependences exhibit a pronounced relaxation behavior and are
well described by a two-exponential model, indicating the coexistence of fast interfacial and slow
diffusion-controlled processes. The current—voltage characteristics demonstrate nonlinearity, hysteresis,
and current maxima associated with interfacial polarization, space-charge formation, and Ag.Se layer
formation at the SE|Se interface. It was established that repeated cycling leads to stabilization of the
interfacial region and a decrease in nonequilibrium processes. Mechanical properties were studied by
micro- and nanoindentation methods. The results revealed a correlation between hardness, elastic
modulus, structural disorder, and Ag" ionic mobility. A decrease in mechanical rigidity was
accompanied by enhanced ionic transport, indicating the important role of structural “softness” in
superionic conductivity.
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Introduction effective approaches for controlling transport
properties is heterovalent substitution Ge*"«<>P**,

Lithium-free superionic materials based on which leads to changes in vacancy concentration,

argyrodite compounds Agrx(Gei«Px)Ssl attract
considerable interest for modern solid-state
energy applications due to their high ionic
conductivity, chemical stability, and potential use
in safe next-generation electrochemical devices
[1-4]. In the context of the rapid development of
solid-state batteries, memristive structures, and
electrochemical sensors, particular attention is
focused on materials capable of providing
efficient ion transport in the solid phase while
maintaining sufficient mechanical stability [5-7].

The high ionic conductivity of argyrodite
superionic materials is determined by the
ocobenHoctsamu their crystal structure, which is
characterized by a partially disordered silver
sublattice and the presence of a system of
energetically close positions for Ag* ion hopping
[2, 3, 8]. In such compounds, a three-dimensional
network of diffusion channels is formed, ensuring
high mobility of silver ions and low activation
energies for ion migration [3,9]. One of the most
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the degree of structural disorder, and the topology
of Ag" migration pathways [8-11]. As a result, not
only the electrical parameters but also the
mechanical properties of the material are
modified.

Despite significant progress in the study of
ionic transport in superionic materials, the
relationship between transport and mechanical
characteristics remains insufficiently investigated

[6,10,12]. For solid-state electrochemical
systems, mechanical stability plays a
fundamentally important role because ion
migration, space-charge accumulation, and

interfacial interaction processes are accompanied
by local deformations, variations in internal
stresses, and structural rearrangement of the
material [5,13]. Of particular importance is the
investigation of the correlation between
nanomechanical parameters — hardness, elastic
modulus, and local deformability — and the
kinetics of charge—discharge processes.
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In heterostructures of the Ag|Agr«(Gei-
Px)SsI|Se type, charge transport processes are
determined not only by bulk diffusion of Ag* ions
in the superionic electrolyte but also by interfacial
reactions at the solid electrolyte/selenium cathode
interface [13-15]. During charging, Ag® ions
migrate toward the SE|Se interface, followed by
the formation of an Ag.Se phase possessing
mixed ionic-electronic conductivity [14, 15]. The
charge and discharge processes are accompanied
by space-charge accumulation, interfacial
polarization, and relaxation phenomena, which
strongly depend on the structure and mechanical
state of the material [13, 16].

The mechanical properties of the material
become one of the factors affecting the efficiency
and stability of electrochemical processes.
Investigation of the correlation between
mechanical properties and charge—discharge
processes in  Agr(Gei.«Px)SsI  superionic
ceramics is an important task from both
fundamental and  applied  perspectives.
Establishing the relationship between structural
disorder, mechanical “softness” of the material,
and the kinetics of Ag" transport makes it possible
to gain a deeper understanding of the physical
mechanisms governing the operation of solid-
state electrochemical systems and to determine
approaches for optimizing materials for solid-
state energy devices.

The aim of this work is to investigate the
ionic transport properties of Ag|Agr«(Gei-
«Px)Ssl|Se heterostructures based on the analysis
of charge—discharge processes, relaxation
characteristics, and the mechanical properties of
Ag7.x(Ge1.<Px)SsI superionic ceramics.

Materials and Methods

Lithium-free superionic ceramic materials
of the Agr«(Gei«Px)SsI system with different
Ge/P ratios were investigated. Based on these
materials, solid-state heterostructures of the
Ag|lAgrx(GeixPx)SsI|Se type were fabricated
[17]. Ceramic disks with a diameter of about 10
mm and a thickness of ~1 mm were used as solid
electrolytes. A selenium film with a thickness of
~8 um was deposited on one side of the sample
by thermal evaporation in vacuum, followed by
the formation of a thin gold current-collecting
contact on top of the selenium layer (Fig. 1a).
Silver electrodes were then applied to both sides
of the disks. As a result, an electrochemical cell
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Ag|SE|Se was formed, where SE denotes the Agy.
«(Ge1«Px)SsI superionic electrolyte (Fig. 1b). The
silver electrode at the Ag|SE interface served as a
source ofA+ ions [17, 18].

Se film
—_5

Ag|Ag;.(Ge,..Py)Ssl|Se 2
| 1 mm >
b)

Fig. 1. Structure of the Ag|SE|Se electrochemical
cell based on Agy.x(Gei-«Px)SsI superionic
ceramics: (a) SEM image of a “fresh” fracture of
the SE|Se heterostructure; (b) design of the
electrochemical cell and the physical mechanism
of charge—discharge processes. 1 — silver electrode,
2 — SE, 3 — interfacial region, 4 — selenium

cathode, 5 — gold film.

The ionic transport processes were studied
using cyclic potentiostatic chronoamperometry
and cyclic voltammetry methods [18,19].
Measurements were performed using an Autolab
PGSTAT302F  potentiostat/galvanostat.  To
investigate the current—time dependences I(t), a
voltage of U = 0.4 V was applied to the
electrochemical cell for 600 s (charging mode),
after which the voltage was reduced to U =0V
for 600 s (discharging mode). The measurements
were carried out in a cyclic regime (5 consecutive
cycles) at a temperature of 20 °C. The current—
voltage characteristics (CVCs) were measured by
cyclic voltammetry under linear voltage sweep
conditions [20].

Nanomechanical properties were
investigated by instrumental micro- and
nanoindentation methods. Mechanical

characteristics were determined and analyzed
from load—displacement curves (“P—h” diagrams,
where P is the indenter load and h is the
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indentation depth) using the Oliver—Pharr method
[21]. Hardness H was determined from the
indentation depth, while the Young’s modulus E
was calculated from the initial linear part of the
unloading branch of the P-h diagram.

Operating Principle of the
Ag|Agr(Gei1<Py)SsI|Se Electrochemical Cell

In these electrochemical cells, processes of
ionic conduction and reversible electrochemical
reactions occur at the interfaces. The silver
electrode (Ag) serves as a source of the ion-
mobile Ag" component. The Ag7«(Gei«Px)Ssl
solid electrolyte exhibits superionic conductivity
due to the high mobility of silver ions within the
crystal lattice. Its function in the cell is to provide
Ag" transport from the silver electrode to the
opposite electrode. The selenium electrode (Se)
acts as a cathode material in which silver ion
intercalation processes can occur with the
formation of Ag>Se-type compounds.

During charging of the electrochemical
cell, a positive external potential is applied to the
silver electrode. Under its action, silver atoms are
oxidized according to the reaction:

Ag—Ag +e

Ag' ions migrate through the Agr..(Ge:.
«Px)Ssl superionic electrolyte toward the Se
cathode. At the SE|Se interface, the reduction
reaction occurs:

2Ag" +2e + Se—AgSe

As aresult, Ag:Se crystallites are formed at
the SE|Se interface and within the volume of the
selenium film [22]. During discharge, when the
polarity of the external voltage is reversed, the
reverse reaction becomes thermodynamically
favorable. The Ag.Se compound decomposes:

Ag,Se—2Ag" +2e + Se

Ag" ions return to the solid electrolyte and
diffuse toward the silver electrode, where they are
reduced:

Ag'+e —Ag

Silver is deposited again on the anode,
while the selenium-based electrode is released
from the inserted ions. Thus, a fully solid-state
mechanism is realized in the cell, in which Ag*
ions migrate through the solid electrolyte,
whereas electrons are transported through the
external circuit. The key reversible process
determining the charge—discharge characteristics
is the formation and decomposition of Ag,Se at
the SE|Se interface.
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Charge-Discharge Processes in Ag|Ag7.«(Ge:.
Px)SsI|Se Heterostructures

Charge accumulation and relaxation
processes in solid-state electrochemical cells
AglAgr«(Gei«Px)SsI|Se were investigated by
cyclic potentiostatic chronoamperometry. A
voltage of U=0.4 V was applied to the cell for 600
s (charging mode), after which the voltage was
reduced to U=0 V for 600 s (discharging mode).
The measurements were performed in a cyclic
regime over 5 cycles at a temperature of 20 °C.
The current-time dependences I(t), reflecting the
kinetics of Ag" ion transport, space-charge
accumulation, and interfacial polarization
processes, were recorded. Figure 2 shows the
charge—discharge current-time dependences for
five cycles of the Ag|AgesPosGeosSsI|Se cell. The
I(t) dependences for cells with other compositions
exhibit qualitatively similar behavior. The
obtained I(t) dependences demonstrate a
pronounced relaxation character. At the moment
when the voltage is applied, a sharp current jump
is observed due to the rapid transport of Ag" ions
and charging of the electrical double layer at the
electrodelelectrolyte interfaces. Subsequently, the
current monotonically decreases with time, which
is  associated with system relaxation,
redistribution of silver ions, and polarization
accumulation in the SE|Se interfacial region.
Upon switching to the discharge mode, the
current changes sign and also exhibits a relaxation
decay behavior.

Analysis of the I(t) dependences showed
that they can be adequately described by a two-
exponential function (Fig. 3):

t t
I(t): IO +Ale H‘|‘Aze 6

where [y is the asymptotic current value at t—o0;
A1, Az are the amplitudes of the corresponding
relaxation processes; and 11 and 1, are the
characteristic relaxation times.

The use of a  two-exponential
approximation indicates the presence of at least
two physical mechanisms of charge transport.
The fast component with relaxation time T
corresponds to interfacial processes, including
charging of the electrical double layer, Ag" ion
transport in the near-surface region, and the initial
stages of Ag,Se interfacial layer formation. The
slow component 1, is associated with bulk
diffusion of Ag" ions in the superionic electrolyte,
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relaxation of the space charge, and further

development of the SE|Se interfacial region.
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Fig. 2. Current-time dependences of the charging
currents (upper part) and discharging currents (lower
part) for the AgesPosGeosSsI composition at a
temperature of 20 °C and a charging voltage of
04V.

For the AgssPosGeosSsI composition at a
temperature of 20 °C, the characteristic relaxation
times were 1:=1.4 s and 1,=40.1 s for the charging
process, and 1,=5.6 s and 1,=29.3 s for the

discharging process.
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Fig. 3. Results of the approximation of the I(t)
dependences for the Ag|AgssPosGeosSsI|Se
composition during charging and discharging in the
fifth cycle.
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Fig. 4. Changes in the relaxation times t; and 1, during five charging and discharging cycles of the
Ag|Ages(Geo.sPos)SsI|Se heterostructure at a temperature of 20 °C.

The relaxation times change with
increasing charge—discharge cycle number: from
cycle to cycle, they exhibit a tendency toward
stabilization (Fig. 4). The most significant
changes are observed between the first and
subsequent cycles. The first cycle corresponds to
the stage of heterostructure and SE|Se interfacial
region formation, redistribution of Ag" ions, and
establishment of an efficient electrical contact. In
subsequent cycles, the system reaches a quasi-
stationary  state characterized by more
reproducible I(t) dependences.

The numerical values of 11 and 1, differ
significantly, indicating the presence of fast and
slow relaxation stages. The fast relaxation
dominates at the initial stage of charging and
discharging and is governed by interfacial
processes, whereas the slow component is related
to bulk diffusion and space-charge relaxation.
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With increasing cycle number, the relaxation
times become more stable, and the differences
between neighboring cycles decrease. This
behavior indicates gradual stabilization of the
interfacial region and a reduction in the
contribution of nonstationary processes.,

Current—Voltage Characteristics of Ag|Ag,.
«(Ge1«Px)SsI|Se Heterostructures

The current—voltage characteristics of
Ag|Agr.«(GeixPx)SsI|Se heterostructures exhibit a
pronounced nonlinear behavior and differ
significantly from ohmic conduction. The CVCs
demonstrate closed hysteresis loops, asymmetry
with respect to zero voltage, and current maxima
on both the anodic and cathodic branches (Fig. 5).
These features indicate that the current in the cells
is determined not only by the bulk ionic
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conductivity of the superionic electrolyte but also
by interfacial processes at the SE|Se interface,
space-charge accumulation, and formation of an
Ag»Se-containing region (Fig. 1).

The  Agss(GeosPos)SsI  composition
exhibits the most pronounced nonstationary
current response. This is consistent with the
analysis of the I(t) dependences, where a two-
stage relaxation behavior, the presence of fast and
slow processes, and changes in relaxation
parameters during cycling were observed for this
composition. The relaxation times 1; and 1, differ
significantly, indicating the separation of fast
interfacial and slower diffusion-controlled
processes. With increasing cycle number, the
relaxation times tend to stabilize, reflecting the
gradual “conditioning” of the heterostructure and
the formation of a more stable interfacial state.

0.2
0.0 - Wﬁ—/
0.2 - : k i
5 cycl

2 A1 0 1 2

Agg 5P sGeg S;!
v=0.025 V/s

4 cycle

1 cycle

2 A (] 1 2
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Fig. 5. Current—voltage characteristics of the
Agl|AgesPosGeosSsI|Se cell during five consecutive
cycles.

The asymmetry of the current—voltage
characteristics with respect to zero voltage is
associated with the difference between the
processes occurring under positive and negative
polarization. Under positive bias, Ag" ions
migrate from the silver electrode through the
superionic electrolyte toward the selenium
cathode. At the SE|Se interface, electrochemical
interaction with selenium occurs, resulting in the
formation of the Ag,Se phase. Under reverse
polarization, processes of partial decomposition
or rearrangement of the Ag,Se-containing region
take place, along with reverse redistribution of
Ag" ions. Therefore, the forward and reverse
voltage sweeps do not coincide, which manifests
itself as hysteresis.

The presence of current maxima in the
current—voltage characteristics is one of the key
features of the investigated heterostructures. At
the initial stage, the current increases with
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DOI: 10.24144/2414-0260.2026.1.16-26

increasing voltage due to enhanced Ag' ion
migration and activation of interfacial processes.
After reaching the maximum, a further increase in
voltage no longer leads to a proportional increase
in current. This indicates a transition to a
transport-limited regime in which the current is
governed by  space-charge accumulation,
interface polarization, and the limited rate of the
interfacial reaction at the SE|Se boundary. Similar
features (nonlinearity, asymmetry, hysteresis, and
current maxima) are characteristic of AglAgs.
«(Gei1xPx)SsI|Se  heterostructures and  are
associated with interfacial polarization and Ag.Se
formation.

An informative parameter is the hysteresis
value Al at U = 0. A nonzero Al value indicates
that even after passing through zero voltage, the
system remains polarized. This means that an
internal electric field associated with the
accumulated space charge and the partially
formed interfacial Ag.Se region is preserved
within the heterostructure. The larger the Al
value, the more pronounced the nonequilibrium
processes and the slower the charge relaxation.

With increasing cycle number, the
parameters of the current—voltage characteristics
change. In the initial cycles, more pronounced
current maxima, a larger hysteresis loop area, and
noticeable differences between the forward and
reverse voltage sweeps are usually observed. This
corresponds to the initial nonstationary state of
the cell, during which efficient electrical contact
is established, Ag* ions are redistributed, and the
SE|Se interfacial region is formed. In subsequent
cycles, the shape of the current—voltage
characteristics becomes more reproducible: the
spread of current maxima decreases, the residual
polarization value Al decreases, and the
hysteresis loops become more stable. Such
evolution indicates the transition of the
heterostructure into a quasi-stationary state.

For the AgssPosGeosSsI composition, this
cyclic evolution is of particular importance
because the intermediate Ge/P ratio results in a
complex energy landscape for Ag" ion migration.
On the one hand, structural disorder facilitates
ionic transport; on the other hand, the presence of
diffusion and interfacial limitations leads to
pronounced polarization. Therefore, the current—
voltage characteristics of this heterostructure
reflect the competition between three processes:
the fast ionic response of Ag* ions to the external
electric field, slower bulk diffusion in the
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superionic ceramic, and the interfacial reaction
associated with the formation/rearrangement of
AgSe.

The decrease in the current maximum on
the reverse branch of the -current—voltage
characteristics with increasing cycle number in
Ag|AgesPosGeosSsI|Se  heterostructures  is
associated with gradual stabilization of the SE|Se
interfacial region and a reduction in the
contribution of nonequilibrium processes. In the
initial cycles, the electrochemical system is in a
nonstationary state. During charging, intensive
accumulation of Ag’ ions occurs at the SE|Se
interface together with the formation of an Ag,Se-
containing region. When the voltage sweep
direction is reversed, a significant current
maximum appears on the reverse branch due to
the following processes: redistribution of the
accumulated space charge; reverse migration of
Ag" ions; partial decomposition or rearrangement
of the interfacial Ag,Se region; and strong
interfacial polarization. In the initial cycles, the
interfacial region has not yet been fully formed;
therefore, the processes exhibit a pronounced
nonequilibrium character. This results in large
current maxima and broad hysteresis loops.

During subsequent cycling, the following
processes occur:
1. Formation of a more stable Ag.Se interfacial
region.
The interfacial layer becomes more homogeneous
and partially “adapted” to cyclic Ag® transport.
As aresult, the degree of structural rearrangement
decreases during each subsequent cycle.
2. Reduction of space-charge accumulation.
After several cycles, the distribution of Ag" ions
becomes more equilibrium-like, and the internal
electric fields decrease. Therefore, a smaller
amount of accumulated charge is released during
the reverse voltage sweep.
3. Decrease in interfacial polarization.
As the SE|Se interface becomes stabilized, the
contribution of polarization processes that
generated additional current peaks in the initial
cycles decreases.
4. Transition of the system to a quasi-stationary
regime. The current—voltage characteristics
become more reproducible, while the current
peaks decrease. This corresponds to a reduced
contribution of slow relaxation processes.
5. Partial irreversibility of interfacial processes.
A certain fraction of Ag.Se may remain in the
interfacial region even after discharge. Therefore,
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in subsequent cycles the amplitude of reverse
redistribution processes decreases, which also
leads to a reduction of the current maximum on
the reverse branch.

Physically, this means that the system
gradually evolves from an “interface formation”
regime to a regime of more stable ionic transport
through an already formed interfacial region.
Consequently, the current maximum on the
reverse branch decreases together with the
reduction of nonequilibrium processes and
residual polarization.

Mechanical Properties of Ag7.x(Ge1xPx)Ssl
Superionic Ceramics Based on Nanoindentation
Results.

The mechanical properties of Agr.x(Ge.
«Px)Ssl  superionic ceramic materials were
investigated by micro- and nanoindentation
methods. The mechanical response was analyzed
using load—displacement (P—h) diagrams, which
make it possible to determine hardness and elastic
modulus (Fig. 6). For superionic materials, such
investigations are important because the
mechanical properties are closely related to the
degree of structural disorder and the mobility of
Ag" ions.

Typical P-h curves for Agr«(Gei.«Px)Ssl
ceramics are characterized by a smooth increase
in indentation depth with increasing load, as well
as by pronounced -elastic—plastic deformation
behavior. After unloading, partial recovery of the
indentation depth is observed, indicating a
significant elastic contribution to the overall
deformation of the material. The Oliver—Pharr
method was used to determine the mechanical
parameters, according to which the hardness was
calculated using the following relation [22]:

H: Pmax
A

where Py is the maximum applied load, and A is
the contact area between the indenter and the
sample surface. The effective elastic modulus was
determined from the initial linear part of the
unloading curve [22]:

E /m 8
—_ N L

r 2 VA

where S is the stiffness of the unloadin g branch of

the P-h diagram.
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Applied load (mN)
on the indenter

400 600 800
Penetration depth, nm
Fig. 6. Load—displacement curve for AgessGeo.sPo.sSs1
ceramic at room temperature. Imprints of the Knoop
(1) and Vickers (2) indenters obtained during
hardness measurements by micro- and
nanoindentation.

The mechanical properties depend on the
composition of Agr«(GeixPx)SsI and on the
degree of heterovalent Ge<—P substitution. With
increasing phosphorus content, an increase in
nanohardness and elastic modulus is observed,
from H=1.1 GPa and E=14.3 GPa for Ag;GeSsl
to H=2.1 GPa and E=27.3 GPa for AgsPSsI. Such
changes in the mechanical properties are
associated with modification of the superionic
sublattice structure and variation in the degree of
structural disorder. Substitution of Ge*" by P**
leads to changes in the distribution of Ag" ions,
vacancy concentration, and the local energy
landscape, which simultaneously affects both the
transport and mechanical characteristics of the
material.

Intercrystalline regions formed during
recrystallization and sintering of ceramic
materials play an important role in the formation
of the mechanical properties of Ag7.«(Gei-xPx)Ssl
ceramics. Grain boundaries are structurally
heterogeneous regions with an increased
concentration of defects, local stresses, and
micropores, which significantly affect the plastic
deformation processes during indentation.

Intercrystalline boundaries can hinder
deformation propagation and defect motion,
resulting in an increase in hardness. A decrease in
crystallite size increases the total area of grain
boundaries, thereby enhancing the resistance to
local plastic deformation.

For Agr.«(Gei«Px)Ssl superionic ceramics,
intercrystalline regions simultaneously represent
zones of enhanced structural disorder and locally
reduced packing density. In such regions,
accumulation of micropores and defects formed

© Slyvka A.A., Bilanych V.S.
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during recrystallization is possible, leading to a
decrease in local mechanical rigidity. This effect
is especially pronounced for compositions with
increased Ge content, where an increase in
crystallite size is accompanied by higher porosity
and lower microhardness [23].

An additional factor is that intercrystalline
regions in superionic materials may contain an
increased concentration of mobile Ag* ions and
structural vacancies. This promotes local
relaxation of mechanical stresses under loading
and facilitates plastic deformation of the material
beneath the indenter. As a result, an increase in
the degree of structural disorder in intergranular
regions leads to a decrease in microhardness and
elastic modulus.

Compositions with a higher degree of
structural disorder are characterized by lower
hardness values. This is associated with
weakening of the local structural rigidity due to
the increased dynamic mobility of the silver
sublattice. In such materials, a more ‘“soft”
structure is formed, facilitating Ag" ion migration
through a system of energetically close positions.
Thus, a decrease in mechanical rigidity is
accompanied by a certain increase in ionic
mobility and a reduction in the energy barriers for
ion transport.

For Ags.sGeosPosSsI ceramics,
intermediate values of hardness and Young’s
modulus were observed (H=1.4 GPa, E=18.2
GPa). This composition exhibits the most
pronounced two-stage relaxation behavior,
separation of relaxation times T and 1, and
significant interfacial polarization. This indicates
that, at the intermediate Ge/P ratio, an optimal
balance between structural disorder and
mechanical stability is achieved.

An important feature of nanoindentation in
superionic ceramics is the possibility of observing
local jumps in indentation depth (“pop-in”
effects), which are associated with activation of
local plastic deformation, defect motion, or
structural rearrangement in the near-surface
region. For Agr«(Gei«Px)SsI materials, the
presence of such features may be related to
relaxation of internal stresses in regions with an
increased degree of disorder. The appearance of
“pop-in” effects indicates heterogeneity of the
mechanical response and the complex nature of
deformation processes in superionic
ceramics. Thus, heterovalent Ge«<>P substitution
makes it possible to control both the ionic
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transport and mechanical characteristics of the
material. The obtained results show that optimal
functional properties are achieved through a
balance between high Ag" ion mobility and
sufficient mechanical stability of the ceramics,
which is an important requirement for the
application of such materials in solid-state
electrochemical devices.

Conclusions
The ionic transport and mechanical
properties of  Agr«(Gei«Px)SsI  superionic
ceramics and AglAgr«(Gei«Py)SsI|Se
heterostructures were investigated. It was

established that the charge—discharge processes
exhibit a relaxation character and can be
described by a two-exponential model, indicating
the presence of fast interfacial and slow diffusion-
controlled processes. The current—voltage
characteristics are characterized by nonlinearity,
hysteresis, and current maxima caused by
interfacial polarization and Ag,Se formation at
the SE|Se interface. It was shown that cycling
leads to stabilization of the interfacial region and
a reduction in the nonequilibrium character of
charge transport processes. Nanoindentation
results revealed that the decrease in
microhardness and elastic modulus correlates
with an increase in Ag" ion mobility. The
obtained results indicate the existence of a
relationship between the mechanical “softness” of
the structure, the degree of disorder, and the
efficiency of ionic transport in Agy«(Gei-xPx)Ssl
superionic ceramics.
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IOHHUIT TPAHCIIOPT TA MEXAHIYHI BJJACTUBOCTI
CYNEPIOHHOT KEPAMIKH Ag7.(Gei-+Py)SsI
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METOJIOM IUKJIIYHOI MOTEHIIOCTATUYHOI XPOHOAMIIEPOMETPIi, a BOJIbT-aMIIEPHI XapaKTCPUCTHKH -
METOJOM ITMKJIIYHOI BOJBTaAMIIEpOMeTpii. BcraHoBieHO, mo 3aiekHOCTI I(t) MarTh BHUpaKEeHUH
penakcaniiHuil xapakTep Ta 100pe OMHCYIOTHCS TBOSKCIOHEHIIAIbHOI MOJAEIUTIO, IO CBIMYUTH PO
HasBHICTh MBUAKUX MK(}a3HUX i HOBIIBHUX TUQY3IHHUX TpoueciB. BoiapT-ammnepHi XxapakTepUCTUKI
XapaKTepU3yIOThCA HENiHIWHICTIO, TICTEPE3UCOM 1 MAKCUMyMaMHU CTPYMY, 3yMOBIIEHUMHE MiXK(a3zHOIO
MOJISIPHU3AIIIE€I0, HAKOTTMYEHHSIM TTPOCTOPOBOTO 3apany Ta (hopMmyBaHHIM mapy Ag.Se Ha mexi SE|Se.
[NokazaHo, IO IMKJIyBaHHsS MPUBOIUTH IO CcTaOumizamii Mixga3Hoi 00JacTi Ta 3MEHIICHHS BHECKY
HEPIBHOBAXXHUX MPOIECiB. METO0M HAaHOIHJIECHTYBaHHS BCTAHOBJICHO KOPENSIID MiX TBEPIICTIO,
MOJyJIeM MpPYKHOCTI Ta CTYIEHEM CTPYKTYPHOTO pO3YIOPSAKYBaHHS 1 pyxiauBicTIO Ag -iOHiB.
3MEHIIICHHS MEXaHIYHOI )KOPCTKOCTI KOPEIIOd 3 MiABUICHHAM e()eKTUBHOCTI I0HHOTO TPAHCIIOPTY, IO
CBIAYUTDH NIPO BAXKIIUBY POJIb CTPYKTYPHOI «M’SKOCT1» Y POpMYyBaHHi CynepiOHHOI IPOBiTHOCTI.

KurouoBi ciioBa: cynepionHi kepamiku, ioHHAN TpaHCOPT, Ag7-x(Ge1-xPx)Ssl, 3apsaaHo-po3psiaHi
NpOIeCH, WHUKJIIYHA BOJBTAMIIEPOMETPIs, XPOHOAMIIEPOMETPisi, HAHOIHICHTYBAaHHS, CTPYKTypHE
PO3YIOPSAIKYBaHHS, TBEPIOTUIBHI SJICKTPOIITH.
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