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Abstract—The results of investigating the crystal structure, ionic conductivity, and local structure of the
(ZrO2)1 – x(Gd2O3)x and (ZrO2)1 – x(Y2O3)x (x = 0.04, 0.08, 0.10, 0.12, and 0.14) solid solutions are reported.
The crystals are grown by directional crystallization of the melt in a cold container. The phase composition
of the crystals is investigated by X-ray diffractometry and transmission electron microscopy. The transport
characteristics are studied by impedance spectroscopy in the temperature range of 400 to 900°C. The local
crystal structure is examined by optical spectroscopy. Eu3+ ions were used as a spectroscopic probe. The study
of the local structure of the ZrO2–Y2O3 and ZrO2–Gd2O3 solid solutions revealed the features in the formation of optical centers, which reflect the character of localization of oxygen vacancies in the crystal lattice
depending on the stabilizing oxide concentration. It is established that the local crystal environment of Eu3+
ions in the (ZrO2)1 – x(Y2O3)x and (ZrO2)1 – x(Gd2O3)x solid solutions is determined by the stabilizing oxide
concentration and is practically independent of the stabilizing oxide type (Y2O3 or Gd2O3). The maximum
conductivity at a temperature of 900°C is observed in the crystals with 10 mol % of Gd2O3 and 8 mol % of
Y2O3. These compositions correspond to the t'' phase and are close to the interface between the cubic and
tetragonal phase regions. It is found that in the ZrO2–Y2O3 system the highly symmetric phase is stabilized
at a lower stabilizing oxide concentration than in the ZrO2–Gd2O3 system. The analysis of the data obtained
makes it possible to conclude that, in this composition range, the concentration dependence of the ionic conductivity is mainly affected by the phase composition rather than the character of the localization of oxygen
vacancies in the crystal lattice.
Keywords: zirconia, ZrO2–Y2O3, ZrO2–Gd2O3, crystal growth, ion conductivity, local structure, phase analysis
DOI: 10.1134/S1063739719080043

INTRODUCTION
The zirconium dioxide-based materials have a high
degree of ionic conductivity at high temperatures and
are therefore widely used as solid electrolytes in solid
oxide fuel cells [1–3]. The oxygen-ion conductivity of
the zirconium dioxide-based solid solutions is caused
by oxygen vacancies in their anion sublattice, which
are formed due to the necessity for charge compensation upon heterovalent substitution of stabilizing oxide
cations with valence 3+ or 2+ for Zr4+ ions [4]. The
ionic conductivity of the zirconium dioxide-based
solid solutions depends on the type and concentration
of the stabilizing oxide and is determined by a number
of factors, but primarily by the phase composition and

the concentration and mobility of the oxygen vacancies involved in the charge transport.
The dependence of the conductivity on the type
and concentration of the stabilizing oxide was studied
in detail in [5]. It was shown that an increase in the
ionic radius of the stabilizing cation leads to a decrease
in the maximum ionic conductivity. In this case, the
stabilizing oxide concentration corresponding to the
maximum conductivity decreases with the increasing
ionic radius of the stabilizing cation [6].
The effect of the interaction of oxygen vacancies
with the stabilizing oxide cations on the transport
properties of the oxides with the fluorite structure was
thoroughly investigated in [6]. The presence of different complexes for the zirconium oxide-based materi-
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Table 1. Compositions, designations, and densities of the grown crystals
ZrO2–Y2O3
crystal composition

designation

ZrO2–Gd2O3
density, g/cm3

crystal composition

designation

density, g/cm3

(ZrO2)0.96(Y2O3)0.04

4YSZ

6.020(2)

(ZrO2)0.96(Gd2O3)0.04

4GdSZ

6.251(2)

(ZrO2)0.92(Y2O3)0.08

8YSZ

6.010(2)

(ZrO2)0.92(Gd2O3)0.08

8GdSZ

6.394(2)

(ZrO2)0.90(Y2O3)0.10

10YSZ

5.950(2)

(ZrO2)0.90(Gd2O3)0.10

10GdSZ

6.481(2)

(ZrO2)0.88(Y2O3)0.12

12YSZ

5.928(2)

(ZrO2)0.88(Gd2O3)0.12

12GdSZ

6.533(2)

(ZrO2)0.86(Y2O3)0.14

14YSZ

5.882(2)

(ZrO2)0.86(Gd2O3)0.14

14GdSZ

6.586(2)

als was discussed in [7–13]. The type of forming complexes can be characterized by the position of oxygen
vacancies relative to the zirconium and dopant cations, i.e., the local structure of the crystal lattice.
To date, there have been a large number of works
on the computer modeling of local structural defects
and their interaction in solid oxide electrolytes using
different approaches [10–15]. One of the experimental
methods for studying the local crystal structure is optical spectroscopy. This method with the Eu3+ ion as a
spectroscopic probe is widely used for studying the
local structure of the crystals, including the zirconium
dioxide-based solid solutions [9, 16–18].
The aim of this study was to establish the correlation between the transport characteristics, structure,
and phase composition in the ZrO2–Y2O3 and ZrO2–
Gd2O3 crystals depending on the type and composition of a stabilizing oxide.
EXPERIMENTAL
The (ZrO2)1 – х(Y2O3)х and (ZrO2)1 – х(Gd2O3)х (x =
0.04, 0.08, 0.10, 0.12, and 0.14) solid solution crystals
were grown by directional crystallization from melt in
a cold container 130 mm in diameter at a growth rate
of 10 mm/h [19]. All the solid solutions were additionally doped with 0.1 mol % of Eu2O3. The Eu3+ ions
were used as a spectroscopic probe for studying the
local crystal structure by optical spectroscopy. The
crystals were grown on a Kristall-407 facility at a frequency of 5.28 MHz and an output power of 60 kW.
The load mass was 6 kg. The charge was prepared from
the ZrO2, Y2O3, Gd2O3, and Eu2O3 powders with
purity of at least 99.99%.
The phase composition of the crystals was determined by X-ray diffractometry using a Bruker D8
instrument. The phase analysis was made on the plates
cut from the crystals perpendicular to the 100 direction. The crystal structure was studied by transmission
electron microscopy using a JEM 2100 microscope at
an accelerating voltage of 200 kV. The samples were
thinned by ion etching using a PIPS II apparatus.
The transport characteristics of the crystals were
studied on a Solartron SI 1260 analyzer in the tem-

perature range of 400 to 900°С with a step of 50°C at
frequencies of 1 Hz to 5 MHz. The measurements
were taken on 7 × 7 mm2-crystal plates 0.5 mm thick
with symmetric platinum electrodes. Before the measurements, the plates were coated with the platinum
paste and annealed in air at a temperature of 950°C for
1 h. The amplitude of the ac signal applied to the sample was 24 mV. A detailed analysis of the frequency
spectrum of the impedance was performed using the
ZView program. The resistance of the electrolytes was
calculated from the obtained impedance spectra and,
then, the electrical conductivity of the crystals was calculated.
The luminescence spectra were recorded at temperatures of 300 and 77 K using a Horiba FHR 1000
spectrometer. A Hamamatsu R928 PMT was used as
the radiation detector. The luminescence was excited
to the 5D1 level by the second-harmonic radiation of
YVO4 : Nd lasers with wavelength λexc = 532 nm. The
luminescence was excited to the 5L6 level of Eu3+ ions
using the third harmonic of the LiYF4 : Nd laser with
a wavelength of 351 nm.
RESULTS AND DISCUSSION
The compositions of the grown crystals, the corresponding designations, and the crystal densities are
given in Table 1.
The gadolinium oxide-stabilized crystals did not
fundamentally differ in shape, color, and size from the
yttrium oxide-stabilized crystals. All the crystals had a
columnar shape typical of the growth technique used.
In the investigated composition range, homogeneous
transparent single crystals were obtained at x = 0.08–
0.14 for the (ZrO2)1 – х(Y2O3)х solid solutions and at
x = 0.10–0.14 for the (ZrO2)1 – х(Gd2O3)х solid solutions. In contrast to the homogeneous transparent
8YSZ single crystals, the 8GdSZ crystals were semitransparent, but without visible defects in the bulk of
the ingot. The 4YSZ crystals were white and opaque,
similar to the 4GdSZ crystals.
As the Y2O3 concentration in the ZrO2–Y2O3-based
solid solutions grows, the crystal density decreases, since
the density of Y2O3 (4.850 g/cm3) is lower than the
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Table 2. Phase composition and parameters of the (ZrO2)1 – х(Y2O3)х and (ZrO2)1 – х(Gd2O3)х crystal structure
ZrO2–Y2O3
sample

phase*

ZrO2–Gd2O3

lattice parameters, nm

sample

phase*

lattice parameters, nm

4YSZ

t
t′

a = 0.3606(1), c = 0.5169(1)
a = 0.3626(1), c = 0.5147(2)

4GdSZ

t
t′

a = 0.3609(1), c = 0.5182(1)
a = 0.3636(1), c = 0.5155(2)

8YSZ

с

a = 0.5138(1)

8GdSZ

t′

a = 0.3641(1), c = 0.5155(1)

10YSZ

с

a = 0.5144(1)

10GdSZ

с

a = 0.5159(1)

12YSZ

с

a = 0.5148(1)

12GdSZ

с

a = 0.5167(1)

14YSZ

с

a = 0.5153(1)

14GdSZ

с

a = 0.5175(1)

* t is the tetragonal ZrO2 modification and c is the cubic ZrO2 modification.

density of ZrO2 (5.68 g/cm3). The density of Gd2O3
(7.407 g/cm3) is higher than the density of ZrO2;
therefore, the density of the ZrO2–Gd2O3 crystals
increases with the Gd2O3 concentration.

radius reduces the temperature of the transition from
the high-temperature cubic phase to the low-temperature tetragonal phase [20]. This will lead to the preservation of the high-temperature cubic phase at room
temperature at a lower stabilizing oxide concentration.

Table 2 gives the phase composition and crystal lattice parameters for the Y2O3- and Gd2O3-stabilized
ZrO2 crystals.

The transmission microscopy study of the crystals
showed that the 4YSZ and 4GdSZ crystal structure
consisted of twins (Fig. 1). The twinning plane is the
{110} plane. Coarse twins were observed in the 4GdSZ
crystals (Fig. 1a), which, in turn, consisted of smaller
twins; i.e., each of the twins contained a twin of the next
order. In the 4YSZ crystals, the twin structure was more
uniform and the twins were smaller (Fig. 1b).

The 4YSZ and 4GdSZ crystals contained two
tetragonal zirconium dioxide phases t and t' with different degrees of tetragonality. The presence of these
two phases is caused by the decomposition of the hightemperature cubic solid solution into two metastable
tetragonal phases. At the transition from the singlephase cubic region to the double-phase (с + t) region
of the equilibrium phase diagram of the ZrO2–Y2O3
system, ZrO2–Gd2O3 does not decompose into stable
phases. At some supercooling critical for a given composition, a first-order phase transition occurs, which
is accompanied by the redistribution of the stabilizing
impurity and formation of two metastable tetragonal
phases with the compositions lying inside the doublephase region near the equilibrium boundaries. At the
stabilizing oxide concentration of 8 mol %, the phase
composition of the crystals depended on the stabilizing oxide type; the 8GdSZ crystals had a tetragonal
structure; and the 8YSZ crystals, a cubic structure. At
a concentration above 8 mol % of Y2O3 and 10 mol %
of Gd2O3, the crystals were single-phase with a fluorite structure. In the cubic solid solutions, the crystal
lattice parameter increased almost linearly with the
increasing stabilizing oxide concentration. At the
comparable concentrations, the lattice parameter of
the Y2O3-stabilized cubic crystals was smaller than
that of the Gd2O3-stabilized crystals. It should be
noted that the cubic phase in the crystals co-doped
with Y2O3 stabilizes at a lower Y2O3 concentration in
the solid solution than in the crystals co-doped with
Gd2O3. This can be related to the dependence of the
mechanism of stabilization of the high-temperature
phase on the type of a stabilizing impurity. In the
ZrO2–Y2O3 binary systems, a decrease in the ionic
RUSSIAN MICROELECTRONICS
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The difference in morphology and dispersion of
the twin structure in the 4YSZ and 4GdSZ crystals
may be due to the fact that, according to the ZrO2–
Y2O3 and ZrO2–Gd2O3 phase diagrams, the transition
from the single-phase cubic to the double-phase
region upon cooling the crystals stabilized by 4 mol %
of Y2O3 occurs at lower temperatures than in the crystals stabilized with 4 mol % Gd2O3. The different temperatures of the phase transitions can affect the morphology and twin size. In the 4YSZ crystals, twinning
occurs simultaneously and is localized in small volumes, in contrast to the 4GdSZ samples, where twinning occurs first in coarser domains, which, in turn,
also undergo twinning.
Figure 2 shows the 8GdSZ and 8YSZ crystal structures. In the tetragonal 8GdSZ crystals, a finely dispersed twin structure was observed (Fig. 2a), while in
the 8YSZ crystals there were no twins, which is typical
of single-phase cubic single crystals (Fig. 2b). However, in the diffraction patterns of the 8YSZ crystals,
there were reflections forbidden for the cubic lattice
and allowed for the tetragonal structure. The presence
of 110 and 112 reflections is indicative of the ordered
displacement of oxygen atoms and, consequently, a
violation of the symmetry which is characteristic of the
space group Fm3m. These data show that the 8YSZ
crystals are tetragonal (t'' phase) and not cubic, as follows from the X-ray diffractometry data. The existence of the t'' phase was found in [21]. This phase was
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(b)

0.2 m

0.2 m
Fig. 1. Image of twinning in (a) the 4GdSZ and (b) 4YSZ crystals.

(a)

(b)








 









 








0.2 m
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Fig. 2. Image of (a) the 8GdSZ and (b) 8YSZ crystal structure. Inset: electron diffraction patterns.

described as having a tetragonality degree of с/а = 1,
but with sp. gr. P42/nmc due to the displacement of
oxygen atoms in the anion sublattice.
The analysis of the electron diffraction patterns of
the crystals belonging, according to the XRD data, to
the cubic phase showed that the 8YSZ, 10YSZ,
10GdSZ, and 12GdSZ crystals belong to the t′′ phase. In
the investigated composition range, only the 12YSZ,
14YSZ, and 14GdSZ crystals had a fluorite cubic
structure.
The features of the local structure of the ZrO2–
Y2O3 and ZrO2–Gd2O3 crystals formed with regard to
the oxygen vacancies were studied by optical spectroscopy. Figures 3 and 4 show the luminescence spectra
of the (ZrO2)1 – х(Y2O3)х and (ZrO2)1 – х(Gd2O3)х (x =
0.04, 0.08, 0.10, 0.12, and 0.14) crystals doped with
Eu3+ ions caused by the transitions 5D0 → 7F0, 5D0 → 7F1,

and 5D0 → 7F2 of Eu3+ ions upon excitation to the 5D1
level (λexc = 532 nm) at temperatures of 300 and 77 K.
A comparison of the luminescence spectra of the
ZrO2–Gd2O3 crystals showed that their shape and line
positions are similar to those of the luminescence
spectra of the ZrO2–Y2O3 crystals at similar stabilizing
oxide concentrations.
Since the energy gap between the 7F0 and 7F1 levels
of Eu3+ ions estimated from the luminescence spectra
for the Gd2O3 (Y2O3)-stabilized zirconium crystals is
~200 cm–1, the 7F1 level at a temperature of Т = 77 K
appears unoccupied. Consequently, the excitation of
the luminescence spectra for the ZrO2–Gd2O3 and
ZrO2–Y2O3 crystals at Т = 300 K occurs via both the
7F → 5D and 7F → 5D transition and, at Т = 77 K,
0
1
1
1
the luminescence is excited via the transition 7F0 → 5D1
of Eu3+ ions.
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Fig. 4. Luminescence spectra for (a) the (ZrO2)1 – х(Y2O3)х
and (b) (ZrO2)1 – х(Gd2O3)х crystals doped with Eu3+ ions
caused by the transitions 5D0 → 7F0, 5D0 → 7F1, and
5D → 7F of Eu3+ ions upon excitation to the level 5D
0
2
1
(λexc = 532 nm) at Т = 77 K: (1) 0.04, (2) 0.08, (3) 0.10,
(4) 0.12, and (5) 0.14.

Fig. 3. Luminescence spectra for (a) the (ZrO2)1 – х(Y2O3)х
and (b) (ZrO2)1 – х(Gd2O3)х crystals doped with Eu3+ ions
caused by the transitions 5D0 → 7F0, 5D0 → 7F1, and
5D → 7F of Eu3+ ions upon excitation to the level 5D
0
2
1
(λexc = 532 nm) at Т = 300 K: (1) x = 0.04, (2) 0.08, (3) 0.10,
(4) 0.12, and (5) 0.14.
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Table 3. Ratio between the integral intensities of the spectral lines for the transitions 5D0 → 7F2 and 5D0 → 7F1 estimated
from the luminescence spectra with λexc = 532 nm at temperatures of 300 and 77 K
Sample

4GdSZ
8GdSZ
10GdSZ
12GdSZ
14GdSZ

Ratio between the integral intensities
for the transitions 5D0 → 7F2 and 5D0 → 7F1
Т = 300 K

Т = 77 K

1.1
1.2
1.2
1.2
1.3

0.9
1.0
1.0
1.0
1.1

Sample

4YSZ
8YSZ
10YSZ
12YSZ
14YSZ

In the luminescence spectra of the crystals with the
Gd2O3(Y2O3) concentrations from 4 to 14 mol %
detected at both Т = 300 K and Т = 77 K for the transition 5D0 → 7F1, the relative intensity of the line with
the maximum at 585.5 nm increases relative to the
lines at 586.6 and 587.3 nm.
Taking into account the features of the variation in
the luminescence spectra recorded upon excitation by
the radiation with λexc = 532 nm at Т = 300 and 77 K,
for the transitions 5D0 → 7F1 and 5D0 → 7F2 of Eu3+
ions in the ZrO2 crystals with different contents of the
stabilizing oxide, we identified the types of optical
centers of Eu3+ ions in the ZrO2–Y2O3 and ZrO2—Gd2O3
crystals.
The line with the maximum at 585.5 nm belongs to
the type-I optical center. The center of this type corresponds to the Eu3+ ion with one oxygen vacancy in the
nearest environment and is located in the oxygen
seven-vortex surrounding. The point symmetry of this
optical center of the Eu3+ ion should be trigonal (C3v).
In this case, the 7F1 level of the Eu3+ ion should be split
into two Stark components. Additional distortions
lead to the symmetry lowering; then, the 7F1 level of
the Eu3+ ion will be split into three Stark components
[16]. The luminescence spectra for the ZrO2–Gd2O3
and ZrO2–Y2O3 crystals presented in Figs. 3 and 4 are
the superposition of the spectra for different optical
centers of Eu3+ ions with the nonuniformly broadened
spectral lines. Therefore, it is impossible to unambiguously determine the number of Stark components
corresponding to the 5D1 level of the type-I Eu3+ optical center.
The lines with the maxima at 586.6 and 587.3 nm in
the luminescence spectra at Т = 300 K for the ZrO2–
Y2O3 and ZrO2–Gd2O3 crystals, as well as the lines
with the maxima at 586.7 and 587.3 nm in the luminescence spectra at Т = 77 K, are attributed to the
type-II optical centers of Eu3+ ions. In the centers of
this type, there are no oxygen vacancies in the first
coordination sphere, but they are contained in the second one. The local symmetry of such centers corre-

Ratio between the integral intensities
for the transitions 5D0 → 7F2 and 5D0 → 7F1
Т = 300 K

Т = 77 K

1.1
1.1
1.1
1.3
1.3

0.9
0.9
1.0
1.1
1.2

sponds to C1. According to the data reported in [16],
the splitting of the 7F1 level by the crystal field for these
Eu3+ centers is weaker than for the type-I spectra.
The rare-earth ions with the characteristic supersensitive transitions between their energy levels can
serve as spectroscopy probes for detecting the features
of the local crystal structure [22, 23].
In [24, 25], it was shown by the example of intensities of the supersensitive optical transitions between
the energy levels of rare-earth ions in garnet crystals
that the intensity of the super-sensitive transitions of
rare-earth ions in them significantly increase if the
point symmetry of a rare-earth ion corresponds to С2v,
С2, and С1.
For Eu3+ ions, the transition 5D0 → 7F2 is supersensitive. The intensity of this transition will significantly
depend on the crystal environment. At the same time,
the intensity of the magnetic-dipole transition 5D0 →
7F of the Eu3+ ion is insensitive to the crystal environ1
ment. Therefore, an increase in the ratio between the
intensities of the transitions 5D0 → 7F2 and 5D0 → 7F1
of Eu3+ ions in the investigated crystals serve as evidence for the increase in the relative fraction of lowersymmetry centers in them.
The ratios between the integral intensities of the
lines for the supersensitive transition 5D0 → 7F2 and
magnetic-dipole transition 5D0 → 7F1 of Eu3+ ions
obtained from the luminescence spectra (Figs. 3, 4)
are given in Table 3.
It follows from the data given in Table 3 that the
ratios between the integral intensities of the spectral
lines for the transitions 5D0 → 7F2 and 5D0 → 7F1 of
Eu3+ ions increase with the concentration of the stabilizing Gd2O3 (Y2O3) oxide due to the increase in the
relative fraction of the low-symmetry Eu3+ optical
centers.
Having generalized the features of the local structure
of the ZrO2–Gd2O3 and ZrO2–Y2O3 crystals, we may
conclude that the local crystal environment of Eu3+ ions
in the (ZrO2)1 – х (Y2O3)х and (ZrO2)1 – х(Gd2O3)х
(x = 0.04, 0.08, 0.10, 0.12, and 0.14) solid solutions
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Fig. 5. Crystal conductivity σ at a temperature of 1173 K:
(1) (ZrO2)1 – х(Y2O3)х and (2) (ZrO2)1 – х(Gd2O3)х.

formed with oxygen vacancies involved is determined
by the stabilizing oxide concentration and is almost
independent of the oxide type (Y2O3 or Gd2O3). The
relative fraction of the positions of Eu3+(Y3+, Gd3+) ions
with the oxygen vacancies in the nearest coordination
sphere increases at the stabilizing (Y2O3, Gd2O3) oxide
concentrations above 8 mol %.
Figure 5 shows the dependences of the conductivity
of the ZrO2–Gd2O3 and ZrO2–Y2O3 crystals at a temperature of 1173 K. It can be seen that the change in the
conductivity with increasing stabilizing oxide concentration is analogous for Y2O3 and Gd2O3. However, the
maximum conductivity of the ZrO2–Gd2O3 solid
solution shifts toward higher concentrations relative to
the maximum conductivity of the ZrO2–Y2O3 solid
solutions. For instance, the maximum conductivity of
the ZrO2–Y2O3 solid solution was observed at 8–
10 mol % of Y2O3, while for the ZrO2–Gd2O3 solid
solution, this concentration was 10–12 mol % of
Gd2O3. Note that the maximum conductivity in the
ZrO2–Y2O3 system was higher than that in the ZrO2–
Gd2O3 system. The growth of the Y2O3 concentration
above 10 mol % and the Gd2O3 concentration above
12 mol % led to a decrease in the conductivity.

CONCLUSIONS
The crystals of the (ZrO2)1 – х(Gd2O3)х and
(ZrO2)1 – х(Y2O3)х (x = 0.04, 0.08, 0.10, 0.12, and 0.14)
solid solutions were grown by directional crystallization of the melt in a cold crucible. It was shown that,
in the investigated composition range, homogeneous
transparent single crystals were obtained at x = 0.08–0.14
for the (ZrO2)1 – х(Y2O3)х solid solutions and at x = 0.10–
0.14 for the (ZrO2)1 – х(Gd2O3)х solid solutions.
It was established that the cubic phase in the crystals co-doped with Y2O3 stabilizes at the lower Y2O3
concentration in the solid solution than in the crystals
co-doped with Gd2O3. This can be attributed to the
dependence of stabilization of the high-temperature
phase on the stabilizing impurity type.
It was established that the local crystal environment of Eu3+ ions in the (ZrO2)1 – х(Y2O3)х and
(ZrO2)1 – х(Gd2O3)х solid solutions is determined by
the stabilizing oxide concentration and, in this case,
almost independent of its type (Y2O3 or Gd2O3). The
maximum conductivity at a temperature of 1173 K was
observed in the crystals containing 10 mol % of Gd2O3
and 8 mol % of Y2O3. These compositions correspond
to the t'' phase and are similar to the interface between
the cubic and tetragonal phase regions. The data
obtained allow us to conclude that, in the investigated
composition range, the concentration dependence of
the ionic conductivity is affected mainly by the phase
composition rather than the character of the localization of oxygen vacancies in the crystal lattice.
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The conductivities of the tetragonal 4GdSZ and
4YSZ crystals at 1173 K were similar. As the Gd2O3
concentration increases from 4 to 10 mol %, the conductivity of the crystals grows. The 10GdSZ crystals
with the t'' phase have the maximum conductivity. In
the ZrO2–Y2O3 system, the occurrence of the t'' phase
was observed in the crystals with the lower concentration of the stabilizing oxide (8YSZ) and these crystals
also have the maximum conductivity. At the transition
from the t'' to the cubic phase, the ionic conductivity
decreases with the increasing Gd2O3 or Y2O3 concentration.
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