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It is found that ceramic thermoelectret based on CagNb,TiO,; with five-layered slab
perovskite-like structure is characterized by high values of potential external electric field
V¢ which demonstrates enchanced stability in time both under normal and high humidity
conditions. In particular, the initial value Vg, of the surface potential for CagNb,TiO,,
polarized ceramics (Fpol. =15 kV/em, T,, = 493 K, Tpol. = 2 h) is equal to 480 V, the
decreasing of Vg/Vg, under normal conditions does not exceed 20 % for 3816 days and
under 100 % of humidity reaches 73 % for 7 days.

Keywords: ceramic thermoelectret, compounds with slab perovskite-like structure.

YcraHoBIEHO, UTO KepaMudecKuil TepmoanexTper Ha ocHoBe CazNb,TiO,, ¢ marucaoitnoit
CIIOUCTON TEPOBCKUTOMOMOOHON CTPYKTYPON XapaKTepu3yeTcs BBICOKUMU 3HAUEHUAMU IIO0-
TEeHIIaJIa BHEIIHETO BJIeKTPUUECKOTO II0JA Vg U MMeeT BHICOKYIO CTaOMIBHOCTL Vg BO BpeMe-
HU KaK B HOPMAJLHLIX YCIOBUAX, TAK U B YCAOBUAX BLICOKOW BJAMKHOCTH OKPYIKAIOIIEit
cpensl. Tak, BeIUYNHA HAYANTLHOTO MOBEPXHOCTHOTO IOTeHNMANA V) AIA 3al0IAPU30BAHHOMN
(F,,, =15 xB/em, T,,, =493 K, 1, = 2 u) kepamuru CagNb,TiO,; cocraBaser 480 B,
cax Vg/Vg, B HOPMANBHHX yciaoBuaAx He mpesbimaer 20 % sa 316 cyTok, a B ycIoBHAX
100 % sBaamuocT; cocraBaser 73 % 3a 7 CyTOK.

Enexrperni saacrusoctri CagNb,TiO,; 3 m’aTunraposoo IepoBCHKiTONOAIGHOIO CTPYKTY-
poto. 10.0.Timos, M.C.Cro6odanurx, H.M.Binseuna, O..Haxoneuna, B.B.Yymax,
P.M.Ky3vmin.

BeraroBieno, mo Kepamiunuii Tepmoernextper Ha ocHosl CagNb,TiO,; is n’arumaposoro
HIAPYBATOI MEePOBCLKITOMOLIOHOI0 CTPYKTYPOIO XapaKTEePU3YETHCSA BHCOKMMU 3HAUYEHHIMU
IIOTEHI1aTy 30BHIIIHBOTO €JEKTPUIHOrO moas Vg Ta Mae BUCOKY cTabinbHicTe Vg v waci ax
3a HOPMAJIbHIX YMOB, TAK 1 B yMOBaX BHCOKOI BOJIOI'OCTi OTOUYIOUOrO CEPEIOBHUINIA. 30KpPEMA,
BeJMYMHA IIOYATKOBOrO IIOBEPXHEBOro moTeHmiany Vg, mna sanoasapusosamol (F, . =
15 xB/em, T,,, =498 K, 1,,, =2 rox.) kepamikm CagNb,TiO,; ckuamae 480 B, cman
Vs/Vg, vV HOPMATbHUX yMoBax He Tepesumiye 20 % sa 316 1i6, a B ymosax 100 % Bomo-
rocti cranoButh 73 % 3a 7 mi6.

© 2017 — STC "Institute for Single Crystals”

1. Introduction

Structure features of slab perovskite-like
structure (SPS) of AnBnO3,,, compound and
phases, including the presence of BQOg dis-
torted octahedra that are joined vertices as
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infinite two-dimensional layers [1, 2], gave
reason to expect a residual polarization phe-
nomenon. Beyong that the emergence of the
new, specific just to this structure, trap
types on the boundaries between the
perovskite-like slabs through their originat-
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ing on interphase boundaries is possible [3].
This can significantly improve the electretic
properties of materials based on the slab
compounds.

These assumptions have been confirmed
by the study of electret properties of a
number of phases based on the four-layered
LayTiyOq4. It should be noted that thermal
and moisture capacity of the external field
for these phases are essentially higher than
those for industrial T-150-type electret ma-
terials based on CaTiO; [8-5]. Accordingly,
there were reasons to expect the presence of
electret properties for the rest of the
AnBnOg,,, family of compounds, in particu-
larly for the AnBnOg,,, (n = 5) five-layered
compounds.

2. Experimental

To study the origin of residual polariza-
tion and its features the five-layered
CagNb,TiO4;, in SPS of which the B-posi-
tion is occupied by niobium and titanium
ions (Fig. 1) [6], was chosen as an object of
research. Dimensional differences in crystal
radii of the six-coordinated Ti** and NbS5*
ions and different deformation degree of
BOg octahedra (depending on their location
in a perovskite-like slab) had to determine,
in our opinion, the formation of a signifi-
cant number of additional minimum of po-
tential energy and to provide the high elec-
tret parameters of material obtained.

Since the electret characteristics of oxide
ceramics also significantly affect its physi-
cal and mechanical parameters (density,
number and size of pores), the initial stage
of our research was connected with defini-
tion of the conditions to obtain the
CagNb,TiO4; high-quality ceramic samples.
Synthesis of the CagNb,TiO;; polycrystal-
line powder was carried out by co-precipita-
tion method [7] since it allows to obtain the
high-stoichiometric finde-grained material
with a size of microcrystals one order less
than those obtained by solid-phase ceramic
technology. This fact essentially facilitates
the further powder sintering.

The resulting batch of the hydroxycar-
bonates co-precipitated with a ratio of
Ca:Nb:Ti = 5:4:1 was drained at 370 K and
heat treated at 1170 K for 2 h. Then the
powder was accurately grinded with further
addition of plasticizer (polyvinyl alcohol).
The disc samples (1 mm of thickness and
diameter of 10 mm) were formed by a cold
pressing (1-1.5)-107 Pa) from the batch ob-
tained. Analysis of the temperature depend-
ences of shrinkage and hydrostatic density
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Fig. 1. Five-layered perovskite-like structure
of CazNb,TiO,; in a form of (Nb,Ti)Og4 octahe-
dra and Ca atoms (circles) [6].

of the CagNb,TiO4; cold pressed discs (heat
treated at different temperatures) has
showed that the optimal sintering mode is
the heat treatment at 1670 K for 2 h. For
the CagNb,TiO47 ceramic samples with SPS
obtained in this way the density values com-
prise 96-98 % of the X-ray, and the value
of open porosity do not exceed 0.7 %.

Creation of the residual polarization in
the CagNb,TiO4; ceramic samples with SPS
was performed by thermopolarization using
aluminum electrodes pressed and dielectric
mylar spacers of 7.5 W thickness (¢ = 2.3-
2.8, p> 1016 Q.cm). The value of surface
potential of the external field was measured
by compensation method.

3. Results and discussion

As shown by the authors of [4, 5], the
optimum temperature of termopolyarization
of the four-layered La,TiOq4-based ther-
moelectrets is 480—500 K, and the values of
the initial surface potential Vg, essentially
depend on the strength of polarizing field.
Therefore, in this work the electret charac-
teristics of CagNb,TiO4; ceramics have been
studied on the samples polarized at differ-
ent strengths of polarizing field (¥,, = 10—
25 kV/cm, exposition for 2 h) and polariz-
ing temperature of 493 K with further cool-
ing of the ceramics in the field. As shown
in Fig. 2, with the polarizing field strength
increases the initial surface potential Vg, of
the CagNb,TiO; ceramics increases, and de-
pendence Vg, = f(F,,) is exponential. Thus,
the highest Vg, Vafue (525 V) is detected at
polarization of the CagNb,TiO,; ceramics in
the field of 25 kV/em but at the same time
the sample polarized under these conditions is
shown one of the biggest trends to Vg/Vg,
decrease.

The highest stability in time of the rela-
tive surface potential of CagNb,TiO.; ce-
ramics is observed after its polarization at
Fpol. =15 kV/cm, Tp = 493 K, the exposure

time 7,, is 2 h. For the CagNbyTiOq; ce-

Functional materials, 24, 4, 2017



Y.O.Titov et al. /| Electret properties of ...

500
S
9 400+ p
" L]
300
10 15 20 25
Fool, kKV/iem

Fig. 2. Dependence of initial surface poten-
tial Vg, of exernal field of CagNb,TiO;; ce-
ramics on polarizing field strength (Fpol.).

ramic samples polarized in these conditions
the decrease of Vg/Vg, does not exceed
20 % for a quite long period (316 days),
and Vg, value was equal to 480 V, while the
Vg/Vg, parameter for the industrial T-150
electret exceeds 70 % for the same period
(Fig. 3).

In addition to the potential value of ex-
ternal electric field and its stability over
time, the stability of the surface potential of
the external field to high humidity environ-
ment is one of the most important functional
characteristics of the electret materials.

Stability of the surface potential of the
CagNb,TiO4; ceramic electret’s electric field
toward humidity action is controlled by the
following algorithm: Vg of the ceramic sam-
ple is measured immediately before immer-
sion into humid atmosphere, the sample is
placed into a desiccator with a relative hu-
midity of 100 %; Vg measurements are pro-
vided after the sample being kept in the
humid atmosphere for 10 min, 1 day, etc.
Decrease of the potential of the ceramic
sample is determined by the formula:
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Fig. 3. Dependences of relative surface poten-
tial (Vg/Vg,) of CagNb,TiO,; ceramics (I —
F . =15kV/em, 2 — F, , =20 kV/cm, 3 —
Fpol. =25 kV/em) and T-150 (on the base of
CaTiO; [5]) (4 — Fpol_ =10 kV/cm) on time.

100 - (VS before test ™ VS after test)

%decrease =
’ VS beforetest

Data on stability of the external electric
field potential for the CagNb,TiO; ceramics
under conditions of 100 % humidity and
for known ceramic electrets based on so-
dium niobate, lithium and strontium ti-
tanate [8] and CaTiO3 ceramics are listed in
Table.

From Table it is seen that the
CagNb,TiO,; ceramics has output values of
the external electric field potential close to
the known ceramic material [8], but demon-
strates much greater stability Vg under the
conditions of high humidity. So, % decrease
of Vg for the CagNb,TiO 7 ceramics after
10 min exposure under 100 % of relative
humidity is ~3 % (Fig. 4), while this value
is (81.4-45.6) % for the known ceramic ma-
terial [8] and is equal to 78 % for CaTiO;
ceramics. After 24 h of keeping in such a
humid atmosphere CaTiO; absolutely loses

Table. Stability of the external field potential Vg of CagNb,TiO,; ceramics with SPS, known
ceramic material [8] and CaTiO; ceramics at relative humidity of 100 %

External field Exposition at relative humidity of 100 %
Ceramic potential (Vg, .
electret V), after 10 min 1 day 7 days
material 10 days of o o o
polarization Vs V_after %o decrease|Vg, V.after % decrease|Vg, V_after Yo decrease
testing Vg testing Vg testing Vg
CagNb,TiO,, 300 290 3.3 280 6.7 80 73.3
Known ce- 246-297 134-204 | 31.4-45.6 - - - -
ramic mate-
rial [8]
CaTiO4 90 20 78 0 100 - -
Functional materials, 24, 4, 2017 561
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Fig. 4. Dependence of relative surface poten-
tial (Vg/Vg,) of CagNb,TiO,; ceramics on time
of keeping the sample in conditions of 100 %
relative humidity.

its charge while the potential decreases on ~
7 % on the CagNb,TiO47; ceramic disks
(Table), total discharge of the CagNb,TiO,;
electret ceramics arrives on the 15th day of
the sample keeping at 100 % humidity.

4. Conclusions

Thus, our studies have experimentally
confirmed the expected ability of creation
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of stable residual polarization in the
A,B,O3,4o five-layered family of compounds
with SPS. The CagNb,TiO,;-based ceramic
electrets with SPS are characterized by en-
chanced values of the external electric field
potential and its high stability over the
time. Besides, such functional requirements
as stability in the high humidity Vg is much
higher than that for not only other known
electrets but also for the industrial ceramic
electret material on the base of CaTiO,.
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