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Abstract

Thermally induced transitions and depolarization of Fe,0; doped PMnS-PZN-PZT ceramics are investigated. The ceramics
have a highly diffused dielectric peak, but the temperature for the maximum dielectric permittivity 7., is frequency independ-
ent, which rules out the ceramics to be classified as typical relaxors. Meanwhile, the depolarization temperature 7, determined
by the thermally stimulated depolarization current is found to be notably lower than 7,,, which is distinct from the behaviors
of normal ferroelectrics as well. An extraordinary phenomenon noted is that the 7 coincides quite well with a characteristic
temperature where the dielectric permittivity shows the fastest increase. This characteristic temperature, denoted as Tg g, is
faint in the temperature-dependent dielectric permittivity but can be well resolved by taking the first derivative of dielectric
permittivity with respect to temperature. In addition, it is found a number of features of the anomaly around 7 y that are
quite similar to the ferroelectric-to-relaxor transition in typical relaxors, and therefore, the T} is assigned to a transition
from ferroelectric state to a “relaxor-like” state, in which the correlation of ferroelectric order could be weakened. Complex
impedance analysis reveals the presence of small polarizable entities at high temperature, providing further support for the
high-temperature relaxor-like state. It is suggested that the depolarization of Fe,0; doped PMnS-PZN-PZT is related to the
disruption of long-range ferroelectric order into polar regions with small sizes, rather than the ferroelectric-to-paraelectric
transition.
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1 Introduction

Thermal depolarization of ferroelectrics refers to the phe-
nomenon that the remanent polarization and piezoelectric-
ity degrade at elevated temperatures [1-3]. The depolariza-
tion temperature T is one of the most important issues for
piezoelectric applications, because it determines the upper
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temperature limit for the use of piezoelectric materials [4-9].
Particularly, for the high-power piezoelectric applications,
such as piezoelectric transducers, ultrasonic motors, etc.,
where the piezoelectric ceramics are operated at vibration
modes of high velocities, the thermal stability of piezoelec-
tric property and the related depolarization phenomenon are
of critical importance. A significant concern is that the heat
generation caused by the ceramic losses may lead to temper-
ature rising, and, if the temperature excesses the depolariza-
tion temperature, it may consequently result in device failure
[10-14]. In this context, understanding the depolarization
behavior is imperative, which provides the basis for not only
device applications but also performance improvement in
piezoelectric ceramics.

Extensive research works have been devoted into the
depolarization issue. It has been found that the depolari-
zation process varies for different types of ferroelectrics.
Normal ferroelectrics are expected to be depolarized in the
vicinity of the Curie temperature 7, along with the ferroe-
lectric-to-paraelectric transition [1]. Besides, the thermally
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activated reorientation of ferroelectric domains may also
cause the decrease of remanent polarization and piezoelec-
tric properties below T [15, 16]. Relaxor ferroelectrics are
characterized by diffused dielectric peak, with pronounced
frequency dispersion in the temperature of maximum die-
lectric constant T,,, i.e., the T}, shifts to higher tempera-
tures with the increase of measurement frequency [17]. The
relaxor ferroelectrics usually have a depolarization tempera-
ture T4 well below T, [18-20]. It is generally accepted that
in relaxor ferroelectrics the T, does not correspond to any
phase transitions, whereas the T is usually associated with
the transition from the electric field-induced ferroelectric
state to the high-temperature relaxor state [19, 21, 22]. Dif-
ferent from the ferroelectric-to-paraelectric transition, where
the crystal losses the spontaneous polarization on both mac-
roscopic and microscopic scales, the ferroelectric-to-relaxor
transition is merely a macrodomain-to-microdomain tran-
sition, i.e., the macroscopic polarization fades away with
the disruption of long-range ferroelectric order, whereas the
microscopic spontaneous polarization still persists locally
within the so-called polar nanoregions (PNRs) [17]. In the
crossover from normal to relaxor ferroelectrics, there is
another kind of ferroelectrics with intermediate electrical
behavior, i.e., the dielectric peak is highly diffused, but the
temperature of the dielectric maximum does not change with
frequency. At present, only a few studies focus on the depo-
larization of this kind of ferroelectrics [23]. It still remains
unclear whether their depolarization process is similar to
that of the normal ferroelectrics or relaxor ferroelectrics, or
there may be a completely different depolarization process
in this kind of ferroelectrics.

Fe,0; doped quaternary solid-solution Pb(Mn,3Sb,,3)
0;-Pb(Zn, 5Nb,/3)O05-PbZrO;-PbTiO; (PMnS-PZN-PZT)
ceramics are promising for high-power piezoelectric appli-
cations. The ceramics possess relatively large piezoelectric
properties (piezoelectric constant d;; =356 pC/N, planar
electromechanical coupling coefficient k,=0.60) and simul-
taneously low losses (dielectric loss factor tan §=0.12%,
mechanical quality factor Q,,=745) [24]. To facilitate
practical applications, a comprehensive understanding of
the ceramic properties is required. Previously, we have
measured the complete set of elastic, dielectric and piezo-
electric parameters and characterized the high-field nonlin-
ear properties as well [25, 26]. Nevertheless, the thermally
induced transitions and the depolarization behavior of the
ceramics are still remained to be clarified. In addition, the
Fe,0; doped PMnS-PZN-PZT is among the ceramics that
exhibit diffused dielectric peak but no frequency dispersion
in dielectric maximum temperature (see Sec. 3.2). There-
fore, the investigations on Fe,O; doped PMnS-PZN-PZT
ceramics may also have an implication for understanding
the thermal depolarization of ferroelectrics with behaviors
intermediate between normal and relaxor ferroelectrics. By
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the above considerations, we herein perform the investiga-
tions on the thermally induced transitions and depolarization
of the Fe,0; doped PMnS-PZN-PZT ceramics.

2 Experimental

The 0.45 wt.% Fe,O, doped PMnS-PZN-PZT ceramics were
synthesized via conventional solid-state route. According
to our previous works, the base material PMnS-PZN-PZT
belongs to the morphotropic phase boundary (MPB) region,
in which the tetragonal and rhombohedral phases are coex-
isted, and Fe,O5 is chosen as the dopant because it is an
acceptor, which can effectively lower the losses [24, 27-29].
Analytical grade Pb;O4, MnO,, Sb,0;, ZnO, Nb,Os, ZrO,,
TiO, and Fe,0; powders were used as starting materials.
The calcination was conducted at 900 °C for 2 h, and the
sintering was conducted at 1280 °C for 2 h. During the sin-
tering process, Pb-rich atmosphere was applied to minimize
the lead loss. The sintered ceramics were polished and then
electroded with silver paste. The poling procedure was con-
ducted by applying a DC field of 3.0 kV/mm for 15 min at
150 °C in silicone oil bath.

The micromorphology of the ceramics was observed
using a scanning electron microscope (FESEM, Ultra Plus-
43-13, Zeiss, Germany). The crystal structure was examined
using an X-ray diffractometer (XRD, PANalytical X Pert
Pro, Philips, Netherlands) with CuKa radiation. Rietveld
refinement of the XRD patterns was performed using the
program Maud [30]. For electrical measurements, the tem-
perature-dependent dielectric properties and impedance
spectra were measured by an LCR meter (TH2818, Tong-
hui Technologies Inc., China) connected to a computer-con-
trolled furnace. The temperature-dependent dielectric prop-
erties are measured at a heating or cooling rate of 2 °C/min.
The thermally stimulated depolarization current (TSDC) was
measured using an amperemeter (Keithley 2430, Keithley
Instruments Inc., America) connected to the same furnace
at the same heating rate of 2 °C/min as the temperature-
dependent dielectric measurement.

3 Results and discussion
3.1 Structural characterizations

Figure 1a shows the SEM image of a fresh fractured cross
section of the Fe,O; doped PMnS-PZN-PZT ceramics. It
can be seen that the microstructure of the sample is gener-
ally dense and homogeneous, showing that the ceramics are
well sintered. The average grain size is roughly estimated as
about 2 pm. Besides, the cross-sectional morphology exhib-
its mixing of intergranular and transgranular fracture modes.
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Fig. 1 Structural characterizations of Fe,O; doped PMnS-PZN-PZT ceramics. a SEM image of a fresh fractured cross section; b XRD patterns
and Rietveld refinement. The reflections are indexed in pesudocubic structure

The ratio of transgranular fracture is relatively high, sug-
gesting a strong adhesion at the grain boundaries. Accord-
ing to the XRD patterns shown in Fig. 1b, the Fe,O; doped
PMnS-PZN-PZT ceramics exhibit a perovskite structure.
Tetragonal distortion is present as evidenced by, for exam-
ple, the (002)/(200) splitting. Rietveld refinement based on
a tetragonal initial model (P4mm, ICSD-93554) acquires a
good fit with an R,,,=6.66%, which can be further improved
to R, =5.12% by taking a rhombohedral structure (R3c,
ICSD-93556) into the initial model, showing that the model
of coexistence of tetragonal and rhombohedral phases is
more reasonable than the model of single tetragonal phase.
No peak splitting for the rhombohedral distortion could be
observed, (e.g., the (111) reflection exhibit a single peak),
and the reason is that the rhombohedral distortion is rather
subtle. According to the refinement, the phase fractions are
about 74.7% and 25.3% for the tetragonal and rhombohedral
phases, respectively.

3.2 TSDC and temperature-dependent dielectric
property

TSDC measurement on a poled sample is used to determine
the depolarization temperature [1]. Figure 2 shows the depo-
larization current density J,,,, and the polarization loss P,
plotted as functions of temperature, where the P, is calcu-
lated by integrating J ., over time as

T
Ploss = _/ Jdepdt (1)
RT

From Fig. 2, a peak in Ju, is seen. This Jy, peak is cor-
responding to the steepest change in P, . By this peak, the
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Fig.2 Depolarization current density J,, and polarization loss Pjoq
as functions of temperature. P is calculated by integrating Jg,, over
time

depolarization temperature T of the Fe,O; doped PMnS-
PZN-PZT ceramics is determined to be 231 °C.

Figure 3a shows the temperature-dependent dielectric
properties of Fe,0; doped PMnS-PZN-PZT ceramics. The
measurement was taken on an unpoled sample upon heat-
ing. A peak of ¢, is observed at T,, =258 °C, and no obvi-
ous frequency dependence of T, can be found. For normal
ferroelectrics, the dielectric peak is usually attributed to
the transition from ferroelectric state to paraelectric state,
and the dielectric maximum temperature 7, is usually
very close to the depolarization temperature T, because
the depolarization is closely related to the ferroelectric-to-
paraelectric transition [1]. In contrast, for the Fe,O; doped
PMnS-PZN-PZT ceramics, T, is notably lower than T,
showing that the depolarization may have nothing to do
with the ferroelectric-to-paraelectric transition.
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Fig.3 Temperature-dependent dielectric properties of unpoled Fe,0; doped PMnS-PZN-PZT ceramics. a Relative permittivity e, and loss factor
tan &; (b) the inverse of relative permittivity. The inset in b shows the fitting of modified Curie—Weiss law

The temperature-dependent dielectric measurement
reveals that the Fe,O; doped PMnS-PZN-PZT ceramics
are similar to relaxors in some aspects of the dielectric
behaviors. It can be seen from Fig. 3a that the relative per-
mittivity €, shows an apparent dispersion with frequency
around 7,,, and the dielectric peak is obviously diffused.
Figure 3b shows the inverse of relative permittivity at
1 kHz as a function of temperature. At the temperature
above T, a deviation from Curie—Weiss law (Eq. (2)) is
evident.

1 _T—TCW

€ C

@)
r
where C is the Curie constant and Ty, is the Curie—Weiss
temperature. The onset temperature of the deviation from
Curie—Weiss law is estimated to be about 73 =337 °C
(known as Burns temperature for relaxors [31]). To charac-
terize the diffuseness of the relative permittivity peak, the
modified Curie-Weiss law is used [32]

(r-1,)
CI

1_1

3

3 3

r m

where ¢, is the maximum relative permittivity. The expo-
nent y indicates the degree of diffuseness of dielectric peak,
with 1 <y<2. The marginal values of y=1 and y=2 are cor-
responding to normal ferroelectric behavior and completely
diffused dielectric peak, respectively. Generally, the diffused
dielectric peak is a critical character of relaxors. For the
Fe,0; doped PMnS-PZN-PZT ceramic sample, as shown
in the inset of Fig. 3b, the slope of In(1/e,— 1/¢,)) versus
In(T—-T,,) plot gives y=1.847, implying a highly relaxor-
like behavior.
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3.3 ldentification of the transition
from ferroelectric state to a “relaxor-like” state

Below T, we identify another characteristic temperature,
denoted as Ty g in Fig. 3a, which is defined by the tempera-
ture where &, as well as tan 6, exhibits the fastest increases.
However, the Tt is quite faint in the curve of temperature-
dependent ¢,. To have a definite determination of Ty, the
first derivative of e, with respect to temperature is calculated
and plotted in Fig. 4a. A sharp peak can be observed in the
first derivative of €. By this peak, the Tp  is determined to
be 233 °C. At the temperature T g, the rapid increases of ¢,
and tan 6 could be the smearing of discontinuous changes
(see Fig. 3a), and probably an indication of a transition.
Interestingly, the Ty does not change with frequency. More
interestingly, the T i from temperature-dependent dielectric
measurement coincides well with the T, from TSDC meas-
urement. This coincidence is quite extraordinary, since the
Tg.g and T, are from two independent measurements.

Moreover, it is noted that the frequency dispersion of &,
suddenly becomes pronounced when the temperature passes
over Ty (see Fig. 3a). To quantify the frequency dispersion
of ¢, a parameter Ag, is defined as

€1,0.1kHz ~ €r,100kHz

r= “

Er1kHz

Ae

Figure 4b shows Ag, as a function of temperature. One can
see that the Ag, increases rapidly in the vicinity of Tpg.
This result is reminiscent of ferroelectric-to-relaxor transi-
tion. The rapid increases in €, and Ag,, accompanied with
depolarization, around a frequency-independent tempera-
ture have previously been observed in many typical relaxor
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Fig.4 Abrupt changes in dielectric properties around Ty for unpoled Fe,0; doped PMnS-PZN-PZT ceramics. a The first derivative of relative
permittivity with respect to temperature; b frequency dispersion in dielectric permittivity characterized by Ag, as a function of temperature

ferroelectrics, such as PLZT [19, 33, 34], PMN/PZN-PZT
[35, 36], BNT-BT/BKT [21, 37, 38], etc., and this charac-
teristic temperature has been attributed to the ferroelectric-
to-relaxor transition. For the Fe,O; doped PMnS-PZN-PZT
ceramic sample, in the view of these similarities, it is also
reasonable to ascribe the Tp  to a transition from the low-
temperature ferroelectric state to some high-temperature
“relaxor-like” state, in which the correlation of ferroelectric
order is weakened. The exact nature of the relaxor-like state
is remained unclear, which needed further investigations. In
spite of the behaviors of Fe,0; doped PMnS-PZN-PZT are
highly relaxor-like, the ceramics could hardly be classified
as relaxors, because the frequency dispersion of dielectric
maximum is not observed.

More features of the anomaly around 7§,  are also noted.
Figure 5a compares the temperature-dependent relative per-
mittivity &, for the poled and unpoled samples. Although the
poled sample possesses higher relative permittivity than that
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Fig.5 Comparisons of temperature-dependent dielectric properties
for poled and unpoled Fe,O5 doped PMnS-PZN-PZT ceramics. a Rel-
ative permittivity ¢,; b the first derivative of relative permittivity with

of the unpoled sample at room-temperature (probably due
to the change of domain wall density and the domain textur-
ing after poling), the relative permittivity above Ty for the
poled and unpoled samples are approximately equal. The
inset of Fig. 5a shows that the difference in €, between poled
and unpoled samples, characterized by (&, pojea/€r.unpoted — 1>
suddenly diminishes around 7 z. Another feature is that the
temperature of the steepest increase in ¢, for the poled sam-
ple, which is determined to be 235 °C according to Fig. 5b,
is almost the same as the Ty determined from the unpoled
sample. Considering the poled sample is undoubtedly in fer-
roelectric state (see Ref. [25] for the saturated P-E hysteresis
loop of the ceramics), the results from the poled sample
further support that Ty  is related to the transition from low-
temperature ferroelectric state to high-temperature relaxor-
like state.

As mentioned above, the dielectric anomalies at
Tr.r. which have been ascribed to the transition from
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respect to temperature. The inset in a shows the relative difference in
relative permittivity between the poled and unpoled ceramics
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low-temperature ferroelectric state to high-temperature
relaxor-like state, can be detected on an unpoled sample.
This means that the unpoled sample is also in ferroelectric
state at room temperature. With this point, it is further spec-
ulated that the inverse transition may occur spontaneously
during cooling. To confirm this, Fig. 6a compares the tem-
perature-dependent &, measured upon heating and cooling,
and Fig. 6b compares the first derivative of &, with respect
to temperature. A peak in the cooling curve of first deriva-
tive of ¢, is observed at Ty =222 °C. This peak reveals
the spontaneous transition from high-temperature relaxor-
like state to the low-temperature ferroelectric state [39—41].
In addition, Ty g < Tgg, which means that the transition
between ferroelectric and relaxor-like states is first order in
nature, with a transition hysteresis of about 11 °C.

3.4 Trace of small polarizable entities revealed
by impedance spectra

More evidences for the high-temperature relaxor-like state
are revealed by using the tool of complex impedance analy-
sis. Figure 7a shows the imaginary part of complex modulus
M" spectra of Fe,O; doped PMnS-PZN-PZT ceramics in
the temperature range of 250~ 550 °C and the frequency
range of 20 Hz ~300 kHz. Two sets of relaxation peaks
can be seen: one is above 450 °C (denoted as “Peak A”)
and the other is below 350 °C (denoted as “Peak B”’). With
the increase of temperature, both peaks shift to higher fre-
quency. Such a shifting trend implies that the characteristic
frequency of Peak B should be higher than that of Peak A if
the same temperature is considered.

To explore the origin of Peak A, the imaginary part
of complex modulus M", permittivity " and impedance
Z" spectra are compared at 500 °C. As shown in Fig. 7b,
the peak positions of M" and Z" overlap at about 400 Hz,
whereas no obvious peak of &€” is observed at the same
frequency. Therefore, the Peak A is assigned to be the
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Fig.7 Complex impedance spectra of Fe,0; doped PMnS-PZN-PZT
ceramics. a M" spectra in the temperature range of 250~550 °C;
comparisons of M", " and Z" spectra at b 500 °C and ¢ 300 °C
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Fig.6 Comparisons of temperature-dependent dielectric properties during heating and cooling processes for unpoled Fe,O; doped PMnS-PZN-
PZT ceramics. a Relative permittivity ¢; b the first derivative of relative permittivity with respect to temperature
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long-range conductivity [42, 43]. The relative permittivity
estimated from the M" peak (2/M" = 1700) is similar to
the value extrapolated from Curie—Weiss law (g, = 1700 at
500 °C, the Curie—Weiss fitting is shown Fig. 3b), which
further confirms the assignment of Peak A. Generally, in
polycrystalline ceramics, the difference in electrical prop-
erties between grains and grain boundaries leads to the
separation of M" and Z" responses, with high-frequency
M" and Z" peaks representing the response of grains and
the low-frequency peaks representing the response of grain
boundaries [44]. For the Fe,0; doped PMnS-PZN-PZT, only
one M" and Z" overlapped peak is observed, which means
that the sample is electrically homogenous, and therefore the
responses of grains and grain boundaries appear at approxi-
mately the same frequency.

As for the Peak B, Fig. 7c shows that the peaks of M" and
e" are overlapped, but no obvious peak of Z" appears at the
same frequency. The permittivity estimated from the Peak
B (2/M" ., = 15,000) is much higher than that of the bulk
value (e, = 8000, see Fig. 3a). In addition, the characteristic
frequency of Peak B is higher than that of Peak A, and the
Peak A has been assigned to be long-range conductivity.
These features indicate that the Peak B is related to highly
polarizable entities in small dimensions [42, 43]. These
small-dimensional and highly polarizable entities may be
originated from the disruption or weaken of ferroelectric
order at Ty and give rise to the relaxor-like behaviors of
the ceramics, in analogous to the PNRs in typical relaxors
[45]. To further clarify whether these polarized entities are
indeed PNRs, more evidences are needed. Nevertheless, the
appearance of Peak B confirms the existence of small polar-
izable entities in Fe,0; doped PMnS-PZN-PZT ceramics.

The frequency dispersion of dielectric maximum tem-
perature 7, is commonly observed for many relaxors, but the
T,, of the Fe,O; doped PMnS-PZN-PZT ceramics displays
no frequency dispersion. We propose two possible reasons
which could explain this phenomenon. The first reason is
that the relaxor nature of Fe,O; doped PMnS-PZN-PZT
ceramics is somewhat faint, i.e., the contributions from
the polarizable entities to the dielectric properties is very
limited. From Figs. 7a and c, one can see that the Peak B
is quite weak. The second reason is that when T=T,, the
relaxation frequency of the small polarizable entities is out
of the frequency range (100 Hz ~ 100 kHz) of the temper-
ature-dependent dielectric measurement. Wei et al. have
demonstrated, for the typical relaxors Ba(Sn, Ti)O;, that the
frequency dispersion of T, can only be observed when the
experimental frequency covers the relaxation frequency of
PNRs at the temperature around T}, [46]. As for the Fe,0;
doped PMnS-PZN-PZT ceramics, Fig. 8 shows the " spec-
tra in the temperature range of 250~350 °C. It can be seen
that the Peak B has shifted below 100 Hz, the lower limit of

—=—250°C —=—300 °C
—o0—260 °C —+—325°C
—o—280 °C —*—350 °C

10’4

/
AAAAAAAAA
o,
A

. 100 1k

Frequency (Hz)

10k 100k

Fig.8 " spectra in the temperature range of 250~350 °C for Fe,0;
doped PMnS-PZN-PZT ceramics

the frequency range of temperature dielectric measurement,
before the temperature decreases to T,

3.5 Thermally induced transitions
and depolarization

Based on the above analysis, we could outline the thermally
induced transition and depolarization process of Fe,0O;
doped PMnS-PZN-PZT ceramics. The thermally induced
transition sequence is shown in Fig. 9. At room-temper-
ature, the Fe,O; doped PMnS-PZN-PZT is in ferroelec-
tric state. With the increase of temperature, the transition
from ferroelectric state to a relaxor-like state takes place at
Trr=233 °C. Above Ty, the ceramics are in relaxor-like
state, and the small polarizable entities start to contribute to
the dielectric responses, which give rise to the Peak B in the
modulus spectra (Figs. 7a and ¢). When the temperature is
further increased beyond Burns temperature 73 =337 °C, the
ceramics gradually evolve into paraelectric state. On cool-
ing, the ceramics first evolve from paraelectric state into
relaxor-like state around 7§, and then, the transition from
relaxor-like state to ferroelectric state occurs spontaneously
at T =222 °C. Finally, the Fe,O; doped PMnS-PZN-PZT
is in ferroelectric state at room temperature. It is noted that
the transition between ferroelectric and relaxor-like states
is a first-order transition, with a thermal hysteresis of about
11 °C.

As for the depolarization, we have noted that the depolari-
zation temperature 7 is notably lower than T, but coinci-
dent well with the temperature 7} of the rapid increases in
¢, and Ae,. This behavior is quite in analogous to the typical
relaxor ferroelectrics, where the depolarization is associated
with ferroelectric-to-relaxor transition [19, 35, 38]. In this
view, the depolarization of Fe,0; doped PMnS-PZN-PZT
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Fig.9 Thermally induced Trr=233°C Ty=337°C
transitions of Fe,O; doped @ R
PMnS-PZN-PZT ceramics Ferroelectric _______ = Relaxor-like -~ Paraelectric
Trp=222°C
spontaneous

ceramics is ascribed to the transition from low-temperature
ferroelectric state to the high-temperature relaxor-like state,
i.e., the reduction of correlation length of ferroelectric order,
rather than the ferroelectric-to-paraelectric transition.

4 Conclusions

Thermally induced transitions and depolarization behavior
of Fe,0; doped PMnS-PZN-PZT ceramics are investigated.
The first-order transition from low-temperature ferroelec-
tric to high-temperature relaxor-like state takes place at
Tg.r =233 °C, and the inverse transition occurs spontane-
ously on cooling at T =222 °C. In addition, the depolari-
zation temperature T is determined to be 231 °C, which is
notably lower than T,, =258 °C but coincident well with
Tr.r- The depolarization process is ascribed to the transition
from low-temperature ferroelectric state to high-temperature
relaxor-like state, i.e., the reduction in correlation length of
ferroelectric order, rather than the ferroelectric-to-paraelec-
tric transition. The present work also highlights the iden-
tification of Tp by taking the first derivative of tempera-
ture-dependent dielectric permittivity. The rapid increase in
dielectric permittivity in the vicinity of Tp is likely to be
a smearing of discontinuous change and therefore probably
an indication of a transition. It would be interesting to check
whether the coincidence of the depolarization temperature
with the temperature of the fastest increase in dielectric per-
mittivity is generally validated in other ferroelectric systems.
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